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Local context : observations of fishermen

BRI Ry e, S . « %= 1'
- Fisheries & egonomical cmisequences. = RN
> decreasing'yiglds, .. ;= T 0w S s S EiN
> health and safety concerns . < > o Ny - Mg
> tourism impacts ? A L 4k N -3

Many questions...
> Composition ? origin ? dynamics ?
> Environmental conditions driving such outbreaks
>Main planktonic assemblages & processes involved



Local context : observations of fishermen

* Sometimes other forms appafition 7?

e g IR " o, 5 1" Jea TN %
o N 5”(.'- , . 2 . ~ = 28

« Linked with other coastal phenon’féngm-z. ;
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- Preliminary studies

« 2001 : Ifremer

> One day samplmg 23/05/2001 on fish lines and plancton net 60 p
> « Not a SIgn of a;t unbalanced ecosystem »

« 2006 : LAPH h
> 2 days sam,plmg 24 and 26/05/2006 on ffsh lines and nets
> Aggregates of' varwus brlglns trapped spec1es ln an organlc matrix

'.\

» 2010 : IMA - GIDPMEM 64 -40 partnershrpw £
> Fishermen survey*‘(loc'atlon and perlod) e R N
> Weekly sampling. from 11 a,prluto 27 oc¢tober .
> Coastal pelagic aggregates containig a wide a(arlety of -m'gamsms y

-
s

—

« 2012 : IMA - CIDPMEM 64-40 partnership

> Fishermen survey (location and period)
> International literature review
> Preparation of the 2013-2015 research program

K 201 3'201 7 . ResearCh rogra = Diatoms ' Dinof-ldagellate;‘*
P g @ W‘EIQ'ENO Chaetoceros sp., ' ’.] Ceratium sp.



Partnership IMA-CIDPMEM 64-40 : location

Liga’s location by fishermen (2010 - 2012 = 1054
ggﬂﬂmg stations @

research program

Républiaue Tchéale

j Capbreton
Canyon

Ad_our‘ River

Légende

Bathymétrie

Spain border



Percentage of Liga's observations (%)

20%

15%

10%

Pdr.'fner'ship IMA-CIDPMEM 64-40 : appearance period

Spring peak

Linked with annual phytoplanktonic

Bloom phytoplanctonique



Literature review : International background ™

"1 Alldredge et Cracker 1995

» Fukao et al. 2009

Mackenzie et al. 2002
. Schiapareliet al. 2007

= All coastal & pelagic colloidal aggregates

" "Marine mucilages”, "blobs”, "mare sporco”, "glitsa”, ‘Nuta” or

“popole”...

= Different evolution stages covering 100s of km
v as temporary ecosystems :
v holding large biodiversity of micro-organisms (diatoms,}
dinoflagellates, protozoans, bacteria, zooplankton), organics,

minerals, contaminants...)
Innamo/® ey ’
Giani et al., 2005
Degobbis et al., 1999
Mecozzi et al., 2001
Rinaldi et al., 1995



~_Literature review : different forms of mucilage

> ;2 B R -
A B T ¢ A L ‘
iR AR
K ¢ teas At AIERE .
% : "
>

\ Y Macro-flocs (1 to 5 i "~ Stringers (2 to 20 cm)

¢m);;$4--------;-;'i;_..-.-’-;...;-;-'._.-.,,.cm'),. ......... SAt e AL AR R C RN e S

Youngest form;»!.'_. 3 'é'f_'-',;- - :",f; -
M A

= : 2 S e
%: !:‘;: g .

o FA_ % :

S e S m g ——-rs Oldest form

'd

B, SR TR
roclimatic conditions (Wave, wind, hydro’dynamism.‘

Biological diversity Surface lift

Sedimentation

Bad
TN

False bottom







Resear'ch pr'ogr'am 2013-2017 : sampling strategy

.....

Tarnos Coastal station Adour Continental inputs
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'Research program 2013-2017 : Sampling strategy

3iogeochemical background
(nutrients, pigment, POM, DOM)

Physicochemical background
(CTD Profiles)

- Hydroclimatic background
(Adour river flow, Swell, wind,

J’V"'USGS, St e J solar irradiance, ...)

v Heterotrophlc mary production
prokarjotes % Primary
JAuto’trophJc p1c§ | Surrounding production,
nanoplanktor™ water F v Nutrient Bioassays

v Cyano bacteria

 Optical microscopy
v'Nanoplankton,

v Microphytoplankton,

v Microzooplankton, ‘{TEE;’ g

Femtoplankton Picoplankton Nanoplankton Microplankton Mesoplankton
(0,02 - 0,2 pym) (0,2 - 2pm) (2 - 20 pm) (20 - 200 pm) (0,2cm - 2cm)

 Exudation
processes

Bacterio and Cyanobacteria
Virioplankton phytoplankton Cryptomonads and Phyto and zooplankton Zooplankton
QD 0 ‘ 1 |1 ()
_-“_-M—h‘ . . W o e W -‘_“M_‘AM—
Flow cytometry Both Optical



Processes : Primary production

Is there a link between mucilage occurrence and phytoplankton biomass ?
ong presence : June 2013 , October 2013, March 2014
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. Planktonic assemblages in relation to mucilage ?

1 Wthh functlonal groups and size classes are associated to mucilage occurrence ?

> Strong presence po;i—tively correlated with seasonal microphytoplankton abundances ‘ Iue
KW test = 0 017)

>MSe ce negat
AT e g
> Strong presence’ posmVely correlated with seasqnal dlatOmS abundances (p value KW test = §

- -

. - ‘ -
L .,.’- ':'.'.'",' 4'.-_"" '

orr olgt rdOLvle;t’ onal abundance ag£ Synechococcus sp. cyanobacteria

‘v
..\

3 Which diatom spgcres are assocrated tQ muc:lage events A

> 99 mlcrophytoplanktoﬁ‘ taxa ldentlﬁed Dlatoms (46),- Dmoflageuates (47)

4-.. -k - J-“

1/51183) ssouepunqgy

Mucilage code abundances
No sampling




. Planktonic assemblages in relation to mucilage ?

800 000 Ceratoneis
closterium

700 000 Pseudonitzschia (<25 pm) -

B2
600 000

500 000

Leptocylindrus . . -
400000 Thalassiosira Diatoms abundances increase with

300 000 o gravida mucilage strong presence
200 000 - . - .
» Different dominant species depending
on 'season
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100 000

A

B Anomoeoneis sp. M Asterionellopsis formosa M Asterionellopsis glacialis M Bacteriastrum hyalinum M Cerataulina pelagica

m Chaetoceros affinis W Chaetoceros danicus M Chaetoceros decipiens M Chaetoceros sp.

m Coscinodiscus sp. m Dactyliosolen fragilissimus M Diatomavulgare M Diploneis sp. | Fragilaria sp.
W Grammatophora marina m Guinardiadelicatula E— W Halamphora coffeaeformis mHasleasp.

Hemiaulus sinensis M Lauderiaannulata Leptocylindrus minimus M Licmophora gracilis

M Licmophorasp. Melosiranummuloides eramemnmo Naviculasp. Nitzschia longissima

Nitzschia sp. Paralia sulcata 0siemas<n W Probosciaalata Probosciaindica

M Pseudo-nitzschiagroupe B1 sel e B2 Rhizosolenia fallax P
> . *
p o O U1 \J AU JC

L Positive correlation betwe . oot



_ Planktonic assemblages in relation to mucilage ?

4 Wthh diatom species are involved in mucilage formation ?
- » Sorting Abundance/ PERMANOVA/ INDVAL — Indicator species of strong presence of mucilages
" 2

7 DIATOMS 4

Leptocylindrus djic
IV=0,879 (p-value=§ P=,

"‘ s P

'P\-
S

Pseudotmtzschm BZ -

~

group ;. a3 : ‘,' » s
1V=0,599 (p\va'lue 0,01) e -
3 J‘ ‘;“.—:{”‘ ;~ .
Navrcula‘Spp i

IV=0,584. (p-value=0 3,03)

Guinardia Guinardia flaccida

delicatula IV=0,635 (p-
IV=0,526 (p-value=0,04)value=0,01)

Leptocylindrus minimus
IV=0,582 (p-value=0,03)



_ Planktonic assemblages in relation to mucilage

5. Which mesozooplankton indicator species of mucilage strong presence ?

> Siphonophora Diphiidae .
IV= 0,678 (p-value=0 00} -> Cmdarlans ............................... et ™ .

}:ki__ S

> Olkopleura sp:
V=0 q38 (p*vgl'ue=é 01) => Appendlcularlan

" “ - - -
» -'.1 . " .. =S 5‘
'&, & e 1 O -;‘: o et
‘ T.k. ‘} -.-‘ - . o - -w
‘ \ > PP P -
R 2O xR = v{
> Sagitta sp. - taf

.1V= 0,603 (p-value=0,06) => Chae}bgnath

> Oncaea sp.
IV= 0,588 (p-value=0,05) => Copepods

Gelatinous species
Link with climate change ?

© Manie-Notlle de Casamajor




Unbalanced ecosystem ? Trophic conditions

Ratio N/P Ratio Si/P

[N]>>>>[P] [Si]>>>>[P]

. ; o %,
Ratio Si/N < a S - : k- =

Unbalanced nutritive conditions

[N] > [Si] St Y
Limitation of primary production

Limiting nutrient P > Si > N




Processes ? Primary production controlled by nutrients

& PP positively correlated with strong
mucilage presence

-
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%, Nutrient limitation of Primary
production

June- july 2013

October 2013
March 2014
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“ Whichfutrient is controlling primary
production ?

@ Absence O Weak presence @ Strong presence

-8~ Primary productioninsitu  =-= Primary production + NPSi




Processes ? Primary production controlled by nutrients

% No N limitation of primary
production

% No Si limitation of primary
production

% P limitation of primary production
in
June- july 2013
October 2013

March 2014
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% P concetrations controls
primary production (p value
Pearson = 0,0011 )




Phytoplankton exudation ?

0
o

S N EPS before NN TEP

~N
o

2

u
o

& EPS positively correlated with P
limitation of primary production (p
value Pearson test = 0,042)

H

[TEP] (Equivalent Xanthan pg/l)
w
o

[EPS] [Equivalent glucose mg/1)

N
o

% TEP positively correlated with
strong mucilage presence (p value
Pearson test = 0,013),
~microphytoplankton (p value Pearson
test =.0,038) and diatoms abundances
“(p value Pearson test =0,037 )

7
Q
(]
c
©

©
5

(&)

e
5| S
Q

B
S| 8
ol O
w| <

©

'O

=

=
o

o

Absence O Weak presence @ Strong presence

e EPS -&--TEP

& P limitation of primary producti




N—— CONCEPTUAL MODEL of MPM

Air and water temperature
High N/P ratio«

» P limitation of
/ primary production

Nutritive stress Extra-cellular polysaccharid

Substances (EPS)
Phytoplanktonic biomass A LR
(Chlo) s
and diversity (Diatoms, EPS )
producers...) P il W
SR

Colloidal

Wind direction Coastal front (River mouth)

Coastal currentology Pycnocline (River

(gyre) discharge)
Currentology

Swell

Wind speed\

<

Pelagic mucilage







Impact on fisheries : yield

* Sampling of 27 pelagic and 60 demersal straight net from April to october

* Recording
> pet characterlstles lenght, height, mesh, duration, all catches (commercial and non commercial)
> Mucilage presen’ce absence, low presence, strong presence

Pelagic straight net o 3 Demersal straight net

our)
1et/hour)
o
°
=
o

net/h

4
=)
S

Fishing yield (Number of fish/m? r

=
]
k]
2

s
4
k-]
>

2

Fishii

o
°
S

« Significative decrease of pelagic straight net yields between low and strong mucilage presence (p value
Wilcoxon test = 0,0003)

* No significative decrease of demersal st
0,5)



Other impact on fisheries

» Degradation of working and hygienic conditions
" 4

o
e

. Defmatological irr",tait{)ns : Itching, burns, urticaria

- Reduction of expl »Sble flshlng areas

..;\', e g
l'.

. Impact (o] 9] specms o<f ﬁshel‘y rnterest YA -

> Bonito (Saré"a sarda) G‘rH cloggﬁ‘ig ,_-,;".-.-
p E e '. )‘(‘ 2 -

-——

> Small pelagic spec1es (Ancho,vy, ssm’dme* ) muc1|age founcl in stomach con

J o

-

> Many eggs and larvae trapped into mucous r'na’fri—'



Impact on microphytoplankton biodiversity

Shannon index Eveness index

T

—

o

Shannon Index
o
o]
Eveness Index

e
o

o
FS

o
w

o
N

o
-

Absence Weak presence Strong presence : Absence Weak presence Strong presence

Mean + Minimum/Maximum Extreme value 1 + Minimum/Maximum

» During strong presence mucilage period

> Significant decrease of diversity (| Shannon Index, p value KW test = 0,025)

> Significant increase of dominance




e Tourism :

. Flshmg

Other impacts in Adriatic

- 60 % of tourist arrivals in Rimini in 1991 (Becheri, 1991)

> Loss of nets (Inamoratl 1995)
S Stoppage of flshjn activity (Calvo, 1995)

> Financial co

 Species of fishing ih: ’
> Change on t7he spann‘gJeglon of anchovy (Kraus &~Sup1c, ?_011
> Drop on survijval offiar\fal stages and adult fishes (Régner, 1996)

- > Drop on hatchrng success rate of- pelaglc fish eggs (quldl 1995)-

> Settling to thwé;\bottom death-of.bwa‘l’ve’ moLsca anq,aff“e'cthrUStaceans eggs and larvae of

satlon by EU (29 M€) (Ecopharm, 2003)

- - -
" -y

bottom dwelllhg’fi‘sﬁdpeclei Rtnaldi 1995) -

* Modification of the Carbone cycle (Leppard 1995) ,;\ -
 Negative effect on benthic ecosystems sucha as oxygen def1c1ency, ‘mass mortahfles sponge
‘necrosis and other benthic organisms and trophic disruption (Precali et al.,
; Schiaparelli et al.,

o~ 3

« On the marine ecosystem = 4’-"' |

o
~

2007; Giuliani et al.,

J\ - 5

.

2005; Metaxatos et al.,

/.;*

; Regner, 1996 ; Dulcic, 1997)
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2005; Rinaldi et al., 1995 j iiectamus it A0S

2003).

RO,






Retrospective study

B Data collection and analysis

v Meteorological station of MeteoFrance in Biarritz
= Daily mean air temperature (1956-2014), daily maximum wind speed and direction (1973-2014)
7

5
v Riverine mqu;s’géf Adour river
= Daily disc‘gz‘es (1956-2014) and monthly nitrogen and phosphorus concentrations in Urt (1976-2013)

v Coastal watgr‘*bodles A At e <

= Daily swell ; Anglet data buoy (2009- 2014) (CEREMA/IVS) and replay of climatic conditions by numerical simulations (SIMAR -
Puerto del estada$ (1-958-2009) (vs): - x-
= Monthly temperatur salmlty, Qutrlents and chlorophyll 1n Sea surface in St Jean de Luz (1976-1979) and (2007-2014)

2. daily Mucilage Hydrocllmatlgllndex (MHI) Creatlon cempesﬂ:e lndex based on
k -

MHI = (Solar lrradlance** Afr ma-x temperature) / (Adour river discharge*Swell)

.l'

High value MHI = Antlcyclomc condltlon + calm-sea moderate Adour dlscharge
Low value MHI = Low pressure conditions + rough sea + high Adour discharge

3. Statistical processes

v" Continuous time series : Anomalies of each parameters = graphical descriptive approach and Hubert segmentation test
(Krhonostat) = significant changes in time series

v Discret time series
= Boxplot (XL Stat) = graphical descriptiyg.g

© Marie-Noglle de Casamjm




1959 - ACTUAL Mucilage hydroclimatic Index

MHI 1} since 1989

RN | . I -

1959-1988 1989-1990 1991-2014
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M Négative M Positive

The evolution of abiotic parameters drlvmg mucﬂage formatlon may promote their increasing abundance and
residence time recorded by fishermen since the early 20005 = ©

Phosphorus | Nitrogen — Silicon 1 = N/P & Si/P ratios 1 (unbalanced nutrient supply) = N Phytoplankton
Exudation

Pycnocllne formation 1 = Accumulation/

Air temperature | = Sea Surface temperature

River discharge | = Sea surface salinity | @ M}M\ﬁ!’h (‘*% Casamm

Wind speed | = Swell | = hydrodynamism—




It’s a
ciliate !!!

Thanks for youf attention !

Nicolas SUSPERREGUI - CIDPMEM 64-40




