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Farmland bird indicators of land and ecosystem quality assessed by remote sensing

Birds areimportantcomponent®f biodiversityconservatiorcapableof indicatingchangesn the generalktatusof wildlife andmight be usedasindicatorsof landquality. The ParEuropearCommonBird

Monitoring Scheme(PECBM) hasbeencollecting datafrom 20 independenbreedingbird surveyprogramsacrossEuropeover the last 25 years Thesedatashow dramatic declines in European

farmland birds, reaching 44% between 1980-2005! We suggesthat information on seasonatharacteristicof vegetationcover derivedfrom high temporalresolutionvegetationmetricsof remote
sensingmagescould facilitate the monitoring of farmlandbird habitats,andthattheseindicatorsmay be a betterchoicefor monitoringthanclimatedata We usephenologicaimetricssuchasthe annual
Net Primary Productivity (NPP), annualStartof SeasonSOS),SeasorLength(SL) plus a combinationof derivedpermanentnd cyclic componentf vegetationcover We show by meansof linear
ordinationandby variancepartitioningthatthe phenological parameters provide a better indicator of European farmland bird distribution than climate andmight betterevaluatethe speciesenergy
relationship Basedon the probability resultswe suggestthat phenologicalindicatorsderived from remotesensingmay act as indicatorsfor various aspectsf vegetationand land cover functional
compositionandthatthesendicatorsmay supplybetterindicatorsfor continentalscalebiodiversitystudiesthanclimateonly. Indirectly, the phenologicaparametersnight alsobe usedto draw conclusion
onlandandecosystenguality by linking to goodstatusof biodiversityindicatedby farmlandbirds. In addition,theseindicatorsarecostandtime effective,areon a continuoudocal to globalscaleandare

readily repeatablavhile supplyingstandardizedesults

Input data:

1) Environmental Classification of Europe (Alterra,
Wageningen) The 13 Zones (colours) and 84 Strata
(borderswithin colours)gavethe spatialunits for the
analysis
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23 farmland bird
species were
selected for the
analysis.

abbreviation species narfie

2) European Bird Census Council, Atlas of European Breeding
birds (1997). The Atlas integrates25 yearsof samplingin more
then 40 countries, producing data on breeding certainty and
estimatesof the numbersof breedingpairsper each50*50km grid
squarefor 495species

3) Remote Sensing data: NDVI (Normalised
Difference VegetationIndex) time seriesdata
were acquiredfrom the SPOTVEGETATION
sensorin decadesformat (10 days maximum
composite)for 10 years covering the period
from 1999 to 2008 for the extent of the
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Figure on the top: A three
yearssubsef theNDVI time
series curve (thick line) and
the forward and backward
lagging moving averages
(dottedlines) that are usedto
derive the SOS and EOS
points

Figure on the bottom:
Productivity and phenological
parameters derived from the
‘. temporal signal of the NDVI.
Total Biomass (TB,
approximation oNPP) =

2003
Veg.
Index

at+b+c+d+e+f+g; Ml
(Minimum-Minimum Integral)
=d+e+f+b; PF (Permanent
Fraction) = b+e; CF (Cyclic
Fraction) = g; SOS = Start of
Season; EOS = EndOfSeason,
SL = Season Length, FMIN =
First Minima; LMIN = Last

2005

Minima. These indices were
derived for each of the ten

years from 1999 2008.

Theyearlyvaluesof the phenologicaindicesweresummarizedn temporalmeanvaluesandtogethemwith the estimatechumberof breedingfarmlandbird pairswereaggregatedvithin the Strataof the Environmental
Stratificationof Europe(84 classes)Climatic variablessuchasthe meanmonthly minimum and maximumtemperaturesind meanmonthly precipitationwere also acquiredand aggregatedavithin the environmental
Strata Prior to the RDA we haveorthogonalisedhe phenologicaland climatic explanatorydatasetdy meansof Principal Componenfactor analysisto avoid multicollinearity of the variables The numberof factors
selectedvasbasedon the eigenvalue®f the componentandwe keptthosecomponentsn the analysisfor which the eigenvaluevasgreaterthenl. Threecomponentsvith aneigenvalue>1 wereselectedor boththe

phenologicabndthe climatic variableswith 98% and95% of thetotal varianceexplainedrespectivelyinitially we selectedall the variableswith loadings>0.6 on theindividual factorcomponentandconsideredhem

aspotentialcandidatedgor the analysis In aninitial RDA model (RedundancyAnalysis)we havedeterminedhe significanceand F-value of eachphenologicaland climatevariablesin structuringthe bird community
datausingthe Monte-Carlo permutatiortestwith 999 permutationgandthelogarithmof the areaof the EnvironmentaStrataascovariate To produceareducedsetof ecologicallymeaningfulandorthogonalexplanatory
datawe haveselectedrom eachphenologicabndfrom eachclimatefactor groupthe variablesthatfulfilled thethreecriteria(1) highestloading,(2) highestsignificanceand(3) highestF-value This procedureaesulted
in threephenologicabndthreeclimatic variablesyespectivelywhich enteredhefinal RDA modelsstructuringthefarmlandbirdsdatain the phenologicakndon the climatic variablesyespectively

Results:

Phenological and biophysical variables significantly structuring farmland bird community composition.

Variance explained (A) 18 calculated mn addition to all other variables in the model (conditional effect).
Partial RDA with climatic parameters and log area as covariables

Variable names and codes A Frafo P
munimum Apnl temperature (AprmmT) 0.15 258 0.001
January mean precipitation (JanP) 0.03 109 0.001
May mean precipitation (MayP) 0.03 8.15 0.001
Ital'ljal RDA with phenological parameters and log area as covariables A Fratie P
- 1 » Al ¢ | 111 (s
0.26 312 0.001
Mean MUTB ratie (MI'TE 0.12 215 0.001
temporal maxmum of first MIN day (£MINd)) 0.01 3.43 0.025
significance calculated with Monte Carlo test runntng 999 permutations.
RDA with farmland bird community composition in Europe constrained on the significant phenological
mdices and on the significant climatic variables.
P Axis 1 PAxis2  CAxisl C Axis2
Eigenvalues 0231 0.120 0172 0122
Species-environment cotrelations 0.756 0.750 0.937 0533
Cummulative % of variance of species data 31.8% 47.0% 21.8% 2%
Cutmulative %o of.varialnce of species environment relation  66.2 %(Q%% 56.6 %(%6%
sum of all canonical eigenvalues 9% > 0.4 %
F-ratio / significance 21.8/0.001 14.8/0.001
e — v S ——

P: Phenology C: Climate

Conclusions:
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RDA triplot constraining the species matrix on
Phenology.
Alpine North

1.0

RDA triplot constraining the species matrix on

climate.

Tables The RDA model constraining
the speciesmatrix on the phenological
variables explained 38% of variance
in thedistributionof the 23 bird species
(sum of all canonical eigenvalues)
whereasthe climate data explained
8% lessvariation.

Figure o the left: RDA triplot of
farmland bird species (crosses),
Environmental Zones (icons) and the
significant phenological indicators
(arrows)

Figure on the right: RDA triplot of
farmland bird species (crosses),
Environmental Zones (icons) and the
significantclimatic indicators(arrows)
The gradients extracted from the

0.6 phenological variables resulted in a
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clear distribution of the Environmental
Zoneswhereasthe gradientsextracted
from the climatic variablesconstructed
a strongly clustered(thus not readily
interpretablepattern

Phenologicalvariables performed better than climate in explaining the variance of bird speciedistribution . Thefirst two RDA axesof the ordinationwith phenologicaindiceshadhighereigenvaluesandhigher
speciesenvironmentatorrelationghanthe RDA axesderivedafter ordinationwith the climatedata Remotelysenseghenologicaindicesarereadily availableon a continuousspatialandtemporalscaleandon high
spatialresolution Meteorologicalobservationn the otherhandare suppliedon coarserspatialresolutionsand needto undergointerpolationmethodsin orderto deliver a spatially continuouscover reducingthe
accuracyof the datasetMoreover,unlike remotesensingndicesclimatedatado notinform on habitatsanda comprehensiveatasehasto be compiledfrom different measuremergourcesThe decompositiorof the
NDVI time seriescurveinto phenologicametricsmay yield additionalinformationon variousaspectf vegetationandland coverfunctionalcompositionin relationto dynamicsof ecosystenfunctioningandland
use Birds arevaluableindicatorsfor biodiversityconservatiorasthey are capableto showchangesn the broadstateof the wildlife andof the countryside We suggesthatthe link betweenfarmland bird species
and phenologyderived from remote sensingcould improve the assessmentdf farmlands, helping identify high nature value and good quality landsin an objective manner andthatphenologicaindicesmight
find abroademusageo indicateothertaxaandmorecomplexpatternsof ecosystenstate
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