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

Birds areimportantcomponentsof biodiversityconservationcapableof indicatingchangesin thegeneralstatusof wildlife andmight beusedasindicatorsof landquality. ThePan-EuropeanCommonBird

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

farmland birds, reaching 44% between 1980-2005! We suggestthat information on seasonalcharacteristicsof vegetationcoverderivedfrom high temporalresolutionvegetationmetricsof remote

sensingimagescould facilitate themonitoringof farmlandbird habitats,andthat theseindicatorsmaybea betterchoicefor monitoringthanclimatedata. We usephenologicalmetricssuchastheannual

Net PrimaryProductivity (NPP),annualStartof Season(SOS),SeasonLength(SL) plus a combinationof derivedpermanentandcyclic componentsof vegetationcover. We showby meansof linear

ordinationandby variancepartitioningthat thephenological parameters provide a better indicator of European farmland bird distribution than climate andmight betterevaluatethespecies-energy

relationship. Basedon the probability resultswe suggestthat phenologicalindicatorsderivedfrom remotesensingmay act as indicatorsfor variousaspectsof vegetationand land cover functional

compositionandthattheseindicatorsmaysupplybetterindicatorsfor continentalscalebiodiversitystudiesthanclimateonly. Indirectly, thephenologicalparametersmight alsobeusedto drawconclusion

on landandecosystemquality by linking to goodstatusof biodiversityindicatedby farmlandbirds. In addition,theseindicatorsarecostandtime effective,areon a continuouslocal to globalscaleandare

readilyrepeatablewhile supplyingstandardizedresults.
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abbreviation species name common name 

AlaArv Alauda arvensis Skylark 
AthNoc Athene noctua Little Owl 

CarCan Carduelis 
cannabina Linnet 

CarCar Carduelis 
carduelis Goldfinch 

ColPal Columba 
palumbus Woodpigeon 

CorCor Corvus corone 
spp Carrion Crow 

CorMon Corvus 
monedula Jackdaw 

CotCot Coturnix coturnix Quail 

EmbCit Emberiza 
citrinella Yellow Hammer 

EmbSch Emberiza 
schoeniclus Reed Bunting 

FalSub Falco subbuteo Hobbz 

FalTin Falco 
tinnunculus 

Common 
Kestrel 

HirRus Hirundo rustica Swallow 

LanCol Lanius collurio Red-backed 
Shrike 

MilCal Miliaria calandra Corn Bunting 
MotFla Motacilla flava Yellow Wagtail 

PasMon Passer 
montanus Tree Sparrow 

PicPic Pica pica Magpie 
SaxRub Saxicola rubetra Stonechat 

StrTur Streptopelia 
turtur Turtle Dove 

StuVul Sturnus vulgaris Starling 
SylCom Sylvia communis Whitethroat 

VanVan Vanellus 
vanellus Lapwing 
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Input data:
1) Environmental Classification of Europe (Alterra,

Wageningen). The 13 Zones (colours) and 84 Strata

(borderswithin colours)gavethe spatialunits for the

analysis.

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

EnvironmentalStrata.

Figure on the top: A three

yearssubsetof theNDVI time

series curve (thick line) and

the forward and backward

lagging moving averages

(dotted lines) 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 of NPP) = 

a+b+c+d+e+f+g; MI 

(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 

Minima. These indices were 

derived for each of the ten 

years from 1999 –2008.

23 farmland bird 

species were 

selected for the 

analysis.
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Analysis:
Theyearlyvaluesof thephenologicalindicesweresummarizedin temporalmeanvaluesandtogetherwith theestimatednumberof breedingfarmlandbird pairswereaggregatedwithin theStrataof theEnvironmental

Stratificationof Europe(84 classes). Climatic variablessuchasthe meanmonthly minimum andmaximumtemperaturesandmeanmonthly precipitationwerealsoacquiredandaggregatedwithin the environmental

Strata. Prior to theRDA we haveorthogonalisedthephenologicalandclimatic explanatorydatasetsby meansof PrincipalComponentfactor analysisto avoid multicollinearityof thevariables. The numberof factors

selectedwasbasedon theeigenvaluesof thecomponentsandwe kept thosecomponentsin theanalysisfor which theeigenvaluewasgreaterthen1. Threecomponentswith aneigenvalue>1 wereselectedfor both the

phenologicalandtheclimatic variableswith 98% and95% of thetotal varianceexplained,respectively. Initially we selectedall thevariableswith loadings>0.6 on theindividual factorcomponentsandconsideredthem

aspotentialcandidatesfor theanalysis. In an initial RDA model(RedundancyAnalysis)we havedeterminedthesignificanceandF-valueof eachphenologicalandclimatevariablesin structuringthebird community

datausingtheMonte-Carlopermutationtestwith 999permutationsandthelogarithmof theareaof theEnvironmentalStrataascovariate. To produceareducedsetof ecologicallymeaningfulandorthogonalexplanatory

datawe haveselectedfrom eachphenologicalandfrom eachclimatefactorgroupthevariablesthatfulfilled thethreecriteria(1) highestloading,(2) highestsignificanceand(3) highestF-value. This procedureresulted

in threephenologicalandthreeclimaticvariables,respectivelywhich enteredthefinal RDA modelsstructuringthefarmlandbirdsdatain thephenologicalandon theclimaticvariables,respectively.

Results:

Conclusions:
Phenologicalvariables performed better than climate in explaining the variance of bird speciesdistribution . Thefirst two RDA axesof theordinationwith phenologicalindiceshadhighereigenvaluesandhigher

species-environmentalcorrelationsthantheRDA axesderivedafterordinationwith theclimatedata. Remotelysensedphenologicalindicesarereadilyavailableon a continuousspatialandtemporalscaleandon high

spatialresolution. Meteorologicalobservationson the otherhandaresuppliedon coarserspatialresolutionsandneedto undergointerpolationmethodsin order to deliver a spatiallycontinuouscover reducingthe

accuracyof thedataset. Moreover,unlike remotesensingindicesclimatedatado not inform on habitatsanda comprehensivedatasethasto becompiledfrom differentmeasurementsources. Thedecompositionof the

NDVI time seriescurveinto phenologicalmetricsmay yield additionalinformationon variousaspectsof vegetationandland coverfunctionalcompositionin relationto dynamicsof ecosystemfunctioningandland

use. Birds arevaluableindicatorsfor biodiversityconservationastheyarecapableto showchangesin thebroadstateof thewildlife andof thecountryside. We suggestthat the link betweenfarmland bird species

and phenologyderived from remote sensingcould improve the assessmentof farmlands, helping identify high nature value and goodquality lands in an objective manner andthatphenologicalindicesmight

find a broaderusageto indicateothertaxaandmorecomplexpatternsof ecosystemstate.

Tables: The RDA model constraining

the speciesmatrix on the phenological

variables explained 38% of variance

in thedistributionof the23 bird species

(sum of all canonical eigenvalues)

whereasthe climate data explained

8% lessvariation .

Figure o the left: RDA triplot of

farmland bird species (crosses),

EnvironmentalZones (icons) and the

significant phenological indicators

(arrows).

Figure on the right : RDA triplot of

farmland bird species (crosses),

EnvironmentalZones (icons) and the

significantclimatic indicators(arrows).

The gradients extracted from the

phenological variables resulted in a

clear distribution of the Environmental

Zoneswhereasthe gradientsextracted

from the climatic variablesconstructed

a strongly clustered(thus not readily

interpretable)pattern.

RDA triplot constraining the species matrix on 

Phenology.

RDA triplot constraining the species matrix on 

climate.


