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IIovwo givor To TpoPinuo pe ta vaapyovro MK;

Tpeig TutrOoI MK:
1) MnXavioTIKA JOVTEAQ
2) MovTéAa «o01koB€ong» (niche-related models)

3) EpTTEIPIKA HOVTEAQ
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Movtélha 01K00EoN S

So-called ‘niche’ models “estimate

niche-related objects at an unknown
point along a continuum between the
fundamental and occupied niche”.
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(Resource Selection Functions)
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Species distribution and prediction and climate change
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I'evikevuévn Xovaptnolokn AToKpion
(Generalised Functional Response)

ology, 92(3), 2011, pp. 583-589
© 2011 by the Ecological Society of A

Generalized functional responses for species distributions

2.7 - 4.5 : 6
JASON MATTHIOPOULOS, Mark HessLewniTe,” GeerT AArTS.*” AND JouN Fiesera®

'Scottish Oceans Institute, School of Biology, University of St. Andrews, East Sands, St. Andrews,
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*Centre for Research into Environmental and Ecological Modeling, University of St Andrews, The Observatory, Buchanan Gardens,
St Andrews, Fife KY169LZ Scotland, United Kingdom
SWildlife Biology Program, Department of Ecosystem and Conservation Sciences, College of Forestry and Conservation,
University of Montana, Missoula, Montana 59812 USA
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*IMARES Wageningen UR, Institute for Marine Resources and Ecosystem Studies, P.O. Box 167,
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Abstract. Researchers employing resource selection functions (RSFs) and other related
methods aim to detect correlates of space-use and mitigate against detrimental s
change. However, an empirical model fit to data from one place or *
species responses under different conditions becauvs~

changes in habitat availability. This phenome=
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I'evikevuévn Xovaptnolokn ATokpion
(Generalised Functional Response)
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Mmopovue va pafovpe T1og pneTafarieTar n yOPIK) KOTOVOUN
€€eTAloVTUS TOVTOYPOVO TOALATAG TEPLPUAAALOVTIKA GEVAPLA

ATTAG euTTEIPIKO MOVTEAO
WPOTiUNONG...

W E— E'KP(Z ﬂ:x:)

=0

...KOll ME YEVIKEUMEVN OCUVAPTNOIOKK ATTOKPIO

Wy —exp{(?'nn""’n.k)"'zza"?})zl[k” I+Z (?m-l-ﬂk)xrl-xfzz fm)E[-X}",k:'J}
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H avTtidpaon evog opyaviouou TTpog 1o HETABAAAOEVO TTEPIBAAAOY,
MITOPEI VO TTEPIYPAPEI ...

...MEOW ATTAWV OTATIOTIKWYV OTIYHWV (moments), OTTWG Ol MECEG TIMEG
Kal Ol 100 TTOPEG TWV TTEPIBAAAOVTIKWY HETARBANTWV.




E@oppoyn 610 6TOTIGTIKO TOKETO

modO: Use ~ Food + Cover

modl: Use ~ Food + Cover +
EC1 + EF1 +
Food:EF1 + Food:EC1 + Cover:EF1 + Cover:EC1
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I'kpt Aokor (Canis lupus lupus)
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Correlation and studies of habitat selection: Estimating space-use and habitat preference from wildlife

problem, red herring or opportunity? telemetry data

John Fieberg!:#, Jason Matthiopoulos2, Mark Hebblewhite?,
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Mo gvomomuévn OlKoAOYiLd;

preference = exp(Z{stuff}) NT = exp(X{stuff})

. Xopn ZoTkomTa Avvoyur
AwbecrpotTa . _ .
KOTOVOLIT) (Fitness) TANOLG LDV




IpoTtoyevig cuvelc@opa 6to pvOuod petafoing g
CoTikotntog (Fitness rate)

-

< 0 eav ro x eivar avenxpxéc (sink habitat)

Fitness rate: F <=0 sav ro x sivarovderepo (fitness-neutral habitat)

>0 gav 7o X givai enapréc (source habitat)

. Xopikn ZonkomTo Avvopucn
AwbecrpotTa . _ .
KOTOVOLIT) (Fitness) TANOLG LDV




IpoTtoyevig cuvelc@opa 6to pvOuod petafoing g
CoTikotntog (Fitness rate)

Fx = i Gk(mk)

km]

. Xopikn ZonkomTo Avvopucn
AwbecrpotTa . _ .
KOTOVOLIT) (Fitness) TANOLG LDV




IIpmToyeviic cuveELGQOPA 6T0 PpLOUO peTafornc g
Cotikotntog (Fitness rate)

X k k —k, Kk, —k, ks
E, =ZGF¢($.E)=ZRA'($&)_ Z B(z,)+ Z O, (=, )
frm = , k-l ek -yl
Tgpor An;.hg' Zuvﬂqﬂ;

Decreasing Modal

Resource Risk Condition

AwfecIoTnTaL Xopur Lsulicsin e Avvayuk
Kazavopur (Fitness) TANBLG LDV
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H ouToTria £X€1 ATTEPIOPIOTOUG TTOPOUG, AVUTTAPKTEG ATTEIAEG KO
1I0aVIKEG CUVONKEG
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Mo gvomoinuévn 0tKoAoYylia;

. Xoprkr ZoTKOTN T Avvaypnkn
AwbecrpotTa . _ .
KOTOVOLIT) (Fitness) TANOLG LDV




Mo gvomoinuévn 0tKoAoYylia;

wx fx
U =

; -[E wrf?dy
F(f) = Z F(0)y,

Allx

—=L = exp(F(f))

AlaesolpomT XwpIkA ZwTIKOTNTA Auvaler]
KATAVOWN (Fitness) TTANBuUC WV




INUOVTIKES EMEKTAGELS

1) Movtehomoinon Tov puOuov LotTikotnTeg pe 'evikevpévn XovapTnolok
Amoxkpion

2) Ewoayoyn mokvoeaptnong (Density dependence)

3) EEétaon mopadoclok®y OsmpnTik@V povtélov Kotavouns amxo ta 1960-1970 (m.y.
Ideal-free, despotic distributions etc.)
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E@appoyn 1" : Katavo®vtog TIS 6Y£6EIS NETASY
REPLPUALOVTIKOV neETUPANTOV

RESOURCES 87

{a) Essential (b} Perlectly i) C
|

R n

A—
e e o \ —
(d) Antagonistic (e} Inhibition
F R
A

b by the i

383 Resource dimensions of the ecological niche




E@apuoyn 2" : AROKOAVTTOVTOS TNV HOPPT TNS
Oenuelmo0vs 01K00EoNC

AvTtioTpo@n Taitvopounon
(inverse regression)

®don 1". YRoA0ylop0g TOV EVOTOLUEVOD
HOVTELOV GE TOALUTAES ENPUVIGELS TOV
gldovg

Ddon 2. ALOOUEVOV TOV TAPOIUETPOV TOV
EVOTTOLNHEVOV HOVTELOV, TTOLY,
nEPPAAAOVTO IKEVOTOLOUV T1] GLVON KN

Fz0
(AvEnon TS GLVVOMKN S COTIKOTNTOC)




Egappoyn 3"
XapToypaenon Tov COTIKOV
gvolartnuotog (critical habitat)

Eav to {oTko gvoraitnpa givan
TOVTOON O NE TO EMUPKES EVOLALTI AL
TOTE OEV £YOVUE TUPA VO
YOPTOYPUPT|GOVUE TO GNUELN TOV
LKOVOTTOL0UV T1] 6VVONKN:

F 20




Epappoyn 4"
YR0oAOYIGNOG TS QPEPOVGUS LKAVOTNTOS
(carrying capacity)

IHopovoia mukvoeEdapTnong
(density dependence), o€ oo péys0og
nAN0vopo? ( ‘Nt) enépyeTor pndevicpog
TNGS GVVOAKNG LOTIKOTNTAS TOV
rmepipariovroc ( F' = ());




E@apuoyn 5": IpopPrsnovrog
NETAPAALONEVES KOTUVOUES

Ta vrapyovra povrélo Katavoung eival avaSlomiota Yo {oKoUg 0AAE Kol QUTIKOVS
0PYOVIGHOVG.

H I'evikevpévn Xovaptnolokn) Amokpion avEaver Ty TpofAemTiK TOVS IKAVOTNTO.

AVEAVOVTOC TEPUITEP® TO MY UVIGTIKO TEPLEYOUEVO TOVTMV TOV HOVTELO®V, B0 eKTEIVEL
Kl GALO TNV O10PATIKOTNTO TOVC.

Surface Air Temperature Increase 1960 to 2060
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Generalised functional response

| M; |
EQY 1X)=h"4 (00 +dhi )+ D D SSVE| X ]+Z[(y, 0+ )% +X Z Z SE| X |
j=1 m=0 =1 j=1 m=0
Pairwise interaction
Random terms between all
intercept covariates and all
expectations
Fixed effect of Ran.dom _
expectations coefficients in

response to
covariates




Total cover available (C)

80

70

60

50

40

a0

20

Environmental Extrapolation

20

T T
40 60

Total food available (F)

o 1st order 2nd order
sl
T
80




AMNAETIOPACES NETUSY TEPLPUALLOVTIKOV NETUPANTOV

Ze(x )+ZZG (0 )

k=1 m=1

O a0poroTiKEG EMOPACELS, PLTOPOVY VU EXEKTAOOVY ng ypfion emmAiiov 0pOV
(.. Yivopévav)

. Xopikn ZonkomTo Avvopucn
AwbecrpotTa . _ .
KOTOVOLIT) (Fitness) TANOLG LDV
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O pvOuog petafoing ™ LOTIKOTNTAS EVOS OPYAVIGUOV NTOPEL VO peTofarieTon
ovoavaAloya o€ 6yEcn nE To «GOporona» dvo petofnrov

ILy. H avéntikn tdon o€ Kamwowo mopo pmopel vo eravavel Ty 0TIk exidopaon
K3mTowov aArLov TOpOov.




Resource 2

AwOsopotnro

il

Environmental space

P= 1ol

Opomg, kKGmowor 0pyavIGHOoL pTOPOVYV VO
«ONUIOVPYOVY» VEOVS TUTOVS EVOLULTI|LATOS
Ropalovtag Tov yPOvo ToOVS 6€ TOAAUTAG GTUELD.

Resource ! (Akpoio TaPaOEIYHOTA, GE LETAVUOTEVTIKA E101))

i ZoTKOTN T -
Awafec1uoTn IO Xoprkrn El Avvoyukr

KOTOVOLN (Fitness) TANBLo LDV




AEVTEPOYEVEIS GUVELGPOPES 6TO PLONO peTafoing g
COTIKOTNTOS
(Neighbourhood effects on fitness rate)

4

Low serial autocorrelation High serial autocorrelation

Low spatial autocorvelation

High spatial autocorrelation




AEVTEPOYEVELS GUVELGPOPES 6TO PLOUO peTafoing g
COTIKOTNTOS
(Opaiomoinon NS TUKVOTNTOS OLXOEGIHOTIITOV)

f/=[w_fdy

X X,y Y f‘
E E

0y

&

2

Omnov t0 Wx,y givan évag I'kaovoravog
TVPNVES TOV 07TOL0V TO SN e CapTdTon:

1. AvTi6TpO@P MG, 0O TNV GLTOGVGYETI G|
™S KaOBg meprfpailovtikic petafintig
2.Tnv ovoyétnon netolv petafintav

3. Tnv KivnTIKOTTO TOV OPYAVIGHOV
4.To 1poVIKO TAUIGLO KIVNGT)C




Xe amhd EAAnvika;




Yyéon neTacv pvopov COTIKOTNTOS, TPOTINONS KL
KOTOVOUNG

W = eXp(CFX(f))
w_f
ux —= X X
IE Wyfydy

Set C —> o0 for fitness rate maximisers
(e.g. optimal foragers)




Xe amha EAAnViKG;

F/

X€ ad10TapayTo TEPLPALLOY, 0 pEYIOTOTON TS COTIKOTNTOUS TEPVAEL OAN TOV T1)
Con otov BEATIGTO TUTO EVOLOLTI|NOTOS




Application 1: Understanding mechanism




>1) Niche = oikoB¢on
>2) Habitat = evliaiTnua (6pwg Odnyia yia OIKOTOTTOUG)
> 3) Resource Selection Function = Asitoupyia (?) emAoyig Topwv
> 4) Functional response = A€ITOUpYIKI| ATTOKPION
> 5) Home range = xwpokpdreia
> 6) Fitness = dapRivikr TTpocapuoyr (f aTTAWg TTPoCapuoyn uTrd
> 1NV MPOoUTTA0ean 6T 0 AAAOG avTIAauBdaveTal 6T dev apopd adaptation)
>7) Autocorrelation.= autoouax£Tion
> 8) Cross-correlation = cuoxéTion
>9) Gaussian Kernel
>10) Resource = mnyn / mépog 11) Extrapolation lNa
> auTOV KaIl TOV ETTOPEVO OPO, OEV EEPW av UTTAPXOUV avTioToIXol EAANVIKOI
> - gUEIG 01 PN abnuaTikoi Toug peTa@pdalouue cuvhOwg
> TTAPAPPACTIKA I YEVIKA WG TT.X. N EKTiUNON... 12) Interpolation
>13) Fundamental niche = BepeAitodng oikobEan
»>14) Realised niche = rpayuarotroinuévn oikoBéon

»>>3) Resource Selection Function
»2uvapTnan €mMAOYAG TTNYWv? (TO resource TTOU ava@EPETAI?

>>4) Functional response
» 2UvVapTNOIOK aTTOKPIOoN

>> 8) Cross-correlation
»OIACUCYETION

»>9) Gaussian Kernel
»[kaouaiavég TTUpAvag

»>>11) Extrapolation
» Xuu TToTé O UTTOPECa va Bpw KA PETA@paacn yia auTr) Tn AéEn. 'Exouv
»>TpoTabei o1 Aé€eig "mpoekBoAnR” kal "TTapekBoAR" (Ae€IKO OTATIOTIKNG) AAAG
»>TTapda&eveg pou @aivovtal. Av gival GTo XPOVo TO Aéw OUVRBWG TTEPIPPATTIKA,
»>"€TTEKTACN OTO XPOVO", TTOU Kal auTd eV gival cwaTo.

>>12) Interpolation
> TTapPEUBOAN




