BIOTA cruises in the Adriatic Sea
Bio-tracing Adriatic Water Masses
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eSurface area 138 600 km? i volume 35
000 km3

e Northern Adriatic (15 m Trst-Venecija)
e Middle Adriatic, Jabuka pit (270 m)

e Southern Adriatic, Southern Adriatic
pit (1200 m)

e Otrant (780 m), water exchange with
lonian sea

eThe most northern Mediterane
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Table 2. Biological records and changes in WNIG ciroulation.

Diate COrgamism (oype) WIG ciroulation Femarks
1982 Schedophihe ? Present in the Whied Beported in the
mednsophazns (fsh) cepiral Adrizns (Coofd, 1588)
end of 1980%  Copepod commmnity reversal from Changzes of the entire copepod
(mesozooplankion) cyclomic fo andoyclomic  conmmamity W the Gulf of Tneste
(Coovarsl f al., 20087
1043 Diesmopienzs anticyclomic Conmnon in the Atlantic and
papilie (gastropods) fond o the open South Ad-ate,
off Dubrovmik (Batsnl ot al., 2004)
1823 Pelazobia lonsicimata anficyclonic Conmnon m the mopical Asdlantic snd
(polychee) foand in the open Sowh Addsnc
i(Barstd eral, 2004)
1945 Wbnzgizea stlanrica anficyclomnic Typical of the Whiad It was repomed
{lrydrozoan) fior the first dme in 1995 o the coasmal
southeastern (Gamnlm and Ersimic,
20000, and cenmsal Addanc (Badsoc,
2007), then imaded the Morth Adrizte
(Erfini¢ and Mjire, 2001)
end of 19005 Total copapad, reversal from Chanzes in the amdsnce of some
in partcular snticyclomic to cyclomic  species (Comversi et al, 2008)
Paracalamms pariis
(mesazooplankion)
3002 Sigamms mivulams (fish) oy lomic Lessepsizn migrator, recorded m the
Zourh Adriztc
(Delif and Pallaoro, 2004)
20 Frzmlama oy lomic Lessepsizn roigrasor, caught off the
commersonnd (fsh) coastal warers in Souwd Adratc
(Dralfig et al., 2007
20 Thysanoteuthis rhomabms  oyclondc Consrderad a “slow swimmer™ (harfos
{cephalopode) et al, 2008), o was inmoduced in
the Morth Adnagc probably Tom the
Levantineg basin
2007 Tharapow taraps (fsh) cyclionc Lessepsizn migrater. Caphuged of

Piran, Slovendz (Lipej ot al., 2008)




Plankton

Plankton - organisms dipersed in the water column, passivley driven
by water currents

Phytoplankton

Zooplankton




e 71% oceans

e 66% open ocean




e ASSUMPTION (by R. Andersen, modified by S. Bosak)
~ 10° cells per 1L

Photosynthetic layer = 100 m

Ocean surface area = 3.6 x 108 km?

THEN...

There is 10 23 cells in ocean!!!!



10 %3 cells

Average diameter 2 um

* THEN...

If we would have all the cells in a line, the
lenght would be from the earth to te

moon and back 10 miliard times !!!!



If we doitin 2D...




7.5cm x 30 cm x 400 000 km!!!!

Distance from Earth to Moon!!!!




1 board gets eaten every day!!! Eaten by predators — ciliates,
zooplankton, fish, whales...

Feeding the the hungry ocean!!

Marine ecosystems much more sensitive
from terestrial




. _ Cyanobacteria - Prochlorococcus &
Picoplankton - oligotrophy

Synechococcus i picoeukariotes




Sallie W. Chisholm
(Massachusetts Institute
of Technology, USA)

Kingdom: Bacteria
Phylum: Cyanobacteria
Order: Synechococcales
Family: Synechococcaceae
Genus: Prochlorococcus
Species:
marinus
Chilsom et al., 1992
_ Gr. noun
Gr. ad] coccus =
chloros= parr
green
Gr. pref. Pro
[cell size: 0.5 - 0.7 um] nm - before
Electron micrograph of a thin section (primitive)
of P. marinus (strain CCMP-1375;
Chilsom et al., 1992). “Little

greens”



llM ighty”
Prochlorococcus

v’ Seawater microbial picoplanktonic organism discovered 25
years ago

v’ Present in trillions: annual mean global abundance of
Prochlorococcus in the world oceans reaches 2.9 £ 0.1 x
1027 cells (oligotrophic environment)

v’ Accounts for 20% of total oxygen production on Earth 2>
“lungs” of the ocean

v' DOMINANT and TINIE




Global distribution of
Prochlorococcus

s B Bkt

! | | | |

3,000 10,000 50,000 100,000 ce
[cells mL

']

v' between 40°N
and 40°S 2
warmer
oligotrophic
oceans

from the
surface up to

depth of 200
m

Flombaum et al., PNAS



Photosynthetic

Prochlorococcus spp.
apparatus:

Light No Phycobilisome!
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Cytoplasm

Divinyl chlorophylls a, b

Biller et al., Nature Reviews



Photosyntheti$
rochlorococcus spp.
apparatus:

Light No Phycobilisome!
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Divinyl chlorophy@

Cytoplasm

Prochlorophyte
chlorophyli-
binding protein (Pcb)

Biller et al., Nature Reviews
Microbiology, 2015



Pigments:

200

300

divinyl chlorophyll a
(Chl a2)

divinyl chlorophyll b | > (5tio Chl b2/a2 /\

(Chl b2)

White light (all colors
Colors separated
for visualization
Wavelength

300 400

)
500 600 700 800

(nm)

© 000 @ @

Y
Prochlorococcus
Ecotypes:

HL = “high light” [25-100m

depth]

—low Chl b2/a2
— . ” [80 — 200 m

LL = “low light depth]

- high Chl b2/a2

light requirements, nitrogen
and phosphorus utilization,
copper, and virus sensitivity




Biomarker pigment divinyl chlorophyll a as a tracer of water masses?

Maja MejdandZi¢t, Hrvoje Mihanovi¢?, Tina Silovi¢3, Jorijntje Henderiks#, Luka
Supraha®, Dorotea Polovi¢?, Suncica Bosak?, lvana Bo$njak?, Ivona Cetini¢é, Goran
Oluji¢’, Zrinka Ljubesié!
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Global distribution of specific phytoplankton species is a response to the ecological
parameters (eg. temperature, available light, nutrients, etc)

Water masses are characterized by specific values of tempearture and salinity

BIOINDICATORS




Prokaryote Prochlorococcus

SEM HV: 7.00 kV WD: 12.21 mm . MIRAW TESCAN

SEM MAG: 60.71kx  Det: BSE + SE 2um
Name: emiliania 2 Performance in nanospace n

Coccolithophore : Emiliania huxleyi i/ili Gephyrocapsa
oceanica
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v’ Recent studies:

detection of tropical
or subtropical
species =2 influence

of global warming!
(Coll et al., 2010;
Lejeusne et al., 2009;
Mella-Flores, 2012)

v" Southern Adriatic =

LIW = Levantine Intermediate Water

NAdDW = North Adriatic Dense Water

AdDW = Adriatic Dense Water

hot spot for climate
change
investigations


Presenter
Presentation Notes
Adriatic Sea, the northernmost part of the Mediterranean, is a semi-enclosed oligotrophic dilution basin. 
The most influenced part is southern Adriatic through inflow of saline and warmer water from Mediterranean represented mostly as the Levantine Intermediate Water (LIW) 


1. Bio-optics

Higher backscattering

Phytoplankton population 1

Temperature (-C)
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3. Zooplankton

FL3 - Red Fluorescence

1000 ;

33 335 295 30 "Sag_ 31 315 324 325 33

Salinity (péu)

Phytoplankton population 2

Lower backscattering

2. Phytoplankton

a) LM, SEM

b) Flow cytometry

a) Molecular identification

1000 ;

a b

Lo :
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" —a—— “bright”
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FSC - Forward Scatter FL2 - Orange Fluorescence

4. Biomarkers
HPLC

26.348




@/ Measuring phytoplankton

@ * Molecular tools
— 18s and 16s rRNA
Imagery

— Continuously + vertical = Optical in-line measurments

profiles on the station

* Flowcam, Imaging flow < lint ti f
cytobot, Holographic (3- nteraction o

D) camera, classical light and particles

microscopy
+ Calculation of Carbon /phytoplankton
— Absorption

— scattering

* Continuous
system (wetlab)
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« @ Measuring phytoplankton

Imagery

— Continuously + vertical = - —h .

- X = B2 L B

profiles on the station Lﬂ !'L‘l-‘
* Flowcam, Imaging flow TR

n
cytobot, Holographic (3- 3 ‘ b~
D) camera, classical

microscopy

« Calculation of Carbon



Diatoms

image002 image005 image016

image025

image053

Buri¢ et al 2007, Nova Hedwigia



COMB hellenica type HOL hellenica type
HET

Calcidiscus leptoporus

HOL oblonga type HOL pirus type

racosphaera pulchra

HET
Syracosphaera halldalii

Supraha et al 2015, JPR

Syracosphaera arethusiae
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gp|28| Nannochloris sp. 5-RCC9

PMFPPE9

30 PMFPPE4

54| PMFPPES1

Uncultured eukaryote clone HAMb1_020 2

Nannochloris sp. 2-RCC13

Chlorella sp. RCC368

Picochlorum sp. RCC289

Trebouxiophyceae sp. DJS-2004

55 Uncultured phototrophic eukaryote clone MAR1_15m_M6
Chilorella sp. UMPCCC 1222

_gg[l Chlorella sp. UMPCCC 1231

83! Picochlorum sp. RCC475

100 _:Eh!oreﬂa sp. UMPCCC 1238
39
97= Koliella spiculiformis 3

Trebouxiophyceae sp. UMPCCC 1235
Chilorella sorokiniana HTA1-65

Koliella planctonica

8oy Chlorella vulgaris S708
721 Chlorella vulgaris S707

100] Picochlorum sp. RCC1034
Picochlorum sp. RCC945
Picochlorum sp. RCC846
Uncultured phototrophic eukaryote clone MAR1_15m_M13
Uncultured phototrophic eukaryote clone MAR1_15m_M14

Chlorella vulgaris 211-1e

Tetraselmis sp. RCC500
99y Pycnococcus sp. RCC521
Pycnococcus provasolii CCMP1199

100

100§ Pycnococcus sp. RCC730
57 Pycnococcus sp. RCC733
Pycnococcus sp. RCC1495
Pseudoscourfieldia cf. marina RCC261
Pelagomonas calceolata RCC 979
Pelagomonas sp. RCC705
Pelagomonas calceolata RCC 1035
Pelagomonas calceolata RCC 873
Pelagomonas calceolata RCC 1051

57|
72

100

71

- Rhodomonas abbreviata

00 Pyrenomonas salina
59 Storeatula major CCMP320
38 Pyrenomonas helgolandii
49 Proteomonas sulcata

100" Proteomonas sulcata CCMP1175

0.005

Bolidomonas sp. RCC206
51 Bolidomonas mediterranea RCC 239
Bolidomonas mediterranea RCC238
Bolidomonas pacifica RCC 210
Bolidomonas sp. RCC1730
Triparma laevis Tlsp2

5 |ﬂ| Bolidomonas pacifica RCC 216
6

100[ Pelagomonas sp. RCC970

Pelagomonas calceolata RCC 968

Pelagophyceae

Bolidophyceae

Triparma strigata TS
Triparma verrucosa TV

Cryptophyceae

Trebouxiophyceae

Prasinophyceae clade IV



Back to Adriatic....

Winter 2015
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1. Picoeukaryotes
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Picochlorum sp

‘Growth rate Nannochioris p.

i

Number of cells {cells mL 1}
LI . |

L]

L]

Mejdandzi¢ & Ljubesié, in preparation

Picochlorum sp. UTEX 2491
Picochlorum oklahomensis
921 Picochlorum sp. UTEX 2378
Nannochloris sp. MBIC10208
PMFPPE11+
a0l - PMFPPEQ »
Picochlorum sp. RCC115
Nannochloris sp. RCC 011
Picochlorum maculatum
Nannochloris sp. MBIC10053
Nannochloris sp. MBIC10091
Picochlorum atomus CCAP 251/7
Picochlorum eukaryotum SAG 55.87
Picochlorum oculatum UTEX:LB 1998
Picochlorum oculatum
Marvania coccoides
100 Marvania geminata
Marvania sp. JL 11-11
Gleotila contorta
Gleotila sp. JL11-10

94 Chlorella vulgaris SAG 211-11b
|_|:mracﬁmum pusillum SAG 13.81

Koliella sp. MDL5-3

Nannochloris sp. JL 4-6
Nannochloris sp. AS 2-10

Chlorella sp. Yanagocha RA1

85k Nannochloris bacillaris

| Pseudochloris wilhelmii SAG 55.87
100! Chlorella minutissima C-1.1.9

Freshwater

Closteriopsis acicularis

b) c*Pﬂ)(:l(‘.l PE00  P300 P150 P100

-1000

200- 008
= o [ oos
N 600 | |o0s

800+ + I 0.02

Chla(uglL)

00— 0

175
15
1.25
E 1
N 600 - |05
8001 Picoeukaryotes | %%
3 -1 0.25
(x10"cells L)
A0 ——————— 0
175
15
12.5
10
75
-800- Picophytoplankton | |°
Sigma-t (kg m”) 286 (x10° cells L) 25
L 285 1000 - 0

5

10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Distance (km) Distance (km)

Marine/Saline



2. cyanobacteria (Synechoccos, Prochloroccous)
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3. Penate diatomes 0 : Nitzschia sicula (Vilici¢ et al. 1994)

Batistic¢ et al 2012
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Entomoneis tenera sp. nov., a new marine planktonic diatom (Entomoneidaceae,
Bacillariophyta) from the Adriatic Sea
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Fiaures 1C1a%npli.’gc'}}gc3qs|§5°%a1%h§ of Entomoneis imbecillis live cells

Campylodiscus clypeus L951
Surirella sp. DA1

Surirella splendida 19C
Stenopterobia curvula L541
Surirella minuta UTEX FD320

Cymatopleura elliptica L1333

Surirellales

Entomoneis ornata 14A

Entomoneis sp. CS782

100 Entomoneis sp. PMFEN3
Entomoneis sp. PMFEN1
100

Entomoneis sp. PMFEN2

82

Rhopalodia sp. 9vi08.1F.2
Rhopalodia contorta L1299
Rhopalodia gibba CH155
Epithemia turgida CH154
Epithemia argus CH211

Rhopalodiales

Epithemia sorex CH148

Denticula kuetzingii UTEX FD135

Bacillaria paxillifer UTEX FD468

Hantzschia amphioxys var. major A4
Cylindrotheca closterium CCMP1855

Tryblionella apiculata UTEX FD465
Nitzschia filiformis UTEX FD267

Eunotia ialis UTEX FD46

100

Figures 13-17. SEM micrographs of Entomoneis imbecillis. Scale bars: 10um
-13;5pm- 15; 2pm- 14,16,17

0.02

Figures 18-24. SEM and TEM micrographs of Entormaneis imbecillis. Scale bars:
Spum-21; 1pm-18,20,22,.23,24: 2um - 14,16,17,19

Eunotia pectinalis NIES461

Bacillariales
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