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Inter-annual variations over a decade of primary prod

Mediterranean seagrass Posidonia oceanica

Alberto V. Borges & Willy Champenois

Université de Liege, Belgium
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Seagrasses are:
1. Hot spots of carbon production and burial
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Duarte et al. (2005) Biogeosciences 2:1-8



50t Liege Colloquium

Liege, 29 May 2018 Motivation

http://www.co2.ulg.ac.be/

Seagrasses are:
1. Hot spots of carbon production and burial
2. Hot spots of biodiversity
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Seagrasses are:

1. Hot spots of carbon production and burial

2. Hot spots of biodiversity

3. Providers of diverse ecosystems functions, services, and goods
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Seagrasses are:
1. Hot spots of carbon production

Does gross primary production (GPP) of Posidonia oceanica
fluctuate inter-annually ?

Is GPP of P. oceanica increasing or decresing in the
Mediterranean Sea ?
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Posidonia oceanica (Linnaeus) Delile 1813

- Angiospermae (terrestrial origin)
- endemic to the Mediterranean
- most abundant seagrass in
the Mediterranean
- present from shore to ~40 m depth
- habitat for a large biodiversity
- long-living but very slow-growing
- vulnerable
- threatened (mechanical damage,
light limitation from eutrophication)
- meadows declining
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GPP = Gross primary production
R = Community respiration
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Community Respiration
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Distinct seasonal pattern
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Distinct inter-annual variations
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meadow + Posidonia litter Meadow clear of litter
(end of summer) (winter and start of next cycle)
>

Fall & winter storms

“Normal” year.
GPP by benthic sciaphile flora starts as soon as litter is cleared

Photo credit: Lepoint G.
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meadow + Posidonia litter meadow + Posidonia litter
(end of summer) (winter and start of next cycle)
>
Fall & winter-storms

“No storm” year.
GPP by benthic sciaphile flora does not occur (occultation)

Photo credit: Lepoint G.
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GPP (mmol O, m'zd'1)
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GEOPHYSICAL RESEARCH LETTERS, VOL. 34, L12704, doi:10.1029/2007GL029951, 2007

Article

Exceptional European warmth of autumn 2006 and winter 2007:
Historical context, the underlying dynamics, and its
phenological impacts

Jiirg Luterbacher,’ Mark A. Liniger,” Annette Menzel,” Nicole Estrella,’
Paul M. Della-Marta,” Christian Pfister,* This Rutishauser,! and Elena Xoplaki'
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Analysis of inter-annual variability from February-August

& Solar radiation

& Sea surface temperature (SST)
& Chlorophyll-a

& Wind speed

& Precipiation
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Analysis of inter-annual variability from February-August

& Solar radiation
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Analysis of inter-annual variability from February-August

& Solar radiation

& Sea surface temperature (SST)
& Chlorophyll-a
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Analysis of inter-annual variability from February-August
February and March:

GPP = -6 + 0.0553 x Solar radiation + 3.08 x Chlorophyll-a
(r=0.87 > Iy .95, n=9=0-44)

Positive correlation with Chlorophyll-a
# phytoplanktonic contribution to GPP
= winter nutrient inputs increase both planktonic and
benthic production
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Analysis of inter-annual variability from February-August
February and March:

GPP = -6 + 0.0553 x Solar radiation + 3.08 x Chlorophyll-a
(r=0.87 > r 10,95 n-9~0-44)

April:

GPP = 29 - 0.061 x solar radiation + 4.33 x Chlorophyll-a
- 0.31 x Sea Surface Temperature
(r=0.90 > r y; (0.95, n-9)=0-44)

Negative relationship with SST and Solar radiation:
during this period high SST and high solar radiation
= early stratification
= lower nutrient inputs (from mixing)



50t Liege Colloquium

Liege, 29 May 2018
http://www.co2.ulg.ac.be/

Analysis of inter-annual variability from February-August
February and March:

GPP = -6 + 0.0553 x Solar radiation + 3.08 x Chlorophyll-a
(r=0.87 > r 10,95 n-9~0-44)

April:
GPP = 29 - 0.061 x solar radiation + 4.33 x Chlorophyll-a
- 0.31 x Sea Surface Temperature
(r=0.90 > r y; (0.95, n-9)=0-44)

May to August:

GPP =-287 + 0.052 x solar radiation
+ 11.93 x sea surface temperature
(r=0.93 > r (it 0.95, n=9) = 0-44)
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Combination of GPP models for each period allows to predict
annual GPP
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Does gross primary production (GPP) of Posidonia oceanica
fluctuate inter-annually ?

Yes, annually from 61 to 108 molO, m=2 yr-1.
Mostly related to solar radiation, modulated by temperature and
nutrient inputs.

Is GPP of P. oceanica increasing or decresing in the
Mediterranean Sea ?

| don’t know.
But at our study site, GPP was stable from 2006 to 2016.
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GPP (mmol O, m2d™)

Planktonic versus benthic GPP ?

300
GPP = 5.8 Chl a (r* = 0.92; P < 0.001)
200-
100- _—
Qe
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0 5 10 15 20
Chl a (mg m)
GPP = f (Chl a)

Bay of Palma (Mallorca)
Gazeau et al. (2005)

01 August 2006 - 01 August 2007:

calculated planktonic GPP
range ~0.0 to 92.6 mmol O, m2 d-,
average 4.5 mol O, m2 yr1,

community GPP
range 0.4 to 564.6 mmol O, m2 d-"
average 56.9 mol O, m2 yr

) Chl a from our ) (very) rough estimate of
fluorometer planktonic GPP

Planktonic compartment contributes
<10% of community GPP on an annual
scale in this specific community at this
depth.
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Planktonic versus benthic GPP ?
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Planktonic versus benthi&: GPP ?
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Limnol. Oceanogr., 57(1), 2012, 347-361
© 2012, by the Association for the Sciences of Limnology and Oceanography, Inc.
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Seasonal and interannual variations of community metabolism rates of a Posidonia
oceanica seagrass meadow

W. Champenois and A. V. Borges™
Chemical Oceanography Unit, Université de Liege, Liége, Belgium

Abstract

We report gross primary production (GPP), community respiration (CR), and net community production
(NCP) over a Posidonia oceanica meadow at 10 m in Corsica (Bay of Revellata) based on the open water O, mass
balance from a data set of hourly measurements with an array of three O, optodes deployed from August 2006 to
October 2009. The method was checked by comparison with discrete measurements of metabolic rates derived
from benthic chamber incubations also based on the diel change of O,. This comparison was satisfactory and
actually highlights the potential caveats of benthic incubation measurements related to O, accumulation in small
chambers leading to photorespiration and an underestimation of GPP. Our data confirmed previous P. oceanica
meadows GPP and CR values, strong seasonal variations, and net autotrophy. High-resolution data revealed
strong interannual variability, with a decrease of GPP by 35% and NCP by 87% during 2006-2007 characterized
by a mild and less stormy winter compared with 2007-2008 and 2008-2009. P. oceanica meadows are then
expected to decrease export of organic carbon to adjacent communities (decrease of NCP), since a decrease in
frequency and intensity of marine storms is expected in the future in the Mediterranean Sea as a result of a
northward shift of the Atlantic storm track.



