
Spawning

MMM
MMS

pe
ci

es
M

MM9
is

tr
ib

ut
io

n

A
n
g
u
ill

a
 a

n
g
u
ill

a
hq

3

SVÄ~S/9hÄq(Ö*ÄT9)Ä~Sh(;*S/~'~)Syh;@°hUTVÄ@/q'~)ShyhÄq(;*S/hyh97

HxMREFEREN8ES
hhhhh'U@~h4m:43h'U@~h*edhqisthofhThreatenedhSpecies3hVersionh4m:4343hwww3iucnredlist3org3håownloadedhonhmWh&ayh4m:z
hhhhh*håevelopmenth@orehTeamh4mmW3h*,h9hqanguagehandhÄnvironmenthforhStatisticalh@omputing3h*h(oundationhforhStatisticalh@omputing3hVersionh43:43m
hhhhh*udnerh&3h4mm_3hq*y&esh,hVisualizationhofhlogistichregressionhmodels3hVersionh:_m_5h4mm_h
hhhhhSarkarhå3h4m:z3hqattice,hqatticeh)raphicsh*h²ackagehVersionhm34my:z34m:z
hhhhhTeschh(3yW3h4mmz3hTheheel3h;xfordMhU/Mh7lackwellhSciencehqtd3h_mWhpp3

(xM78KNOWLE9EGEMENT

hhhhå99åMhÄq(;*S/

hhhh9inah9nderssonMh®onash@hristianssonMhTonyhSahlberg

(lorianhStein
åepartmenthofhÄcologyhandh
Äcosystemh&anagement
TechnischehUniversitäth&ünchen
Ämily*amannyStr3k
W5z5_h(reising

phone,h8_xhzz:hxPPh4PPk
Äymail,hflorian3stein+tum3de

Ärich°übner
'nstitutehofhÄarthhandh
ÄnvironmentalhScience
Universitäthofh²otsdam
/arlyqiebknechtyStr3h4_y45
:__Pkh²otsdam

Äymail,
ehuebner+uniypotsdam3de

3xM8ON8LUSIONS

-xMIncreasedMmigrationMactivityMunderMnewMmoonMconditionsMmatchesMwithMtheirMnocturalMbehaviourxM²othMbehavioralMpatternsMleadMtoMtheMconclusionMthatMeelsMtendMtoMavoidM
MMMMilluminationMinMorderMtoMminimizeMexposureMtoMpredatorsx

,xMModerateMwaterMtemperaturesMusuallyMappearMinMspringMandMfallMzMseasonsMofMheavyMrainsMandMfloodsxMTheMresultsMmatchMwithMtheMassumptionBMthatMeelsMareMquiteMinactiveMduringMhotM
MMMMsummerMandMcoldMwinterMtemperaturesx

qxMHighMdischargeMconditionsMvalsoMexpressedMinMwaterMlevelMandMprecipitationyMcanMtemporarilyMconnectMlenticMwatersMtoMriverMsystemsMforMtheMmigrantMescapementxM
MMMM7dditionallyBMtheMconditionsMenableMtheMeelsMtoMsaveMenergyMbyMusingMtheMwaterMflowMforMaMpassiveMdownstreamMmigrationMvmpassiveMdriftmyx

3xMTheMapplicationMofMGLMsMseemsMtoMbeMaMreliableMmethodMtoMidentifyMpreferableMmigrationMconditionsMonMtheMbasisMofMaMlowMnumberMofMenvironmentalMparametersx

,xMMETHO9S

'*hVideohcamh

°åhVideohrecorder

'*hemitter

permeablehfencing

dam

eelhmovementhdirection

riverhflowhdirection

:4hVhpowerhsupply

viewhofhinterest

FigxM3kMStationaryMeelMtrapMinMSkärhultaånMatMhighMdischargexMPositionMofM
photographerMisMmarkedMasMMMMMMinMFigxMqMvSteinM,f--y

FigxMqkMSketchMofMtheMstationaryMeelMtrapMinMSkärhultaånxM7llMelectricalMunitsM
areMstoredMinMwaterproofMboxesMvHübnerMdMSteinM,f-qy

StudyMsite
smallhcreekhSkärhultaånhthathdrainshseveralhlakesMh
Ätranhriverhsystemhl°allandh@ountyMhSWhSwedeng

EelMmigration
stationaryheelhtraphthathcovershentirehdischargeh
ofhthehcreekhl~h5P°h:m34k4uMhÄ:4°h_P3:_zug
Äelharrivalshwerehaccuratelyhfilmedhbyhanh'nfrared
videohcameraMhrecordedhonh°åhrecorder3

EnvironmentalMparameters
waterhtemperatureh
onset®h°;7;h²endanthTemperaturevqighthåatahqoggerhk_/
h

waterhlevelh
onset®h°;7;hU4mhWaterhqevelhqoggerh
;dysseyT&h@apacityhWaterhqevelhqogger

precipitationh
onset®h°;7;h&icrohstationh°4:ymm4

moonhilluminationh
http,vvaa3usno3navy3milvdatavdocsv&oon(raction3php

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM9ataM7nalysis
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh7asedhonhthehmeasuredhenvironmentalhparameters
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhadditionalhcumulativehandhmeanhvariableshwereh
generatedhforhthehconsiderationhofhtheirhdynamics3håifferenceshbetweenhthehcurrenthmeasurey
mentshandhthehmeasurementshofh:htohPhdayshagohwerehcalculatedhforhwaterhtemperaturehandh
waterhlevel3h@umulativehprecipitationhwashcalculatedhinhthehsamehtimehintervals3h~ewhvariablesh
werehaddedhtohthehdatahsethashindependenthvariables3h)eneralizedhqinearhmodelshl)q&sgh
werehestimatedhinhu*uhl*håevelopmenth@orehTeamh4mmWghandhvariablehselectionhwashbasedhonh
9'@3h7inomialhmodelshwerehweightedhinhorderhtohavoidhzerohinflation3

&odelhsurfaceshofhthehquasipoissonhdatahsetshwerehllustratedhbyhwireframehlpackagehulatticeu
Sarkarh4m:zghandhsurfaceshofhthehbinomialhdatahsetshbyhthehopenhsourcehprogramhq*&eshh
l*udnerh4mm_g3

9uration
(allh4m::hlmk3mW3ym_3::gh
(allh4m:4hl4:3mW3yzm3:mg

 

ModelMname
&odelh9w7h
&odelh@wåh

responseMvariable
dailyheelhabundance
eelharrivalhtime

predictorMvariables
dailyhresolvedhenvironmentalhdata
5hminhresolvedhenvironmentalhdata

family
quasipoisson
binomial

ThehÄuropeanheelhlAnguilla anguilla q3ghhishonehofh
:5hcatadromoushanguillidhspecieshwhichharehwidelyh
distributedharoundhthehglobehl(ig3h:g3hThehcomplexh
lifehcyclehincludeshseveralhmarinehandhfreshwaterh
stageshl(ig3h4g3hWhilehdevelopinghintohmigratingh
silverheelsMhtheyhleavehthehfreshwaterhhabitathandh
headhtowardshtheirhspawninghgroundshinhtheh
SargassohSeahlTeschh4mmzg3hh

-xMINTRO9U8TION

FigxM-kMLifeMcircleMofMeelM
vGissurardottirM,ff(y

Äuropeanheelh
stocksharehinhsteeph
declinehandhthehspeciesh
washaddedhtohtheh'U@~h*edh
qisthofhThreatenedhSpeciesT&hashh
criticallyhendangeredhl'U@~h4m:4g3h9longhwithhnaturalhimpactsh
severalhanthropogenichfactorshsuchhashmortalilityhbyhturbineshofh
hydroelectrichpowerhplantsharehproposedhashpossiblehexplanations3h
'mprovedhknowledgehofhenvironmentalhconditionshtriggeringh
downstreamhmigrationhishessentialhtohadapthturbinehoperationhtoh
migrationhpeaks3

h

FigxM,kMEuropeanMeelM
vTeschM,ffqBMeditedy

FallM,f-- FallM,f-,

h

&odelshonhdailyhdatahsetshfromh4m::hl7ghandh4m:4hl²ghshowhsimiliarhtendencies3h&aximumh
abundancesharehpredictedhifhcumulativehprecipitationhofhseveralhdayshishmaximalhwhilehwaterh
temperaturehrangeshbetweenh~h:mhandh:W°@3h9bundancehlevelhishgenerallyhhigherhunderhnewh
moonhcondition3hThehpredictionshroughlyhmatchhthehrecordedhabundanceshl4m::,hmaxh_kJh
4m:4,hmax3h:Wg3h

&odelh9MhestimatedhonhthehhighhresolvedhdatahsetMhshowshahsimiliarhtendency3h&igrationh
probabiltyhgainshthehmaximumhifhwaterhtemperaturehrangeshwithinhahcertainhrangehandh
cumulativehprecipitationhishmaximal3hTheheffecthofhnewhmoonhseemshtohbehmorehdistinctiveh
underhlowhprecipitationhconditions3hThehtemperaturehrangehishclearlyhmarkedhwithhnohmigrationh
probabilityhbelowhkh°@handhaboveh4mh°@hunderhfullhmoonhconditionshl9MIghandhahveryhlowh
probabilityhunderhnewhmoonhconditionshl9MIIg3

&odelh8hdoeshnothshowhahclearhtemperaturehrangehandhtheheffecthofhmoonhilluminationhish
lower3hThehcumulativehprecipitationhdoeshnothappearhsignificanthbuththehcorrelatedhlm3PPgh
variablehwaterhlevelhchangehdoes3

qxMRESULTS

ModelM8oefficientsMvModelM7y
l'nterceptghhhhhhhhhhhhhhhhhhhhhhhhh
Waterhtemperature
Waterhtemperature²
@umulativehprecipitation
&oonhilluminationhhhh

Ästimate
yx3PmP:4
h:3zxWm4
ym3m5m__
hm3mz_xP
ym3W4:k5h

Std3hÄrror
43_x__k
m3z544_
m3m:4zP
m3mm_45
m3zW:PPh

thvalueh
yz3Wx
hz3xP
y_3mW
hW344
y43:5hh

²rlü't'g
m3mmm4mhDDD
m3mmm:5hDDD
m3mmm:mhDDD
hhhh4ey:4hDDD
m3mz_44hD

ExplainedMdevianceMMMMMfx)(
SpearmanMR²MMMMMMMMMMMMMMMMfx('

ModelM8oefficientsMvModelM²y
l'nterceptghhhhhhhhhhhhhhhhhhhhhhh
Waterhtemperatureh
Waterhtemperature²h
@umulativehprecipitation
&oonhilluminationhhh

Ästimate
y:m3mxPW5
hh:3_:54W
ym3m_Wm5
hm3m_:4W
y:3_mmzP

Std3hÄrror
535_m5m
m3xmzzW
m3mz5WPh
m3mmWk4
m35xxWz

thvalue
y:3W4
h:35Ph
y:3z_
h_3Pxh
y43zz

²rlü't'g
m3mP_h3
m3:4_
m3:WP
:3keym5hDDD
m3m4_hD

ExplainedMdevianceMMMMMfx(q
SpearmanMR²MMMMMMMMMMMMMMMMfx('

FigxM3kMModelM7MzMEelMabundanceMpredictionMonMdailyMdata3hThehtwohsurfaceshrepresenththeh
modelhresponsehforhthehpredictorhvariableshWaterhtemperaturehinh°@handh@umulativehprecipiy
tationhofhthehlasthkhdayshinhmm3hSurfaceh7MIhhhhhhhh,h(ractionhofhmoonhilluminatedhishsethtohcony
stanth:hlfullhmoongJhsurfaceh7MIIhhhhhhh,hfractionhofhmoonhilluminatedhishsethtohconstanthmh
lnewhmoonghh

FigxMHkMModelM²MzMEelMabundanceMpredictionMonMdailyMdata3hThehtwohsurfaceshrepresenth
thehmodelhresponsehforhthehpredictorhvariableshWaterhtemperaturehinh°@handh@umulativeh
precipitationhofhthehlasth_hdayshinhmm3hSurfaceh²MIhhhhhhhh,h(ractionhofhmoonhilluminatedhishseth
tohconstanth:hlfullhmoongJhsurfaceh²MIIhhhhhhh,hfractionhofhmoonhilluminatedhishsethtohconstanthmh
lnewhmoonghh

²rlü't'g
m3mmm4WhDDDhh
m3mmk_4hDD
z3:ey::hDDD
m3m::4khDh
m3mm44khDD

ModelM8oefficientsMvModelM8y
l'nterceptghhhhhhhhhhhhhhhhhhhhhhhhh
Waterhtemperature
Waterhtemperature²
Waterhlevelhchange
&oonhilluminationhhhh

Ästimate
yP3z:_m_:
y:3m4xWm4
ym3mm5WWk
ym3m4Wkzz
hm3xzk4Pmh

Std3hÄrror
43m:_Wkk
m3zPPW__
m3mmmWWkh
m3m::4xP
m3zmkk:P

thvalueh
yz3kz
y43Pzh
yk3k_
y435z
hz3m5hh

ExplainedMdevianceMMMMMfx,:
SpearmanMR²MMMMMMMMMMMMMMMMfx'H

ModelM8oefficientsMvModelM9y
l'nterceptghhhhhhhhhhhhhhhhhhhhhhhhh
Waterhtemperature
Waterhtemperature²
@umulativehprecipitation
&oonhilluminationhhhh

Ästimate
y:W3kPxW
hhh43PWx4
hhym3:mP_
hhhm3mk_W
hhy4354::h

Std3hÄrror
53m4xm
m3Wmmz
m3mz:zh
m3m:4x
m3Px4k

thvalueh
yz3P:
hz3_xh
yz3__
h53m_h
yz3:Whh

²rlü't'g
m3mmm4mhDDDh
m3mmm_xhDDD
m3mmm5xhDDD
_3PeymPhDDD
m3mm:_PhDD

ExplainedMdevianceMMMMMfxq,
SpearmanMR²MMMMMMMMMMMMMMMMfx'H

FigxM(kMModelM8MzMEelMmigrationMprobabilityMpredictedMonMhighMresolvedMdata3hThehtwoh
surfaceshrepresenththehmodelhresponsehforhthehpredictorhvariableshWaterhtemperaturehinh
°@handhWaterhlevelhchangehofhthehlasth5hdayshinhmm3hSurfaceh@MIhhhhhhhh,h(ractionhofhmoonh
illuminatedhishsethtohconstanth:hlfullhmoongJhsurfaceh@MIIhhhhhhh,hfractionhofhmoonhilluminatedh
ishsethtohconstanthmhlnewhmoonghh

FigxM)kMModelM9MzMEelMmigrationMprobabilityMpredictedMonMhighMresolvedMdata3hThehtwoh
surfaceshrepresenththehmodelhresponsehforhthehpredictorhvariableshWaterhtemperaturehinh
°@handh@umulativehprecipitationhofhthehlasth5hdayshinhmm3hSurfacehåMIhhhhhhhh,h(ractionhofh
moonhilluminatedhishsethtohconstanth:hlfullhmoongJhsurfacehåMIIhhhhhhh,hfractionhofhmoonhilluy
minatedhishsethtohconstanthmhlnewhmoonghh

:åepartmenthofhÄcologyhandhÄcosystemh&anagementMTechnischehUniversitäth&ünchenMh&ünchenhvh)ermanyMh4'nstitutehofhÄarthhandhÄnvironmentalhScienceMhUniversitäth²otsdamMh²otsdamhvh)ermanyMhzåepartmenthofh7iologyMh/arlstadshUniversitetMh/arlstadhvhSweden

FlorianöMöStein1,2,öEricöHübner2,3,öNöLoesöMBövanöSchaik1,2,öOlleöCalles3öandöBorisöSchröder1

InvestigatingMdownstreamMmigrationMpatternsMofMEuropeanMeelMvAnguillaöanguillaMLxy


