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Fluvialnetworksarestructuredacrossa spatialhierarchyof environmentalfactors,wherevariablesactingat higherspatialscales,suchasclimateandgeologicalsetting,aremajorspeciesoccurrenceecologicaldeterminantsinteractingwith lowerspatialscale

factorssuchasdischargeandwater qualityor geomorphologicstructure. Riversin Mediterranean-climateregionsarecharacterizedby extremelyvariableannualandinterannualdischargeregimes,presentingseasonalandpredictablefloodsanddroughtsto

whichfaunalandfloral specieshaveadaptedthroughtheir evolutionaryprocesses. Therefore,it isassumedthat fluvialcommunitiescompositionbetweenMediterraneanlotic systemsmayexhibitgreatsimilarity. Nevertheless,this ideahasneverbeentested

forōǊȅƻǇƘȅǘŜΩǎcommunitiesin the MediterraneanEuropesincethe assessmentof compositionaldifferencesbetweencommunitiesfrom different fluvialregionsshouldbe achievedusingbiologicandenvironmentalfield datafrom standardizedsurveys, and,

until the beginningof the XXIcentury,this datasetwasnot availablefor bryophyticcomposition. Therefore,we aimedto explorethe compositionalsegregationof bryophytecommunitiesacrossthree Mediterraneanregionsusingbiologicandenvironmental

field datafrom standardizedpan-Europeansurveysavailableafter the implementationandintercalibrationprocessesof the EUWaterFrameworkDirective.

I. First,we usedfloristic data collectedfor intercalibrationpurposes

under the EuropeanUnion Water FrameworkDirective and data

from River Habitat Surveyof 474 Mediterraneanstream sites in

Mediterranean Europe Climatic Areas, namely: (i) 99 sites from

MediterraneanSouth,(ii) 246 sitesfrom MediterraneanNorth, and

(iii) 129 sites from MediterraneanMountains(fig. 1 and fig. 2). In

order to comparebryophyte assemblagesbetween Mediterranean

climatic regionsand identify indicator (core) taxa we performed: a

Two-way Indicator SpeciesAnalysis(TWINSPANclassification; CAP

3.1), a One-way Analysisof Similarity (ANOSIM) between groups

obtainedin the TWINSPANclassification,anda SimilarityPercentage

Analyses(SIMPER; PRIMER6).

Table1. PairwiseANOSIMtests of differencesin
bryophyte assemblages between TWINSPAN
groups(GlobalR=0.436, p <0.001); * p < 0.001.

TWINSPAN groups RStatistic

A- D 0.3*

A - B 0.541*

A - C 0.582*

D - B 0.506*

D- C 0.498*

B- C 0.221*

(474 sites)

GroupB 
(31sites)

GroupC 
(107 sites)

GroupD 
(259 sites)

GroupA 
(77 sites)

Kindbergiapraelonga

Lunulariacruciata

Fissidens crassipes subsp.warnstorfii

Rhynchostegiumriparioides

Fontinalis hypnoides var.duriaei

Ptychostomumpseudotriquetrum

Fissidens crassipes subsp. warnstorfii

Epipterygium tozeri

Fissidenstaxifolius

Fontinalisantipyretica

Rhynchostegiumriparioides

Fissidenscrassipes

Pellia endiviifolia

Polytrichumcommune

Figure3. Summarydendrogramderived from TWINSPANclassificationof the 474 samplingsites in the studied
Mediterraneanclimaticareas. For eachdichotomy,the bryophytetaxa usedto divide the TWINSPANgroupsare
indicated.

TWINSPANclassificationrevealedfour distinct groups after two

divisions(fig. 3), which do not strictly separatesitesaccordingto

climatic regions, indicating other underlying ecological

compositionaldeterminants.

Table2. Resultsof SIMPERanalysisfor bryophytespeciescompositionof stream sites within eachTWINSPANgroup (A-D) (Asim=
averagesimilarityof samplingsitesin the group; Av.abund= averageabundance; Co%= percentageof the contributionof speciesfor
similarityof the group).

GroupA (Asim: 20.95) GroupB (Asim: 28.94)

Species Av.abund Co (%) Species Av.abund Co (%)

Pelliaendiviifolia 0.71 40.54 Fontinalishypnoidesvar.duriaei 0.71 44.89

Polytrichumcommune 0.44 15.91 Lunulariacruciata 0.55 21.78

Marchantiapolymorpha 0.36 12.27 Kindbergiapraelonga 0.42 12.46

GroupC (Asim: 22.07) GroupD (Asim: 21.05)

Species Av.abund Co (%) Species Av.abund Co (%)

Kindbergiapraelonga 0.58 31.96 Rhynchostegiumriparioides 0.65 50.86

Lunulariacruciata 0.52 26.35 Leptodictyumriparium 0.37 15.74

Fissidenscrassipes subsp. warnstorfii 0.44 18.33 Fontinalisantipyretica 0.31 9.49
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Figure4. CanonicalCorrespondenceAnalysis(CCA) ordinationplot representingthe Mediterraneanstream
sites studied and environmentalvariables(ELEVςelevation; Caςcalciumconcentration; BIO9 - mean
temperatureof driest quarter; BIO14 - precipitationof driest month; BIO5 - maxtemperatureof warmest
month; BIO11 - meantemperatureof coldestquarter; BIO15 - precipitationseasonality; Mnςmanganese
concentration; BIO3 - isothermality). Only the 10 most influential variablesobtained through forward
selectionprocedureare represented; N- MediterraneanNorth sites; S: MediterraneanSouth sites; M:
MediterraneanMountainoussites(SeeFigure1);

Mn

Figure2. Typicalaspectof Mediterraneanriverscapes. Rivers in mediterraneanclimatic regionsare physically,chemically,and
biologicallyinfluencedbyseasonallypredictablefloodinganddroughtevents.

Results from both

ANOSIM and SIMPER

analysis(table 1 and 2)

validated the groups

created by TWINSPAN,

as well as the indicator

taxaof eachgroup.

Figure5. a) TWINSPANgroupsto which bryophytecommunitieswere assigned(A-D), symbolizedover
differentmediterraneanclimaticareas(a)andstreamwaterpH(b).

a

b

Figure1. Samplingpoints of bryophyte speciesin watercourseslocated in three distinct Mediterraneanclimatic areas. (Environmental
Stratificationof Europe; Metzgeret al. GEB14: 549-563).
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G III. To better understandthe distribution of the TWINSPAN

groups,we usedaάŀǎǎŜƳōƭŜfirst, predictƭŀǘŜǊέcommunity

levelmodellingapproach. Weusedthe sitegroupsobtainedin

the TWINSPANanalysisand SpeciesDistribution Modelling

techniques to model the distribution of the main

Mediterraneanfluvialbryophyteassemblagesfound.

We modelled the distribution of the groupsusing biomod2

ensembleforecastingpackagein Renvironment.

Theenvironmentalpredictorsusedin the modellingprocedure

were selected from the 10 most important variables

influencing bryophyte assemblagesidentified in the CCA

analysis.

Top environmentalpredictorsfor GroupA:
pH;BIO5- max temperature of warmest month; BIO9- mean 

temperature of driest quarter;BIO 15 - precipitation seasonality; Mnς
manganese concentration; BIO14- Precipitation of Driest Month.

Á II. To study the influenceof enviromentalfactorson bryophyteassemblageswe performeda

canonicalcorrespondenceanalysis(CCA; CANOCO5) with forward selectionof environmental

variablesto explorethe influenceof environmentalfactorson bryophyteassemblages.

ÁEach TWINSPANgroup correspondsto a distinct community dominated by a different

assemblageof bryophytespecies,presentingdifferent andrecognizableecologicalpreferences.

ÁTheCCAordinationsupportsthe segregationof TWINSPANgroupsandthe heterogeneityof the

climatic groups (Figure4). The first axis reflects a climatic and stream water pH gradient,

representedby bryophytecommunitiesfrom morealkalinestreamsin drier conditionsto those

characterizingmore acidicwatercourseswith greaterrainfall. Thesecondaxisis mainlyrelated

with analtitudinalgradient(fig. 4).

ÁBryophytecommunitiesA and D are usuallyfound in the climaticarea correspondingto the

MediterraneanMountains (fig 5a), in watercourseswith moderate alkalinity (fig 5b), while

communitiesB and C are more commomin the MediterraneanNorth and South(fig 5a), in

moreacidicstreams(Fig. 5b).

We utilized the following modelling algorithms: Random

Forest, Artificial Neural Networks Multiple Adaptive

RegressionSplines,MAXENTandClassificationTreeAnalysis.

Onlymodelswith anAUCevaluationscoreҗ0.7 wereincluded

in the ensembleforecast.

Theensemblepredictionswere obtainedusingthe weighted

meanof probabilities,which meansthat modelswith greater

AUCscoreshadmoreimportancein the ensemble.

The maps shown correspond to modelled probability of

occurrenceof eachgroupfor MediterraneanEurope.

Top environmentalpredictorsfor GroupB:
BIO5- max temperature of warmest month; BIO11- mean 

temperature of coldest quarter; Mnςmanganese concentration; Caς
calcium concentration; ELEVςelevation.

Top environmentalpredictorsfor GroupC:
BIO5- max temperature of warmest month;Caςcalcium concentration; 

Mnςmanganese concentration; ELEVςelevation;BIO11- mean 
temperature of coldest quarter.

Top environmentalpredictorsfor GroupD:
BIO11- mean temperature of coldest quarter;BIO5- max temperature 

of warmest month;ELEVςelevation;BIO9- mean temperature of 
driest quarter;Caςcalcium concentration.

MAINCONCLUSIONS

Environmental factors Community distribution modellingBryophyte assemblages

Å Evenat spatialscalesasbig asthe Mediterraneanstreamwater chemistry,namelypH,playsa key role in
shapingthe distributionof fluvialbryophytes.

Å Theclimatealsoshapesthe distribution of thesecommunities,in this casethe key factor is the maximum
temperaturein the driestand/or warmestmonths.

Å Thespatialdistributionobtainedfor eachcommunityreflect the combinedspatialpatternsof
water chemistryandclimate.

Å Lowpredictedprobabilityof occurrencein siteswith a recordedpresencecanbe relatedwith
differential responses to environmental factors of the species that constitute each
community.

Å Bryophytic composition reveals that sites of different mediterraneanclimatic zones share
hydrologicandgeomorphologicfeatures,creatingnichefor sharedcore taxaandother region-
specifictaxaresponsiblefor eachregionsingularity.

Nigel Holmes, Polandin 2007 (photobyPaul Raven)


