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Abstract. Thispapempresentalong-termtime serie1986D
2005) of hydrological and biogeochemicablata, both pub-
lished and unpublished. Data were collectedin the north-
westernareaof the Adriatic Sea, at two stations that are
considerediydrodynamicallyandtrophicdly different. The
time serieshave beenstatisticallyand graphicallyanalysed
on a monthly scalein orderto studythe annualclimatolo-
gies, links betweenthe conentrationsof chloropltyll-a and
the variability in the ervironment, trophic differencesbe-
tweenthetwo areasandchloroptyll-a trendsover time. Ba-
sically, the two areashave similar hydrologicalfeaturesyet
they presensignibcandifferencesn theamountof nutrient
inputs: thesearein fact higherat the coastalsite, which is
characterizedby a prevalenceof surfaceblooms,while they
are lower at the offshore station, which is mainly affected
by blooms at intermediatedeptts. Nonethelessthrough-
out the whole water column, chloroplyll-a concentrations
areonly slightly different. Both areasare affected by river-
ine dischage, thoughchloroplyll-a concentrationsre also
driven strongly by the seasonatycle at the stationcloserto
the coast. Resultsshav that the two stationsare not troph-
ically different, althoughsomecontrolling factors,suchas
zooplanktongrazingin onecaseandlight attenuatia in the
other may further regulatethe growth of phytoplankton.In
both caseso signibcantrendsaredetectedn eithertheav-
eragechloroplyll-a valuesor in dispersionof the data, in
contraswith signiPcantrerdsin temperatur@andsalinity.

1 Intr oduction

The NorthernAdriatic Sea(Fig. 1) is a shallov shelf basin
with an averagedeph of 35m anda prevalent cyclonic cir-
culationof watermassegArtegianietal., 19973. Theareas
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largely affectedby riverineinputsthatprovide the basinwith
a signibcant3ow of freshwater and land-derved nutrients.
The Poriver is by far the largestltalianriver: in thelast 20
yearsit attaineda meandischage of 1465m3s' 1 with high
intra- and inter-annual variability (st. dev.=1056m3s' 1),
with peaksin May, mainly due to snov mdting, and in
OctobeBNwember becauseof high precipitation(Fig. 2).
Furthermore the Northerncoasthas several smallerrivers
that contritute to the overall Bow. Consequentlythe hy-
drodynamicf the NorthernAdriatic Seaare quite comple
andstrongly affectedby large variationsin heatfB3uxesand
thevolumeof incomingfreshwater(Artegiani etal., 19973.
Generally a temporalsuaessionof two differenthydrody-
namicpatterndhasheenrecognizedbetweerNovemberand
March,thewestrnmostwatersaredilutedmainly by the Po
River outBov andremainsemratedfrom the highly saline
andvertically-mixed offshorewatersthanksto a frontal sys-
tem located 8D1e&km from the coast. The dissohed and
particulatematter comingfrom the land, thereforeremains
moreor lessconbned.BetweenApril and Octdber, warmer
watersdiluted by freshwaterinf3ows areconbné to the sur
facelayerandreachalmostall of the Northernbasin. Dur-
ing that period,one or more pycnoclinesseparatdéhe water
massef intermediatedensity while the high-densitywa-
ters are conbnednearthe bottom (Artegiani et al., 19973.
Recently Jefries andLee (2007 have shavn thatthe loca-
tion of thefrontal systemis highly dependenbn thetype of
physical forcing affecting the Po plume. Grouping histor
ical dataof Po rates,wind velocity and ambientstratibca-
tion into dominantdynamics,nsteadof seasonascale they
found that fresh blamentsextend acrossthe NorthernAdri-
aticduringBoraeventsandthatPowatersspreadextensvely
offshorealsoduring high-dischage, strongy stratibedperi-
ods.

The northern Adriatic is one of the most productve
Mediterranearregions (FondaUmani et al., 2005. Phyto-
planktonabundanceanddistribution is largely dependenon
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Fig. 1. Studyareaandlocationof the samplingstationsC10and
E06.
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Fig. 2. Monthly meanand variability of the Po river dischage
(daily datafrom OMagistratael PoOParma, Italy).

nutrientsandlight availability, but also on the stability of the
watercolumn. The large periodicmodibcationin the struc-
tureanddynamicsof the NorthernAdriatic Seacausedarge
spatial and temporaldistribution of phytoplankton species
composition biomassandproduction(FondaUmani, 1996.
A generalwest-to-eastdecreasinggradientin the phyto-
planktonstandingcrop and productionhasbeenrecognized
in winter, while during summerstratibcatiorthe lateralad-
vectionof river run-off in surfacelayersandthe presencef
marked pycnoclinesresultin vertical heterogeneitieandlo-
calvariationsin primaryproductvity (FrancoandMichelatg
1992. Primay productvity, representingheimmediatere-
sult of interactionsamongphysical, chemicalandbiological
variablesgivesa dynamicoverview of theervironment,and
is thereforea valuabletool for following the comple effects
of freshwaterinputs in the Northern Adriatic system (So-
cal etal, 2002. Although therehave beensomeprevious
large-scalespatialand temporalstudiesthat focusedon the
hydrological (e.g.,Artegiani et al., 1997ab; Raicich 1996
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andbiogeahemical(Zavatarelliet al., 1998 characteistics
of the Adriatic Sea,researchnto the inter andintra-annual
variability of the Northernbasin productvity relatedto its

hydrologyis still scarce.

In a short-termstudy Mauri etal. (2007 relatedMODIS
chloroplyll concertration (chla.a2)in the northernAdriatic
Seato Po dischage rates and local wind forcing. They
found a signibcantcorrelationbetweenthe North Adriatic
opticalpropertiesandboththe Poriver dischage andthe lo-
cal wind forcing. In particular the WesternCoastalLayer
(WCL) width, the structureof the Po river bulge, and the
plumeextensionweresignibcantlyaffectedby both factors.
SinceMODIS includesalsothe the contribution of CDOM
andmineralparticles,their resultsare, however, of difpcult
interpretationasthe auttorsalsomentionedn their paper

Overthepastyearsthe North Adriatic hasbeennegatively
affected not only by eutrophicationphenomengDegobbis
etal., 2000, but alsoby the apperancef massve mucillage
aggrgatesandanoxicepisodegPrecalietal., 2005. Recent
studieshave reporteda rise in watertemperaturde.g.,Corti
etal., 1999, in the MediterranearSea(Rixen et al., 2005
andin the NorthernAdriatic basin(Russoet al., 2002. Not
much data analysis,apartfrom model experiments(Vichi
et al., 20033, hasbeendone, however, on the quantbca-
tion of chloroplyll-a responseo the changingmeteorologi-
cal conditionsin the Northern Adriatic Sea.

We presentherethe anaysis of 20 years(1986D2005pf
physical, chemicaland biological data, both publishedand
unpublished,collectedat two stations,that have operated
sincethe beginning of the twentiethcentury(Fig. 1). Many
authors(e.qg., Alberighi et al., 1997, Pugnettiet al., 2003
2004 BernardiAubry et al., 2006 have classipedEO6 as
a stationthatis inBuencedby the Poriver run-off andchar
acterizedoy meso-eutrophievaters,while they have repre-
sentedC10 as a meso-oligotrophicstationthatis only par
tially inBuencedby the Po river dischage; the latter oc-
curs particulary during intensestratibation periods,when
the Po plume eventually turns north-eastwrds. In particu-
lar, whereasAlberighi et al. (1997 referredto the two sta-
tions as trophically different, Pugnettiet al. (2003 could
not typify a signib@nt differencein community composi-
tion, because prevalenceof tolerant specieds obsenedin
the whole areaof the North Adriatic Sea. BernardiAubry
etal. (2006 concludedhatthehydrologicalandtrophicvari-
ability seemednainlyto affectphytoplanktonalundanceand
biomasgatherthanspecis composition.

Themainobjectivesof thiswork are:

(i) tocompareC10andEO6annuaklimatologieswith par
ticular regard to chloroptyll-a variability, in order to
conbrmor rejectthe hypothess of two very different
trophicareas.

(ii) torelatechloroplyll-a to otherhydrologicalandbiogeo-
chemicalvariablessoasto identify the principalfactors
inBuencingphytoplanktondynamicsin bothareas.
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(iii) toanalysdong-termvariationsin chloroplyll-a dynam-
ics at the two stations eitherhighlighting or excluding
possibletrendsrelatedto climate changeand/orto an-
thropogenigressures.

Studying the phytoplankton biomass, using the
chloroplyll-a concentratioras an indicator of the standing
biomass,we aim at providing a further contritution for
better understandinghe northern Adriatic biogeochemical
variability, its effectson the productiity of the restof the
Mediterranearasins anda statisticalmethodologythatcan
beusedin otherareasof the MediterranearSea.

2 Sampling and methods

ThesamplingstationsC10(45 157007N, 12 46*00%E), and
E06 (44 57 50"N, 12" 467 20%E) arelocatedabout20 and
10nauticalmilesfrom theltalian coastandhave amaximum
depthof 295 and32m, respectiely (Fig. 1). Chloroplyll-a,
dissohedinorganicnutrientsandoxygensanplesweretaken
at bxed depthsof 0, 5, 10, 15, 20, 25m (standardevels,
SL). Samplesverecollectedmonthlyfrom April 1986to Au-
gust2005,during differentcruisesandsupporte by different
projectfunding. Becausef thehigh short-termvariability of
the Adriatic ervironment,we decidedto analysethe dataon
the smallestavailable scale(monthly), evenif, in doing so,
thewinter monthsarelessrepresente@ig. 3). Thedatafre-
queny shavs adifferentamountof samplegor eachmonth,
while in the samemonththe numberof samplesrom both
Cl10andEO06 is comparable.For eachstationwe analysed,
at every SL: tenperature salinity and density obtainedus-
ing a CTD probe;samplesf nutrients(N-NH3, N-NO2, N-
NOs, Si-SiOy, P-PQ), dissohed oxygenand chloropltyll-a
usingNiskin andNanserbottles. Dissdved inorganic nutri-
entswere analysedaccordingto the methodsdescribedby
Stricklandand Parsons(1972 and Grasshdf et al. (1999,
dissohed oxygen by the Winkler method(Winkler, 1914,
while chloroplyll-a wasassessedccordingo Holm-Hansen
etal. (1965. In theend,564samplesrom C10and530from
EO6werelRuorometricallyanal/sed.
Statisticalanalysegdescriptve, non-parametricprincipal
componentnalysisand partial regression)were performed
using commercialsoftware (Statisticaby Statsoft). Testre-
sultswereconsideredsignibcantt pblevel < 0.05,very sig-
nibcantat pblerel <0.01 and highly signibcantat pblevel
<0.001. The powerful non-parametridVilcoxon Matched
Pairs testwasusedto comparethe biogeochemicaleatures
betweenthe two sampledsites. A comparisorbetweenthe
vertical distribution of chloroplyll-a in the watercolumnat
the C10 and E06 stationswas carriedout by Whisker plots
and the signibcanceof the resultswas testedby the non-
parametridVilcoxon Matchel Pairstest. The correlationbe-
tweenchloroplyll-a and other physical and hydrochemical
variableswas studiedusing parametrictests, after the nor-
malizationof same of the non-normaldistributions by the
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Fig. 3. Numberof obsenationspermonth.

Shapiro-Wk test. A normaldistribution was signipcantly
obtainedat both sitesfor all the variables,except for phos-
phate. A principal componentnalysis(PCA) wasthenap-
plied to identify the weight of eachvariable,presentinghe
resultsof theprsttwo componentsTo avoid auto-correlation
phenomendetweerthe ervironmentalvariablesconsidered
independentwe Pnally applied a Ridge Regressionanal-
ysis to the normalizeddatafor clarifying the statistically-
signibcantlinear corrdation betweerchloroplyll-a andthe
othervariables.Ridgeregresionis usedwhenthe indepen-
dentvariablesare highly intercorreated: a constantbias(! )
is addedto the diagonalof the correlationmatrix, which is
thenre-standardizedo thatall diagonalelementsareequal
to 1 andthe off-diagonalelementsare divided by the con-
stant.In thisway Ridgeregressiorartibciallylowersthecor
relationcoefbcientsso that more stableestimateg" coef-
cients)canbe computed.The Cox-Stuarttestwasperformed
to highlight possibletrendsin time. Graphiclinearinterpo-
lations were carriedout using commercialsoftware (Surfer
8.0 by GoldenSoftware): the medianvaluesof all the vari-
ablesat every SL have beenplotted on a monthly scaleby
thelinearKriging method.

3 Results
3.1 Hydrologicalandbiogea@hemicalfeatures

Chloroplyll-a datafor both stations,are plotted in Fig. 4
for the whole period. Time series plots of the other
studied variables are available as supplemental mate-
rial (seeAppendixA, http://www biogeosciences.nét673/
2007/bg4-673-2007-supplenent.pdj. In Tablel welist the
numberof valid obsenations,the medians,the rangesand
the Wilcoxon MatchedPairs test resultsof comparisorbe-
tweenthe two stationsfor all the availablehydrologicaland
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Table 1. Valid Numberof samplesMedian,Minimum, MaximumandWilcoxon MatchedPairstestfor all thevariablesat C10andEQ&.

C10 E06 Wilc.teg
Variable N Median  Min. Max. N Median  Min. Max. N T z p sig.
Temper 563 15.8 7.5 28.8 528 15.2 5.8 29.4 527 67738 0.45 0.65 ns
Salinity 563 375 31.0 386 528 37.6 15.7 385 527 64877 1.34 0.18 ns
Density 563 27.6 205 299 528 27.9 11.2  30.0 527 65164 1.26 021 ns
OxSatur 511 99.2 7.7 134.6 485 99.1 134 158.1 451 49519 0.52 0.60 ns
N-NH3 548 0.3 0.0 21.6 507 0.6 0.00 317 497 38806 6.98 0.00  *+*
N-NO, 549 0.1 0.0 5.0 507 0.1 0.0 4.7 497 52009 1.88 0.06 ns
N-NO3 547 0.6 0.0 255 506 0.9 0.0 93.1 494 47760 4.08 0.00  *+*
DIN 555 13 0.0 27.8 506 2.0 0.0 97.7 503 43553 5.90 0.00  ***
Si-Si0; 548 21 0.0 30.1 509 33 0.0 54.8 498 47055 4.69 0.00  ***
P-PQ 550 0.04 0.00 1.30 512 0.06 0.00 1.09 503 40285 5.98 0.00  ***
Chl-a 564 0.9 0.0 11.4 530 11 0.0 25.3 530 62886 2.05 0.04 *

@ ns: notsignibcant} p< 0.05: signibcant}** p< 0.001:highly signibcant.
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Fig. 4. Chloroplyll-a samples(pgdm’ 3, log scale)collectedat
C10(above) andEO6 (below).

Biogeosciencesl, 673887, 2007

biogeochemicavariablesover the 20-yearperiod. Descrip-
tive statisticsrevealsthat the main differercesbetweenthe
two sitesaredueto the large dispersionin the EO6 variable
values ratherthanto ary differencesn thetrendsof thecen-
tral (medan)values.Statstically high signibcantifferences
areobsenedfor all the nutrients@oncentrationsexceptN-
NO; andalso,to alessextent(p< 0.05),for thechloroplyll-a
valuesbetweerthetwo areas.

In orderto studytime (seasonalpnd space(depth)fea-
tures,which may explain thosedifferencesandin orderto
provide anhelpful analysisfor modelvalidation,we analyse
themainfeatureghatresultfrom all monthlymedianvalues,
atevery SL, shawvn in time-depthplotsin Fig. 5 (C10)andin
Fig. 6 (EO06). Both sitesshav similar featuresin the hydro-
logical variables. The densityisolines(panelc) reveal that
the water cdumn is mixed betweenNovember and March
andstratipedor therestof theyear Freshvaterinputs,lim-
ited to the top 10m of the water columm, affect the salinity
peldsin differentwaysfrom siteto site. Thesalinity (panelb)
atC10beginsto decreasén March, sotha the minimum of
surfacesalinity (S=34.6)is foundin MaybJunerelRectinghe
Prstannualpeakof the Poriverdischage (Fig. 2). Thesalin-
ity startsto increasdn July, andin autumnthe C10 areais
less affected by the secondpeakof the Po river (S=36.3).
The salinity at EO6 hasa much lower value in March, so
it reachesa surfaceminimum earliet in April (S=31.3),re-
maining at congant valuesaround33b34until August. In
Octoberit detectsagain theeffect of the Poriver peakwith a
secondninimumsurfacevalueof 34.1.

Thenutrients@oncentrationshav similar distributionsat
both sites,with lower concentrationsat C10. Nutrient pro-
plesare generallycharacterizedy higher surface concen-
trationsdown to a depth of 5D10n. In the bottom 15m of
thewatercolumn,nutrientconcentratias areeitheruniform
(nitrate,phosphaten late summer)or increasingwith depth
(silicate,ammonium).

www.biogeosciaces.net/4/673/2007/
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Table 2. Valid Numberof samplesMedian,Minimum, Maximum andWilcoxon MatchedPairstestfor chloroplyll-a at C10 andEO6on a

monthlyscalé’.

C10 EO6 Wilc.test
Month N Median  Min. Max. N Median ~ Min. Max. N T z p sig.
Jan 10 0.8 0.4 4.2 12 1.0 0.2 2.3 10 20.0 0.764 045 ns
Feb 48 1.0 0.1 4.8 41 1.0 0.2 5.7 41 365.5 0.598 055 ns
March 23 11 0.2 5.2 21 0.8 0.2 4.4 21 113.0 0.087 093 ns
April 51 12 0.3 4.8 39 13 04 5.0 39 2775 1.349 0.18 ns
May 64 0.9 0.3 11.4 68 1.3 04 25.3 63 863.0 0.993 032 ns
June 46 0.7 0.1 25 50 0.8 0.2 8.1 44  407.5 1.021 031 ns
July 73 0.6 0.1 5.3 63 1.2 0.2 7.8 63 6455 2.482 0.01 *
Aug 47 0.7 0.1 10.3 54 0.9 0.2 194 46 344.0 2.147 0.03 *
Sep 83 0.8 0.1 4.9 74 0.9 0.3 8.2 72 7855 2.966 0.00 **
Oct 53 0.9 0.3 7.2 50 0.7 0.0 5.6 47 3015 2.778 0.00 **
Nov 44 17 0.4 5.8 28 14 0.1 35 28 150.0 1.207 0.23 ns
Dec 22 0.6 0.0 21 30 11 0.1 2.8 22 103.0 0.763 045 ns

b ns: notsignibcant* p< 0.05:signibcant* p< 0.01:verysignibcant.

Thewatercolumnis almostcompletelydepletedn ammo-
nia (paneld) throughotitheyearat C10,and betweerMarch
andOctoberat EO6. Surfacepeaksarepresentat C10in De-
cemberwhile they areseerat EO6in DecembeandJanuary
Nitrite (panele) remainsatlow corcentrationsat both sites:
closeto zerobetweenApril andOctoberandslightly higher
for therestof theyear reachinga maximumin January The
nitratetime evolution (panelf) indicatesthat very low con-
centrationsaarefound betweenMay andOctoberat C10 and
betweenJuneandSeptembeat EO6. Becausef the second
Po river peakand the increasein the vertical mixing pro-
cesseswhich diffuse the bottom-rgeneratechutrients,the
entirewatercolumnshaows high valuesduringwinter at both
sites. Dissolwed inorganic nitrogen ([DIN]J=[N-NO 2]+[N-
NO3]+[N-NH 3], panelg) reRectamainly the nitratetrendat
thesurfaceandtheammoniarendat the bottom.

Phosphateconcentrationgpanel h) are closeto zem at
both sites, at all depths,during most of the year Slightly
higherconcentationsarepresentin Decemberand January
althoughEO6valuesaregenerdly higher

Silicate concentrationgpaneli) are high throughoutthe
watercolumnatbothsitesin DecembeandJanuarybecause
of mixing processeswhile are high only at the surfaceat
E06 (e.g.in June) relRectinglow salinity concentationsand
thereforethe Poriver®inRuene.

Dissolved oxygen(panelj) shavs comparableoncentra-
tions at both sites,aswell asa goodgereral oxygenationof
thewatersanda progressie decreasef concentrationsvith
depth,well revealing an oppositeannualpatterncompared
to theammoniaphosphatendsilicateconcentrationgpanel
d, h, i). Minimum values, well belov saturationlevels, are
foundin the deepelSL in SeptembddOctobert the end of
the stratipcationperiod. Successiely, stratibcationis bro-
ken by surfacecoolingandwind stirring action, redistritut-
ing oxygenandnutrientconcentrationthroughouthewhole

www.biogeosciences.net/4/6 2807/

watercolumnduring the following months(Novembey De-
cember).

Chloroplyll-a (panelk) shovs a complex annualcycle at
bothstations.C10surfacewatersarecharacterizethy a Jan-
uarypeakandlow valuesfor therestof theyear Thelowest
concentrationgre found betweenMay and October corre-
spondingto the stratiPedperiod(panelk) with low DIN and
DIP (dissohedinorganicphosphategoncentratios. Subsur
facemaxima, belov a depthof 15m in March andin the
whole water columnin Novembey coincidewith the river
nutrientinputs. E06 presentghe highestchloroptyll-a con-
centrationsat the surfacethroughoutthe year a patternthat
is exactly oppositeto thatof salinity. In factthe highest val-
uesareregisteredin MarchbBApil, Septembeand Novem-
ber, monthsthat are characterizedy very differenthydro-
logical andbiogeochemidaconditions.

3.2 Theverticalvariability of chloropltyll-a

The time-depthplots of Fig. 5 and Fig. 6 give an imme-
diate overvien of the mediansituation characterizingooth
sites@nvironment. In this sectionwe focus on an analysis
of the variability. Monthly vertical problesof chloroplyll-
a concentrationdor both sitesare shovn in Fig. 7, where
the Whisker plots representhe medianvaluesandthe non-
outliers ranges(Whisker, coef.=1) at every SL. Table 2
presentghe valid numberof obsenations,the mediansthe
rangesandthe Wilcoxon MatchedPairstestfor chloroplyll-
a onamonthlyscaleat bothstations.

Excluding exceptionalvalues, classibedas outliers, me-
dianconcentrationsonotexceed4 pg dm' 3, andthescaleis
limited to 8ugdm' 3. Similar vertical problesarefound be-
tweenOctoberandFebruarywhenmixing processeprevail.
During therestof theyear whichis mainly characterizethy
strongtemperaturendsalinity stratibPcation E06 maintains

Biogeosciencesl, 673887, 2007



680 L. Tedesceetal.: Biogeochemicabariability in the NW Adriatic

January February

0 0 0
6 6 ‘ 6
E 12 E 12 B E 12
= < <
=4 3 3
5 5 g
3 3 3
S —
18 18 18
24 24 24
s e
0,008 0,04 0,08 04 08 40 80 0,008 0,04 0,08 04 08 40 80 0,008 0,04 0,08 04 08 40 8,0
chl-a (ug/dm?®) chl-a (ug/dm®)
April
0 0 0 June
/ 7
6 ; 6 6 i‘
E 1 E2 E1n o
< < <
g g - ]
5 5 5
3 3 3 —_—
—
18 18 18
24 24 24
:
0,008 004 0,08 04 08 40 80 0,008 004 0,08 04 08 40 80 0,008 004 0,08 04 08 40 80
s
chl-a (ug/dm?) chl-a (ug/dm®) chla (ug/dm)
o July August September
0 0
6 6 6
E 12 E1n E1n
£ < <
2 = g
5 5 5
3 3 3
18 18 18
24 24 24
—_— —
0,008 004 008 04 08 20 80 0,008 0,04 0,08 04 08 40 80 0,008 0,04 0,08 04 08 40 80
chi-a (ugldm®) chl-a (ug/dm®) chl-a (ug/dm®)
October November December
0 0 0
g_i
T
6 6 T / 6
1
~ _ o — —
E E 2 ’7 E 12
£ < i £
3 =4 I 3
5 5 8
© © U sy ©
18 18 , 18
’
24 ( 24 ; 24
L — m——— —
0,008 0,04 0,08 04 08 40 80 0,008 004 008 04 08 40 80 0,008 0,04 0,08 04 08 40 80
3
chl-a (ug/dm®) chl-a (g/dm) chl-a (ug/dm®)
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dashedine).
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Table 3. RidgeRegressiomresultsfor C10(left) andEO06 (right)©.
C10 E06
Beta s.e.Beta B s.e.B t(494) p sg. Beta s.e.Beta B s.e.B t(455) p sig.
Intercept b b 1.667 0.411 4.057 0.000 b Intercept b b 0.584 0.107 5.436 0.000 b
NO3 0248  0.066 0180 0.048 3.770 0.000 ** Salinity ! 0.361 0.055 ! 0.000 0.000 ! 6578 0.000 **
Salinity ! 0258 0.064 | 0.043 0.011 !4.023 0.000 ** NO3 0.130  0.057 0068 0030 2282 0023 *
Depth 0.195 0.056 0.004 0.001 3.453 0.001 el NH3 1 0.145 0.051 10.131 0.045 ! 2.874 0.004 **
Temper 10113 0055 !0.004 0002 !2055 0040 * PO, 10083 0041 10.205 0101 (2033 0043 *
%0OX sat 0.084 0.048 0.001 0.001 1.759 0.079 ns SISOy 0.159 0.060 0.086 0.032 2.671 0.008 il
NH3 10062 0047 10070 0053 !1.336 0182 ns %Oxsat 0138 0057 0001 0.001 2437 0015 *
NO, 0.062 0.055 0.126 0.112 1.119 0.264 ns

€ s.e.:standarcerror, ns: notsignibcant} p< 0.05:signiPcant}* p<0.01:very signiPcant*** p<0.001:highly signibcant.
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Fig. 8. PCA: projectionof the variales (T: temperatureS: salinity, Dep: depth,Ox: oxygen% sat.,NH3, NO5, NO3, POy, SiOy4, Ch:

chloroplyll-a) onthefactorplane(C10,left andEOB6,right).

higher concentrationsn the surffacelayer, while C10 does
thesamemostlyat deepedephs.

TheannuakycleatC10is characterizethy minimumcon-
centrationsbetweenMay and October and maximumones
in Novembey followed by April, MarchandMay, while the
othermonthshave intermediatevalues. Apart from October
andNovember EO6is generdly charactededby high con-
centrationdimited to thetop 5D10m layer.

StatisticallysigniFcantdifferenceqTable 2) arefoundin
July, August, Septembeand Octobe. The signibcantdif-
ferencedletectedn July andAugustandthevery signibcant
onesn Septembearedueto sensiblylower concentrations
thetop 20m at C10. Octoberis theonly mont duringwhich
concentrationsn the entire water column are very signip-
cantlyhigherat C10thanat EO6. For therestof theyea, the
chloroplyll-a problesat C10 and EO6 have oppositetrends
andcrosseachotheratdifferentdepthsetweenLOand20m.

www.biogeosciences.net/4/6 2807/

3.3 Relationshipamongvariables

With the aid of principal componentanalysis(PCA) we in-
tendedo investicgatewhich factorsarerelatedto the variabil-
ity of, andwhich aretheintercomectionshetweenthephys-
ical andbiogeochendal variables particuarly in relationto
theseasonatycle andtheloadsof nutrients.

After the normalizationof the non-normal distributions,
we carriedout the PCA andthe RidgeRegressiortests.The
variables®CA projectionon the factorplaneis represented
in Fig. 8. Amongthevariableswe alsoconsiderediepthas
anindicatorthatexplainssurface/bottonprocessesThesum
of the brsttwo PC explained 51.61%of the total variance
for C10 and58.68%for EQ6. The factorplanerepresenta-
tion groups thevariablesin threequadrantgor bothstations:
one quadrants for salinity-depthcovariance,a secondone
is for oxygen-temperaturend a third oneis for nutrients.
At C10 ammoniais situatedin the salinity-depthquadrant,
oppositeto the oxygenconcetration. In this graphicalrep-
resentatiorchloroplyll-a is foundin differentquadrantsfor
C10it is locatedin the nutrientsquadrantwhile for EQO6 it
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hasanintermediatepositionbetweemutrientsand oxygen-
temperature.

The Ridge regressionresults(Table 3) are listed accod-
ing to the order in which the variable was introducedin
the modelequation togeherwith the consequenpbleel of
signibcance At C10, the brsthighly signibcat positively-
relatedvariableis nitrate,followed by the highly signipcant
negatively-relatedsalinity, the very signibcantpositive re-
lation with depthand the signibcantnegative relation with
temperature. The negative relation with ammoniaand the
positive onewith nitrite are alsointroducedn theregression
equation,althoughtheir relationis not signibcant. At E06,
all the variablesintroducedin the modelare at leastsignif-
icant. The brsthighly signibcantnegative relation is with
salinity, followedby thesignibcanposiively-relatedhitrate,
the very signibcannegative relationwith ammonia,the sig-
nibcantnegative relationwith phosphatethevery signibcant
positive relationwith silicateand the signipcantpositive re-
lation with oxygen. The nutrientrelationswere positive or
negative dependingpn consumptioror excess.Thestrongest
chloroplyll-a dependencis thenpositive with nitrateat C10,
followedby thehydrologicalvariableswhile at EO6it is neg-

ative with salinity, followed by the nutrients@oncentrations.

3.4 Temperature,salinity and chloroptyll-a interannual
trends

In order to analyselong-term variationsin chloroplyllba
dynamics,we usedthe Cox-Stuarttestfor trends(Sect.2)
and we applied it both to the physical variablesand to
chloroplyllba. Theanalyss of thesuifacewatertemperature
(Table4) shavs asignibcanincreaseén May andJuneanda
very signibcantnein July at both sites,in agreementvith
therise in air temperatureand annualheat3uxes obsered
in the NorthernAdriatic Sea(Russoet al., 2002. Another
signibcantincreaseis found in Decemberat both sites, in-
dicatinga tendeng towardsmilder winters. However, C10
is the only stationshowing a signibcantrendin the whole
yearsmedianvalues.In fact,betweenmAugustandNovember
EO6is characterizedby a negative temperaturgérendwhich,
without beinga signibcantvalue, still agreeswith the regis-
teredincreasingow of the Poriver that caused3oodsdur-
ing autumn(Raicich 2003. Thesamefeatureis notfoundat
C10,probablybecausehefreshwatereffectis conbnedo the
NorthernAdriatic Currentregion (Artegianietal., 19973.
Thisis furtherconbrmedy the Cox-Stuarttestresultsfor
surfacesalinity (Table 4). No signibcanttrendis found at
C10, eitherin spring,or in summertimewhenthe areamay
bereachedvy the Poriver plume. Signibcantrendsarein-
steadseenat E06: a very signibcantdecreaein February
a signibcantdecreasén Octoberanda very signibcantin-
creasdn November In orderto understad the relationsbe-
tweenthe Po dischage andthe physical variables,we have
performedthe SpearmarTestfor correlatons on daily scale
with a 1-weektime lag betweerthe obseredrun-off andthe
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obsenred salinity and temperatur§ Appendix A). Both sta-
tions are generallyinBuencedby the Po river® spreading.
C10is mostly affectedby temperaturdrelds,sincea larger
effectmaybedetectediuringspringandsummertimewhen
it feelsthe effect of the Pomaximumin May, duemostlyto
snov melting,thatslakensthethermoclineformation.EO6is,
instead,equally affectedby temperatureand salinity pelds,
sincetheimpactof theriver maybe detectal yearroundand
it is closerthanat C10: thus,salinity andtemperaturevalues
fasterdecreas¢hanat C10.

The Cox-StuartSign test (Table 5) on chloroplyllba re-
vealsno signibcantong-termtrendin both the medianand
the dispersion. The weak negative trendin the C10 annual
valueis consideredandom,asis the slightincreaseat E06.
On the otherhand,C10 shaws a signikcantincreasen the
centralvaluein April, althoughthisis notreally relevantcon-
sideringthe entireannualcycle. Thevariability is fairly con-
stant,with a small indication of increasefor both stations.
Any missingresultin the Cox-Stuartestis dueto aninsufp-
cientnumberof availablecomparisons.

4 Discussion

Thehydrologicalandbiogeochemicadvolution presentedn
Sect.3.1shawvs thatthe C10stationis directly inBuencedy
high river outBavs, whenthe generalcirculationand strati-
pcationcanfavour the NE spreadingof the Po plume. Con-
versely EO6is largely affectedby the Poriver run-off, irre-
spectve of theirmagnitudeandalsoby othersmallerrivers,
as conbrned by much lower salinity values for all of the
non-mixed periods. Generally the nutrient concentrations
arehigherin the nearsurfaceregion wherethelowestsalini-
tiesareobsered. Thisis consgstentwith therole of therivers
asthemajornutrientsour@sfor theregion.

Several works (e.g.,FondaUmani, 1996 Mozetic et al.,
1998 Fonda Umani et al., 2005 have shaved that the
Novemberbloomingof the NorthernAdriatic is poorly con-
trolled by micro- or meso-zooplankton.Consequentlythe
surfacepeaksof winterammoniaaremostlikely dueto bac-
terial activity on senescenphytoplanktoncells. The bottom
5m of the watercoumnsshav concentrationshat well re-
Becta trend oppositeto that of the dissohed oxygenin the
sameperiod,indicating benthicregycling of ammonia.The
role of benthicnutrientreminealizationis thenanimportant
factorthatcanbeinferredfrom the monthlyanalysis.

Low salinity values during periodsof low nitrate con-
centrationssuggestthat most of the land-derved nitrate is
taken up by phytoplankton. However, while C10is charac-
terizedby low concentration®f chloroplyll-a, E06 main-
tainshighervalues.The absaceof a gradientin nitrateand
thedifferentresponsef chloroplyllba at C10andE06 may
not be explainedonly by consumptio. Differentcontrolling
factorsmayaffect phytoplanktongrowth in thetwo areas.At
C10,chloroplyll-a concentrationseento prettywell follow
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Table 4. Cox-Stuartestresultsfor surfacetemperaturgleft) andsalinity (right) at C10and E0¢.

Temp Sal
C10 EO6 C10 EO6
Month N + ! p sig. N + ! p N + ! p sig. N + ! p sig.
Jan 6 2 0 b b 6 3 0 b 6 0 3 b b 6 1 2 b b
Feb 19 5 4 0500 ns 16 3 5 0344 ns 19 2 7 0090 ns 16 O 8 0.004 **
March 12 3 3 0656 ns 10 2 3 b 12 4 2 0344 ns 10 5 0 b b
April 18 5 4 0500 ns 13 4 2 0344 ns 18 6 3 0254 ns 14 4 3 0500 ns
May 26 11 2 0.033 * 27 11 2 0.011 26 4 9 0133 ns 27 10 2 0.055 ns
June 18 8 1 0.020 * 17 7 1 0.035 18 4 5 0500 ns 17 4 4 0.637 ns
July 32 14 2 0.002 ** 27 12 1 0.002 18 4 5 0500 ns 17 4 4 0.637 ns
Aug 20 2 6 0055 ns 21 3 7 0172 ns 21 5 5 0623 ns 21 4 5 0.500 ns
Sep 32 9 6 0227 ns 25 3 9 0.073 ns 32 11 5 0105 ns 25 6 6 0.613 ns
Oct 22 5 6 0500 ns 18 3 6 0254 ns 22 7 4 0274 ns 18 1 8 0.035 *
Nov 19 5 4 0500 ns 15 1 6 0.072 ns 19 7 2 009 ns 15 7 0 0.008 **
Dec 12 6 0 0.016 * 12 6 0 0.016 11 O 5 b b 12 0 5 b b
Sum 236 75 38 0.001 ** 207 58 42 0111 ns 236 60 56 0384 ns 208 50 48 0.397 ns
d +: numberof increases, : numberof decreases)s: notsignibcantf p< 0.05: signibcant}* p<0.01:very signiPcant}** p< 0.001:highly signibcant.
Table 5. Cox-Stuartestresultsfor chloroplyll-a at C10(left) andE06 (right)®.
C10 EO6
cent. dis. cent. disp.
Month N + - p sig. + - o] sig. N + - p sig. + - p sig.
Jan 10 5 0 b b 2 0 b b 12 5 1 0.109 ns 1 2 b b
Feb 48 9 15 0240 ns 4 4 0637 ns 40 7 13  0.132 ns 3 3 0.656 ns
March 23 6 5 0500 ns 4 1 b b 21 7 3 0.172 ns 3 2 b b
April 51 22 3 0.006 ** 5 4 0500 ns 38 11 8 0.324 ns 4 5 0.500 ns
May 64 17 15 0393 ns 5 3 0363 ns 68 16 18 0393 ns 10 6 0.227 ns
June 46 13 10 0365 ns 8 3 0113 ns 50 14 11 0.368 ns 4 3 0.500 ns
July 73 12 24 0075 ns 5 4 0500 ns 62 16 15 0.399 ns 8 2 0.055 ns
Aug 43 10 13 0.365 ns 5 6 0500 ns 54 18 9 0.122 ns 5 3 0.363 ns
Sep 83 20 21 0399 ns 5 5 0623 ns 74 19 17 0.378 ns 4 4 0.637 ns
Oct 53 11 15 0340 ns 4 4 0637 ns 50 9 16 0.194 ns 3 5 0.363 ns
Nov 44 6 15 0.058 ns 7 4 0274 ns 28 5 9 0.212 ns 3 4 0.500 ns
Dec 22 0 11 b b 3 2 b b 30 9 6 0.304 ns 3 4 0.5 ns
Sum 278 131 147 0266 ns 48 37 0.223 ns 262 136 126 0341 ns 51 43 0.261 ns

€ cent.:centraltrend,disp.: datadispersion;: numberof increases!, : numberof decreasess: not signibcant**p < 0.01: very signibPcant.

the annualcycle of nutrients. At EO6, every periodof high
concentratioris followed by a periodof low concentration,
indicating that somefactor acts successiely and regulates
phytoplanktonatundance.Nutrientshave shavn to be suf-
Pcientandsometimesn excessat this site andarethusnot
limiting the growth. We supposehat zooplanktongrazing,
whoseannualcycle is usuallyout of phasewith thatof phy-
toplankton(e.g.in the Adriatic, FondaUmani 1996 may be
one of the main regulating factorsof the chloroptyll-a pat-
tern.

Phosphatés consideredasthe principal nutrientlimiting
primaryproductionin theregion (e.g. Gilmartinetal., 1990.
Socalet al. (1999 found that the Adriatic Surface Water
(ASW) of the photic layer of the Otranto Strait was char

www.biogeosciences.net/4/6 2807/

actherizedy anexcessof nitrogen(N:P=50). While mostof
the nitrogenis adwectedout of the northernbasin,phospho-
rousis efbcientlyremoved from the water column, brought
to organicform andpossiblyburied in the bottomsediments
on the Adriatic shelf. However, even though Socal et al.
(1999 conbrmedhethesisof P-limited Adriatic, the signif-
icantpresencef diatomswasexplainedby new production
sustaineduy regeneratie processesind DOP and DON as
importantsourcesof nutrients. Degobbiset al. (2005 anal-
ysedchangesn nutrientratiosin relationto mucilageevents
in thenorthernAdriatic. While DIN wasmostly correlatedo
the Poriver outBav, phosphatevasefbcientlycontrolledby
phytoplanktonassimilation. During a low freshwaterinput,
the increasedbhytoplankton standingcrop was ascribedto
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moreefbcientDIN assimilationandfasterregycling of phos-
phate. Our dataanalysisshaws that high con@ntrationsof
chloroplyll-a are detectedduring monthsand at depthsat
which the phosphateconcentrationsre closeto zero. Fol-
lowing theseprevious attemptsto explain the phoshatebe-
haviour in the Adriatic Sea, we conbrmthat phosphorus
is consumedand rapidly remineralizedto sustainabundant
biomassproductionin the Adriatic Sea.

Despite the obsened coherent seasonalcoupling be-
tween physical and hydrochemicalfeatures(Figs. 5, 6),
chloroplyll-a shonvs a complex annualcycle in both areas.
Neverthelessthe chloropltyll-a vertical problesare similar
whenmixing processg prevail (Fig. 7). For the restof the
year whichis characterizedy a strong stratibcatiorof tem-
peratureand salinity, EO6 maintainshigher concentrations
in the surfacelayer, whereit is mostly affectedby riverine
loads,while C10doesso mostly atintermediatedepths be-
causea smallerpresencef photo-attenuatig materialsmay
allow photosynthesig theentirewatercolumn(Vichi etal.,
2003h.

Thisis alsoconbrmedy the PCA (Fig. 8). The brstprin-
cipal componenbf the PCA captureghe effect of periodic
stratibPcationwhile the secondcomponentighlightsthe ef-
fectof riverinputs.At C10,chloroplyll-a concentrationare
mainly correlatedo riverinerun-off, while at E06, the nutri-
entsbeingatleastsufrcient thecorrelationwith theseasonal
cycle is strongly posiive and oppositeto depth-salinity be-
causethe highestconcentrationarefound at the surface. A
further conbrmationcomes from the Ridge Regressiontest
results(Table 3). At C10,the only nutient in the equation
is nitrate, which is alsothe closestvariableto chloropltyll-a
in the PCA projedion. The following correlationsare with
the physical variablesand are typical of offshoreareasaf-
fectedby land-derved nutrientsandmostly characterizedby
bloomsat intermediatedepths. At E06, the Ridge Regres-
sionhighlightsa stronglyoppositetrendwith salinity, which
is responsibleor the surfacebloomsandis well-shavn in
the PCA diagram(Fig. 8). Finally, the testshows a posi-
tive correlationwith nitrateandsilicate,indicatinga contin-
uousavailability, and a negative correlationwith ammonia
andphosphatethataretherefoe consumedtthesite.

The Cox-Stuarttest (Sect.3.4) for the andysis of long-
termtrendsdetectedsignibcanthange®nly for thephysical
variable,but not for chloroplyll-a. A possibleexplanation
for this behaviour lies in the differentrelationshipthat both
stationshave with theriver run-off. Both areasdetectthe ef-
fect of the warming (Corti et al.,, 1999 Rixenetal., 2005,
but only EO6is likely to shav the effects of the increasing
precipitation.In fact,both stationsareaffectedby therisein
summertemperaturegueto higherheatBuxes. But, while at
EO6therisein temperaturés bdancedby anautumnreduc-
tion, dueto the large quantity of freshwaterinRow, at C10
this doesnot happensinceno large effect is detectedf the
Po water spreadinghereduring autumn. Thereforeat C10
thewatergenerallypecomesvarmer
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The absace of a trendwasalsofound in model simula-
tions (Vichi et al., 20033. Evenif we are not ableto as-
sessthe climatological change,the Cox-Stuarttest agrees
pretty well with the EasternMediterranearClimatic Tran-
sient(EMCT). The EMCT is a global changein the meteo-
oceanographiconditionshappeningver the Mediterranean
SeaduringrecentdecadegRixenetal., 2005, andis dekned
asacollectionof events,suchasrising temperatur@andfewer
rainy dayswith heavier predpitation.

It is interestingto compareour resultswith other highly
productive Europearregionalseasasthe Black Seaandthe
Baltic Sea.Nehring(1992 analysecdh 30-yearg1958-1989)
biogeochemicatlatasetin the Baltic properandfoundthat,
exceptfor the period 1969197 7hutrientconcentrationso
longerincreasedremaning at stable,but high levels Dur-
ing periodsof water renaval, a strongcorrelationwas de-
tectedbetweensalinity and nutrients. Oxygenwasfoundto
increase althoughno signikcanttrend wasidentibed. The
strongdeterioratio of oxygenconditionsandthe phosphate
accumulationin central Baltic deepwaterswere attributed
to the absenceof waterrenaval causedby climate changes
in the northernemisphereand worsenedy the entranceof
North Seapollutedwatersthroughthe DanishStraitinto the
Baltic.

Gomoiu (1992 synthetizedin her work the ecolagyical
changesin the NW Black Seain the period 1972D1992:
increasingquantitiesof nutrientsand organic matter oxy-
genimbalanceand appearancef hypoxic and anoxic phe-
nomena,massmortalities of benthic organisms,reduction
in diversity at differentlevels, developmentof opportunistic
speciesTheauthorconcludedhatthe eccsystenrelRectech
regressve evolution anda fragile andunstablephase.

In both cases,and in contrastwith our results, pos-
itive trends were detected for phytoplankton biomass
(chloroplyllba) and primary productiity. We believe that
the efbcientmixing, especiallydueto local wind episodes,
may prevert the eutrophicationof the Adriatic Sea. Fur
thermore,we analyseda timeseriesdata postponedo the
reducedquantitiesof phosplorus usedin detegentsin the
late 1980s. Degobbis et al. (2000 and Bernardi Aubry
etal. (2009 reported|n fact,a phosporousieceasdn their
works. Despitethis, we are not able to dePnea possible
associateathloroplyll-a changeon this temporal scaleand
with this high natural variability. We canthenhypothesize
that: i) arealchangedid not happen;ji) thetemporalscale
of the chloroptyll-a processesnight have not bt with the
othervariable trends;jiii) theecosystenevolution mighthave
favourednew speciedn the compositionof the phytoplank-
ton populationwithout changingthe total stock; iv) a pos-
sible trendmight exist at the extremeconcentrationswhich
arenotsufbcientlyrepresatedin thesample.
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4.1 Trophicvariability of the NW Adriatic

Thedescriptve statisticalanalysigpresenteéh Sect.3.1indi-
categhatthe C10andEO6 areashave sigribcantlycompara-
ble hydrologicalcharacteristicsyhile they aredifferentlyaf-
fectedby theriver@dischage. However, chloroplyll-a only
shavs aweakly signipcandifference High-frequeng inter-
connectecphysical and biological processesrethus likely
to modulatechloroptyll-a dynamics,also when the nutri-
entsQ@uailability is dominant.We may thusdebnethesesta-
tionsashighly variableandvaryingbetweemesoandmeso-
oligotrophiccharacteristics.

Thereis no internationalagreemenbetweendifferentin-
dicatorsandindicesregardingthe assessmendf the trophic
statusof seavater mostly dueto differentcriteria, method-
ologies of data amalysis and restrictionsto selectedre-
gions. For example, Giovanardi and Tromdlini (1992)
refersto oligotrophic statusfor the Northern Adriatic wa-
terscharacterizedy chloroptyllba levels< 1.7pgdm' 3, Ig-
natiadeq2005)for AegeanSeawatershaving chloroplyllb
a values <0.5pgdm' 3, while Babin et al. (1996) for
NorthernAtlantic waterswith chloroplyllBa concentrations
<0.05pgdm' 3. We preferto analysethe trophic statusof
a certdn region astheresultof the comple< interactionse-
tweenall the dynamicprocesseshatin time, asseasonaty-
cle,andspaceasdynamicin thewater column,bring to spe-
cibcnutrientsandchloroplyllba patternspxygensaturation
andvertical stability of the water column. Our maininterest
is thusnotanabslute debpriition of thetrophicstatusof each
station,but a relative comparisorbetweenthe areasto bnd
possibledifferencesr similarities.

The Wilcoxon MatchedPairs test (Table 1) shows that,
consideringall the dataset(in time andspace)thetwo sites
areaffectedby similarhydrodynamicshighly signibcandif-
ferentnutrientinputs and slightly signibpcantdifferencesin
chloroplyllba concentrations.The sametestappliedto the
intra-annualariability of chloroplyllba (Table2) shovsthat
thosedifferencesare dueto signibcantdifferencesbetween
JuneandAugust,whenEO6maintainshigherconcentrations,
andvice versain Septenber On the otherhand,the analy-
sisof theintra-annal variability, consideringalsothe differ-
entdepths,preentedin time-depthplots (Fig. 5 andFig. 6)
shaws that, in the sameperiod, both stationsare character
ized by a reductionin nutrient concentrationsstable oxy-
genation stratiPedwvatersandchloroptyllba valueswith the
lowestannualvalues(Fig. 7). Besides,the slightly higher
valuesof chloroplyllba in the deepestayer at both stations
area clearindicatorof photosyntheti@ctivity of thebottom
SL andthuswatertranspareng Thisleadsusto consideithe
areasastrophicallymuchsimilar thanpreviously reportedn
literature(e.g.,Alberighi et al., 1997 Pugnettiet al., 2003
2004 BernardiAubry etal., 2006.
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5 Conclusions

The long-termsetof hydrologicaland biogeochemicatiata
coming from the C10 and EO6 stations,locatedin the NW
Adriatic Seaallowedusto formulatea reasonablgictureof
the NW Adriatic biogeochemicaVariability andwe arenow
ableto answetto themainquesionsthatguidedourscientibc
work.

(i) Generallythetwo stationscannotbe consideredroph-
ically different, as someprevious literature had done.
Our dataanalysisshawv similaritiesbetweenthe two ar
eas, concerningthe chloroplyllba responseo differ-
ent physical and biological features. Nutrients stand-
ing stockscannotbe considered sufcientcriterionto
characterizeonditionsandtrophicdifferencedetween
differentareas.

(i) Thetwo stationamaybecharacterize by differentcon-
trolling factorsregarding the chloroptyllba dynamics.
C10chloroplyll-a is mainly controlledby periodicriver
inputs. EO6is stronglycorrelatedwith the seasonaty-
cle, may be efbcienly grazedby zooplanktonand a
high presenceof photo-attenud@g materialmay limit
the photosynthesisit the degestSL. We suggestthe
importanceof studyingthe couplingbetweenthe phy-
toplanktoncycle andzooplanktorabundanceanddistri-
bution, sincezooplanktoris anessentiatontrollingfac-
tor in the phytoplanktontrendand evolution throughout
thetrophicchaincharacterimg anarea.

(iif) Dataanalysisshavs that we should review the thesis
of phosphorouseing a classich growth-limiting fac-
tor of phytoplanktonalundancein the NW Adriatic
Sea. Other phosphoras sourcesbesidesorthophos-
phate,suchas organic phosphorousand fast regener
ation processesgan contribute to maintaining phyto-
planktongrowth. It is thereforenecessaryo resole the
fastremineralizatiorprocesesin thepelagicdomainon
ahigherfrequeng scalein orderto clarify the effective
co-limiting factors.
(i) Theabsencef asignibcanthloroplyll-a trendin time
at either site, in agreementvith model resultsof sce-
nario simulations(Vichi etal., 20033, is not sufbcient
to allow usto assumehatthe communitiesor otherin-
dicator did not change. Previous studies,basedon a
shortettime scale(Pugnettietal., 2003 BernardiAubry
etal., 2000, could nottypify ary signipcandifference
in community composition. Our next stepwill there-
fore be to couple this study with an analysisof the
alundancebiodiversity and distribution of thedifferent
specief phytoplanktonduring the samestudy period
in orderto bndif anintra-andinter-annuablariability is
presenin thelong term.
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Appendix A

Time series plots of the studied variables (except
chloroplyllba, presentedin Fig. 4) and the analysis of
the correlation between the physical oceanic variable
(temperaturendsalinity) andthe Poriver@dischage (data
scatterplotandSpearmarest)areavailableassupplemen-
tal material at http://www biogeosciences.nét673/2007/
bg-4-673-2007supplement.pdf
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