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C lgssical moclels For /oz)fu/afzbm %ﬂmmra with dfgfg,»m[:

Discrete i Husion: U~ o/em/fy of /%u/aﬁbm om /oa‘ch\ [ of N

du‘ = c v . — - " -
T A C ST

N n
U. (1) = T 3 - -
(Lt JZD,J FJ (jeu (e + (i JZ’ D JF tu,0)u )

(often M= 2)
Diffusion:  UltI™ o(emffy of fa/w/afmzh relative to X;
€ ¢ R,(n=1,13)

or

M = f Au+ £ DU jn

Tf CL i boumdé’&/) o(&__@_+ (1-) U =0 on (?_(L

o dn
(Often F s im%epem/ez/lf of X )
These VMOa(elf have 0/7‘6“ bf*ek\ €X7L€M&/€C/ '/‘O Mo re gfgczgj-———

BUT DO ORGANLISMS REALLY MOVE LIKE THAT ¢



Movement i confinuous space
I. Local movement (as a contmuum //hm'f}

o At o small scale (Ax, at)  ditfuson  apises

from rondom  pearest neishlor  movement — N )

i

[01/'7L ‘H/)OﬂL VW'V be 6014&?/‘7[/'071?0/ on 7716 X-AX X XtAX
environment at the 0/6/00/7[“;”5 /oa///f) arrival /gp;mzj

neithere, or ot . 5(0/;/4'7: (A A ( By~ VBE)

Classical ofiHfusion (MM(WI&//%/UI;W/) . For a/eﬁsﬁly Utx )y,
ou = Vo dex oHVu.

rﬁ( €X]Le;40( to

)( = (XlJXz).b"j‘j at |
COTERY, . o o e Voot
___ii____,/—:—-j" COV\ﬂ/I.f/O‘VWI/ ﬂ/’/jl&fflm/\ . %—% V ﬁ({ (X)ﬁ) V{Z ¥ ) )‘

(IVIC/(/{MPS 2!_/_‘ — V‘L(O[[X}t)u> as ]);l Crofs- OIIJ[f(/flﬂh:) , o 4
o /45/%?5//'0#\ Oll/‘if'ff flf'OW\ dlfeéffﬁ/ WMV.?WI{‘ ( ,____7L________'L

)

Try 4) X X+
Scalvic. AY+AT ; Q_@_ = f(xjtam . DY
5 0t vate g




Some  Ssources/ /Wer‘/refailfom of Jocal moyement
be 7’0'/'”[ $ 174"/7/6 ATH usion ;

o Physica/ Processes and éMViY‘onm?Mfa/ Sfrucﬁ:re

0 Wiysica/ a/v.?c?lmr\.im afum[/‘c 5}/57{9,,,,5 [f_j, rrl've/-;)
(Hilker, Lews, Lufscher, “Wishet,...)

6 Laml’fcafe eHfects on mayen/IWﬁL) (e 7 Aitferent rofes

of movement in oitferent ferrain ) inferseces beTween
habitat + pes, ayz/’;offof y, €7c.) (Ovaskainen,...")

® igéhavlq,ra/ Y‘é‘;/)onfef/ n/mvemeﬂf 57‘}"017[?71'65

o Yery small scale: alter Aiffusion rate pasod om focal
N emvmowmemf (/(flﬂffff Cavee rgﬂﬁr‘cﬁv&/;pﬁ |
| s / reh
du=V- ALV (dxtu) y Aoy decrease as R

v ¢ Ax o JEE) habi it iaa//fy Mereases

0 fomewhaf /mﬂ?er scale: 00/1/€C7l o~ The b.ceS/'S.Of sensory
!'Vh[d{ma%l'mr\ ﬁtﬂ)"«")

I = 1. ;(x,é)'a

It ( Fagan and fMueler, ... )

(AX/L/Aé>



ﬂ, Nowlocal movememf

Evm{)iw’ca{ vesults  Show That the d/};ﬂerm/ /a%e/m of  some.
po /)u/ itions are not described well by cbiFfusion- adyecton

wodels  because they mvolve (possibly rare) /aﬁj distance
drspersal events.

Imff’graa{’ ifforontial models

— X E€Z 0~
[ [ fapod)oso (2,
ﬂ .

tronsit)
( el oc{c.; Martinez, Jin one Lewss, 5&3}4} ( &k miglit also de/lena{ on £)

e  Contwmuous time:

_@)_l_/_t — (I~6)/ 4([){,}/)01(/}3@?-'
<2

dt

/Vaf-c’: '_;’-Far o,// ogmf»ymuuf %/mé di!/?@f'fa/ mp/e/j wé Can
5€parorfe/y add /Oa/u/a%/aﬁ o/)/y{am/c Ferms

%‘2 = () + Freéaun
N r/(l'fpf/fm/ — 0‘/)"/’0‘”’”‘6J

( Also— a{z‘fperm/ terms way depend on p/éMff]L)/ utx,t))



Nowfocal models - Aiscrete Fme
o Im*egroo{if/emwae molels : |
ulx, Tt) = / K (X))/,ﬂ F()’,T, Uly,T ) U(y, T)o{/

(no s 1;44/)/-6 56/4;%7[(01;\ hetween Mkferm/
onel ﬁrawﬁn ffrms)

( Wemberser (19503) ; Kot 5 J.Clark , Am. Vat. 152 (1998) ; Lar )

(/1//9;4, Fajan, Hsu, Lewis, Lufscé,er) Ruan, . .. )
(didely used in f%uo/]/inj b:’o/oj:’ca/ invasims, ) i )

e e FA

0 .,}Q;),,./oeg/' wodlels allov " fat tailecd " ol or /effo crtic keenels '
More /€pfo/<urﬁb 0{11/70)’5@/ /75'/4{0{14:: 5/<a/5/</' and él.ﬂl’am) /Im./Va‘f, L{/ [2003)

u= F+S5 (fast ond slow)
0F =D, dF-B oF +as-bF

Y= gx™ Ix
d3 = D ‘-‘)15—— a;,f -—-aS-}—éF
Tt iy Fs Yy

( Dy, 8,50+ Hadeler, Hillen, tewis )



S50 why am I here ¢

EVo/ufiomary €Co[077 /oroé/emf re lated +o oﬁ)}oerm/
In heferogeneous environ meuts given a class  of
5EN50vY  apgl movement mechanisms, which ave
oﬁima/ cand which will actuall Y be.-0~éferyfp/,7

o Whiclhh can evolve ?
o Whiclhh can pem/‘ﬂL if fhey Ao evolve?

T deas : [ Mot yated b y game theory (Cresspon, Kriyan)
/o)/ way of a/a/f/')/e a//mm/cf ( Dz‘ekmamm-—ge?imner} ém‘a/e)]

Think of olispersal -,mecha;wfsmvs,ef)af strategies, which may e

. EVo/u/mnmi/y stable (ESS): IF a /U/u/af/‘an s m/hj am ESS,
no small /Qofu/afm'm uf/ﬁ/j aneTher s 7‘r’a7£6’7y Can invde .
* Convergent stalle (CsS5) : ﬂ/earé)/ jfmfe?ié’f allows
| small /00/(/1/&%/'02/\ to invade o /a/w/ﬁf/bn wsfﬁj a 5%;"5:7[37 /

that s Further away Ffronn the CSS
+ Neighlorhood Tnvader ( VIS) Allows small /o/a/a//‘am 4 invade




H'ﬁ[ow"l'CQI b Ck Vo Vlé/ | .
B ) j = (/Ojlﬂl/c'
(A, Has']lmfjgj T[Aeorefica/ pa/bl/ﬂfml/; gIO/Oj)/ Z_f/ (/753)/ 21/4“25/) / 7L‘/Iﬂ€>

Consider a model of The Form - Fexu) efecreapns m
/ £lo0)>0, Flg)<0, /arje

2{:_{ = D V" [/M(X)V(/l] 1 7[(X)M> U i[/\ _Cle'g/m)) i{:{: O on aﬂx(qao)
e | on
/ﬁig: classical olHfusion — no de/ﬂﬁlf(,ﬁ/fﬁfe ofy arrival or 0/%/741’7105’1/1”/ /o/hf

5“(f) fose w*y0 75 a stible eguilbrim Hastings also studtied 7he
A iscrete drHvswon Case

' L Aot [aTio ; , e
( fik of u* a5 a residenl population ) i=d Zpihie o), g i

L e———n——

r//l/ofe that if ¥ (x,u) is nonconstant when >0 7 constml
then we Cannof have f(x,u*)go. ( T+ 50 Then V-[ Vut[= O

o the bundecy comclion = i onstrt B Goondichon)

Think of v 45 on iMVao/zhj 51%6’:///70 M/a%lﬁ}.\ wi Tl similar
dispersal pafern but oitfesont rote; assume v has IHle impact om i,

W = dV-[ uR V] + £ (v 3 in Ouxce ), 2 =0 dcexiyes)
ot 7 on




/'Jasv‘nfnﬂs/ appvoatin ¢ contiyued )

For +he yvesident

% DV'(/u[x)VM*) *DC(X)M*)M*::O :'w..ﬂ.) g_&;o on 3@

For 'f‘he‘ invader ( lmeacized model ot Y = O)
KK dV-(poVP) b Fox ity = s a, Y

=0 on 0L
n

70 %"%‘

e Tnyasion 15 possible <= prmeipal eiGenvalye o7
o ﬁf’ Con be viewed 45 an eI:?fnm/&ze probfem.
Since U™ 70 , The principal eigenvalue 15 o,

‘lﬁng ﬂSSum{)'f‘_t_ﬂﬁ f(xju*)gO) 5o V(A*fo. |
fu?opose, d<D. |

o= =D ulwlset [HSu) Wkttt [Foosa

Ua"zdi ug—“l- |
N
over ._[7-) < jbﬁﬁ':sz "- /A ?‘ aK o+ ff(x)u*)/d X
% E: W (.(L)_‘ f¢-z,g/y
= 0 50 O 20 (= v Con /if:mc/e)




Conclusion £rom z‘/aﬂlnfljs/ aﬁ)mach:

IF u¥ S0 is a stable e’fw'/f;érium of

24 ) y
%Z — DV (/{()c)\?af) -+ f(x)a) Q. x(o ) | 26 m 0 x( ¢, 00)
n

oand F oy u™) ZO, Then u* com be nysded by & Suml
gJolmlaﬁa'm as:ﬁj Ais persal 57%7%7)/ d V“Q:/fx)VV)

<> 4 <).
Thus, no olisfefm/ 5/rmLej1/ with D>0 and Fixu?) Fo ..

Whaf is b gl,“.” of_ ﬁu&‘? (5e/ecf7/on for slowe o////&:f/dl/l)
. . & F I
fnfejroﬂtm'j the ezua’f{m For | M* —> ﬁ(x)ca )U Ax =0
> Aot il chonge sign if feq0) 20

e_j.:/ojufz'c case : Foout) = mexy—u® ¢hanging sign
= SuTrmid some Places — fU* does not W_sz ch
U%'(M[X) o?l}t%" /7/463)' @OOW'CQ G!Vﬁl/&?é//l%}’ mex)
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Related work: Daa/w% Hotson, /7//13‘041&3/—/&7&«/, Pernar 0w5k1)\7:/3'7a‘f"h Biol 37( /975/)/

. 6§/-83
Ju —-=/AA.M + [moy~u=v]
JE in LL X (0,20)
dv =V Av + [_'wa‘)-’u-vjv

———

du =3V =0 on 9.-¥(0,0)
i n

F,:[?( j merdy >0 Thew There are M//MZM@ 5/14'\7/43 5/@6&2} Ezw//zé;ﬂ/’a,
<2 |

(i 0) omdl (D,V%}.
’The 57/57lewv 15 mamofame Wﬂ'% fé’j‘f@&f ‘/’0 ‘Iqué 'arg,’/ﬁﬁ}éj‘
(U, YD) Z(U V) F oz, and VSV,

/ Gen@m( ‘
fheory

Thus ) solutions on  be studied us:lej sub- and faf@f‘ fr)/mfg,,, 3

If Cu%0) is uystbole, sofutuns startiic af ( A witt. v, swall anll

Lincrewse (p That or de‘f‘f%) Toward ansther- eguilibrimmv,
besults from DHMP (1985 - |

o *¥,
L Y < A = (U5 0) anstble, (o,*) sTeble 10 Coexistence. stife (U'y'V")-
\ ' = V excludes (L, (S e/em[:a;a b Sloper random ﬁ/lff-&f’fﬁ/ )

(0, (u¥pd



Why selecton Jor stwer vandom Aispersal ©

Sunpose /44.\64“'—1— (M )—uPIu* =0 in (1 . = O on @<L M”€>0
(ﬁf - . ) (‘}774 J > J
0

Hs ,/47—'?02 M*-—%Wu’x) w;xzi/brm/r on any closed subsef of .[.7../
5o u* malhes “vespurees® (as deseribed by mixy) beffer
%53 /M -7 0.
4. . < . -
W/mf about 60:’/20/17[/0;40;/ &//5/&’ sal s Iﬂ%f‘aﬁlaoé Soie - dd!/@cfmm}
see 1f it is /Oosnélz t2  mdleh. mog. o

Fifif‘f’ 5;66655 s T/‘)/ ﬁd\/‘emfp;/g, Mf ﬂ;e jyaﬂlft’MZL o/ Hiex) (Ee[ﬁacem,CJ

du = V’[/a Vi — ot Vm | + (mer-c)u in (L x(0,50)
dé

/m?j{; ~AUM =0 O &LZ.X(Q,W) Cno Fluy ;b,C.)
o - dn

Kes U H’s: ( Usinj W= e m% )m E.vae?fs»fi:b:é.ﬁl o i’/K@aWWi ) -
e 6_‘_’_"‘3“‘)’ e >0, smally allows o¥ #o mateir, meey befter 1, 5im/07€ -

T Adtusion bl net ﬁW/@ﬁLly
X [arge causer u* o aamo%fmfa near /écuéf of ma), mm‘c/eu}zj
mek) les well . ( Coptrell, ¢ 5 Lou}lﬁ@ efa/.}‘ iy Lam)




o » 6
(u30), co,v7) eqmlihee. For

m: u =V [ uVu-auVm] +( mod—u-vu
u*: . Jt /u :] [ no ][/117(>
Vo e 3! = Ve[V V——(W ij + ()= =V VY b.c.

£

)\) av,b,}lrw)/ /L{) J QY'IW%'I/’){}/)
(57 swall | X /arjg @ [ g€ ) K very /&/jf/
¢ Coexistoce) (v wms)

U*  malches M

pefler fhan v ¥
Ut overmatches m U and v¥ both ovenmat s
Techpical note — where m 1§ /m"je) when ma 1s | ” aYLM
pwncipal e/jawa(ues umelormatehes when W et M”"[Wh .
aré o /<€Y tool m is small. '% [AV;\ s small, hyt v*
( Bemsf)’Cki; v overmwfom ;47/ :W“ e m bﬁ%’f /h‘m’ Mi..—
Lopez-GomeZ when 13 SWa - -,
) aﬂfg'féf’r”-"maft:heg hen )W\ QMQS{;(}VI. ¥ we reguire Myp 2/1070)
ave there ony em/af:’onm//y stable

also, wonofone
me o s s large. L orioe
/aroﬂ‘mv'\ oF com y A fﬂ strategles " im tus class?
(Peffecf mafeh o my) /m/goff/éfe)

(SMFM\) | (w{észia( e




‘(u’fo /ca/ bﬁc/‘gmtm&/ 0761/1/\ |
( 50ch Yof man/ zm‘efeff/n w/mf aéauf evo/uf on 0/ &//f/ﬂ/‘)‘&/)

- MMcfeek K. Ho /7‘ %]menmn Viiteralis? 140 (1991), 1010~ (027

chrefe ﬁme and space (2. patch) models based on Ricker mode!
e = v exp ( [ u(@)]u(ﬁ) Cooith /mmmefm 50 Thal Keestabile ezéf//)lowaM

Z pafches carr)//nj Ca/mm/ es /( FK,.

D/”am'és U, (.41 [ expli-d O+ [ Ui &) (Symmetric cga:{ef,%m
K eCo/Oleo// eMﬁca
(7=1,7) v (£+)= [r éx,ﬂ(/ U (é)ﬂ/[gﬂ V- (£) @erf/f0ff>
()#1)

5) . “Tor < ol WSI 7/6’6&/ 7
Di f{f/‘m For © 0{12) D , D, < | pr Com/ggz‘,/om

o Uil = /) M (é+/) +(/ /) )u @) with ol Ferent a’
(1=1,1 ~ |
e 0{'J V (Ee)+ (/ 4 i teen Smulate; see i’

5W‘V/V€5
Conelusions © L+ 4/1 [y DJ = D 1) selection Favors slovier ﬁﬂS/Jem/

( a( di’ UMComd’if/oma/ a(uferm/ smee K, 2K, /s ivrelevant.
“concdy ﬁowa/ 0//5/&’564/ %e/)em/wj on K Is a &///fefmil ffofy / wore. [ater >)
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o 1t Evi/uffm/”\ Afde\
MaThematica ﬁma//sis sz/fjjefff That  in /ojisf/t'f//?ﬁ wod/s

U — v .
— (; ( —_ et T
- ) )

Lot V) ’"“WO]" H=0 o -2 % (0, )
The Com/pefif/ve ad W;/I?lﬂ e 708! fo 5%/"4%@\7/91 ot }a//pw w o

“best mateh™ wrppy
o Back to McPook ond Holt (1992): Two /Ja%f/\f) indlexed by [=ha:

Uy (te) = £ (@) Wi t) > uplerd) = D & (éﬂ)ﬂ‘(,_%.i)qm/)
Vi (20 = 7 Cuie)+vire) v () 7 J

R V"[ﬁ) %d/‘lx(ﬁ*’)*(/‘f/}}‘)\//\{/é—f/j
ASMMZV that the wodels it *’)-'i?-[;#'(z?ulfé)) w{%{')‘i‘ha\}{e stable @Za///szz'&\ /( .
T sawrsl v, Weluck and Yol Frud ot ot i

R4 ’J - K\/' /D\,‘i’ woulof f@”ﬂ'&f‘ﬁft Com 66%01}\ wiThh oﬂler f/?mle 1és
(Those of"ﬁjem/ strategies keep (u,upy = (K, ;) Foxed, 50 allow The

WY”M%&W fo matcl resources exact [y witn o vet movenent

o eZw’/;[Wmm_)

e Tl‘e fea%aﬂef Gve V’é/ﬂﬂé’ﬂ/ 7o Ce/'/émﬁz CCa/Oj/Zq/ 71 eories aboul fovs
OY‘ﬂﬂVlf}WU are ex/ﬁem[ea/ 12 o) S WP 7%6}%{ e



A0
ECO/Ojica[ _n]é'ar}/: Toten| Free DistribuTion

$.D. Frgfwe// J l%wlaﬁm'; M a Sea 50:14/ Envr}"ommeﬂ?ﬁ brincetm Umi/m/.?l;' tress 772
5,D. Fre%w‘?//) H.L. Lucas Jr. Acts ﬂz'oféeoref/'cu‘[j //770)/ 16- 24

Ver/ba/ des:ﬁﬂl/bm of How /M//I//'/aalr will  Jocale fhepﬂfe/f/ejff
o If ‘ino/’/vi/ua& have Com/ﬂ/;ﬂ?le /Wlow/e/je of Their envicomment

and Gre free to moye y fég/ will Jpcate Themselyes o op limize
£ itness .

(Here fitness is im‘er/refe/ Wi The evoutinafy sense of e;fea‘e/
re producf tve success rate, It f/vfzka//y ﬁ/fe/ena/f o~ ot and crow;/wj.)

I.W‘f lications:
o A €Z'w'/férmm ) Aa// individugls a? sl /pm//‘om will have'

ezm/ fz'fnesf. ( Otherwise sowmie ma/z'v/'a/ma/f wou/c/ Moveé 7Lo
I'k/lcréaje ﬁleir‘ /1'7[//),9;;‘
o A efw‘[éf,’,,m Fhere  should be no et movement

( Since in divid tm/f have 0/76')%}.265/ Then /05'@%”‘,4‘5
( Individuals could Frade /7 Jaces )



2]

Meso —scale infer fr;d‘gﬁaixs of joled] Free ﬂ//ffﬂ'émﬁa'm

Q..b_‘ = V’[/(X,M)Vbt—-p(uVé’(x,u)J + J[(X}LI)C/(_ on ﬂX[OJpQ)

ot
/L{?E - D(MQ__Q =0

Tn o o L X (p, 20)

Imferﬁofef Fitness a5 local inbrinsic 7rowﬂ« rofe £ 1y JU).
P Dymamic jddes. For Mm/ free o//'sdoéf’m/ . more UJO 7raﬂ//€//z7L
of Ftx,u> or some related Zuam%g
. E Z'M‘z'/fb rivm ldea for ideal Free 0//3406/3'&/ Dou¥ o EZW’//EI"?JW
Eé)/ua[ f,ﬁ;g;s’;f f(x) u#* = conffgnf
Since j Fesut)ubpy =0 (by no-flux boundary conelifion)
s mphes  fex,ut)y =0 ( Direcf/// Canfrm/icﬁzf/j
key ascumpton in

] : ‘. | - ‘
Vo L ueutVut au* Ve usfl= 0 in € (+8.0)

Mievo scale issue: l/\/haf 5%1‘&)7‘8‘7/?5 q// ow ﬂ/: Wit " >0',7
Macro Scale Issae: Are These )’ffaﬁﬂj jes stable?
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A Hernative a//';/erm/ 5 7Lm7L€7f€f /t?ﬂﬂ/;z'/j To an jdeal Frpe s 1 buits i

o ConciFional a/z's/ﬁrm/ reguires /<l4014//€0/7€ of cond Yons
' KMow{ere of condltioms reguires sensory informatin

s u/o/ose thal  the seNsory Yegponse To & stimalus s i Ges)
(5 m:’ghf rep vesent The pumber of rvesource items or other
individuals encountored in upit Time.) To wake sense Ges) should
be Increains. Suppose individuals advect on the apsfiont of D
5" 17[3[61”611 Cgéefwﬁe” sensoly. reyonses D resources apd 4o

%% =-V.[ ‘4( VGim - Vi )]+/M/x>~u)u = 0. Assme M) >0,

This model ﬂ%ﬂafff an 7&:/%%/’)’5/}% A=) (idea free 0/157[”‘/1147510343;
Amy model of  ths fyfoe is I'Mfefef%/lﬂj ) éﬂf :
& Weber-Fechner L aw! The 1'1/{%614;!7!}/ of sensory re;/ame % stmulus s
logacifhmic” ( Gesy= ¥lnesy, 50 Vommy= ¥ Vm/p, )
(5.Dehaene, Trends m »L'ojnh’;ve Sctence 7 (2003), /45 -147) Creters To number sense )
T : —%7. X _ - =-X17. — VM -
[ hen ;_g = -V 2{[& Vr«"mi u 3_7__0\0!]-1’;@4[)() “mwu XV[VM o« _M_;‘]-l—ﬁ/l{x? M)M
s (used in orquial Keller=Segel’ Chemetoxis Moddel I78 30142, 235~ 247

z/e/mi‘ )




A /+6fﬂa7l7\;€ S%V'a"tfj'"@ (cmﬁm)eoﬂ (MA/X) >O)

o Aodvechon on seusor y_vesponse, usw'/j Weber- Fechner i+ ( %axis)
ou = YV }:Vu — U Vm] + (M) —-U-V) U jn L2 x (0, £0)
ot m

U _ gt =6 o d2x(0,/)

——

dn IN

Note: Mo ofivect a{”eym'f}/ Aependonce in ai%jme%*m/—~ 50 Twis 57%%67 y s ot
Airect| y fitvess o/e/em/enf , does nof reguire devsit f Mformation.

(Tt can be "'47%'“/) reted as “move up V. lput 90 shwer if m s /afj,g\\_ I

A differont_mechanivn: Recall That in wicro-seale. dffusion proesses

where The frolmé//{f y of mow)fj 0/6/6/40/5 on /z;.’m/fare /azm‘ as f,6)
and o~ artival fofmf as fz(x) ) The A Husion ezmall/m;\ T

ou = D/V’[fzfx)z V( ﬂmqﬂ +(min-u) U, ( kipesis)
Jt Pr00

If F,((%f b’o'\ fiues {a/forff an. /'/pg/ Free ﬁ/,;%f,'é”/,bm Uz=m.
P2 m

I,ﬁ 00. () = 7//{/;17 “”10/ szﬂ‘:?’zm This /asf ?Mafmh becomej

[

o= ¥ V- [m)V __({L) + - u = Yy V'[ VM*“..V.’?_"] + amsy-u !

cﬂ ? M%) m_l |
(Olﬂviouslf There are more /059'4//%’65)




E\/O/Mﬁo-l/lﬂf)/ 572@,’/[79 of fo/eﬁ/ free 9/13/6’10’&/ based on 0/‘/1?6#0.14
Considor — du = M V’[V(A"(AVP] (Mo —u=v)
. P

2
3__\/ =p V- [Vv-vVQ]+msy-u-v) ke
[ V- VPl = [ -y Vp}ﬁ’ =0 on 0LLx(0,A)

PO me C(); my,mn>o. (Thew T (uyp), (0, V"))
R.5. Cautrelly C.Cosner)Y! Lov, Malh. Bioscionces cnd Engineerinj 7(2000),17-3¢
T Averill, Y. Lou, D. Meatfhyor | 7. 5/'0/071?4/ Dynamijcs, 7o sppenc

R Gejfi, Y.Low, b Murther, T. leyton, Ball, Meth. biology, o appea

Ié\_[l’l_.' ‘(/4\/6#‘1.//)"1’;001)MMW%W): 5(,,//055 /927/1/!}’14 m:o/ Q""/I/IVI/\ 15
not constont. Then (U?,0) /s j/oéa//)/ c:f/m/yfoﬁm//y s7able

Remarks: Tiws shows That within The closs of 5ﬁa%ejief of
the Fform /u‘Vo[ Va-—uVFj) The 5%raf€j:?5 Witk P=lhm ave
The om(y /)om'lg/e evolutongyi /y sTable ffrafejzéf (Simze They Can
mvade any oTher 7‘{/@ of 5/rafe7)/) ond are evo /m‘fanc,,n'[)/ sHble
(becawse Tney campot be lnvadecd ¥ oy other + Jpes.)
( However, fwo 5fm/eﬁfe; with = Inm loat MEY couled 60€X/'57L.>

J
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/\/014/0(@/ Wloﬁ/{’/ff KTeclAw‘Ccf{
%%é :-';f/ /]%)‘)77“()’70/7 ——// /]<M(y,x)0/y UO) + (m ()~ =V issues —
- Mo laclk of
QX - . //k ()(/ )/>V(}/>6( - 0/ [>+( (=4 — ’rej(}[ﬂlﬂ.—fy/
It I / (/’kv()/»() )7'\/” M=V, compactness
e - exisfence
I/ 7<M ()(,y) :/u 7( (x-—y)) %v (X,)A =y 7<'(X'/)) M< V) | efflemfw/chbm

them in ﬁemem/ U wins. 4 fe/ecfrom for $/pwer 0/13/—9/5&/ > I—
( Hufson, Martinez, Mischai kow Vickers, IMB 47 (2003), 453 -517)

T deal free condifion: / % e yymey) ey =//4< ()/)XM(}/) W (x)
—- 7

Cexample: K 1) = moomgF)

COV‘SI’ﬂ(ef 51”3/6 5/€Ci€f €Zw%;ér/'!/1m (/f*) 7La/<e Hﬂlﬂzl;fﬁf a//}roac&).

%{ = [ mrvpdy “/ / 4%‘/)”057 V6D Fmt)-1i*v )
<2 2

IJ[ 44:; ()(//)/v rp/?a/ Free §/‘mf€ y/ % Cmm(nl /'MVaé/e _
1+ k, thy) Ts nof icdeal freg “some choice of L, allow mvasion

( C') Davl'/&) Mﬁf‘fm-é{) (/Va'féf Kao,Leu, Shen 2010~ ditfusion vs. nom/oca/- “slower W“’”)



/o Q1
gack 7Lo baficf.' Paﬂléh 1/140&/»”/)’ 0/ Vavious 5or]L;

o Sowetfimes emvirommen%f are reo,//y /ﬁff/?’) and fmfoﬁomf
Wl/lenomema arise From /Mﬁhirmj

* Fipite Aimeusional models ma 4 be Technics /// jess p/)'f/ffr’m/f )
and may give imijhf; info  more technically AF5 cult mdef;

( Abrams, Allen, Cantrell, C., 06414\76 iy F”j‘?“) Hmfmjj) /7’0/76
Hsu, Lou, Ovaskainen, Rusn, Tyson, ... fro/aﬁb/}/ missed some /De()//e... 3)

5{1/[?[6 /Ofu/ﬂf/'m/l) 7LW0 0/5‘5/6/,(0/ S%fﬁ]%?ief,' fafghej /°::/}...)l/l
| {/_g, = Z diju; —(Z A

Yu; + i Capr) vy

s) J J j:) Ji =y
o | n n 1=l q
Vi = S e Ve — .. . . . Ay
At J=! DU \{] Gg DJI )Vl + fl (“1+VI)VJ

7[,- /071'57LIZ fﬂpf" yf/o)>o) f;./<0) J§//Q)$0 for /'z‘.-’f;*-/)'w)”

, n n
v on dfional o(’/;(perm/ if dij=di; s ideal Free F 2 ik =(Z i)k
’ - J \}’ ) :/ \} J .';) U
(L] 5 b (i=lyn) Y J



Patch wodlels ¢ contriued! )

Adui _ 2 ) d
Av; " | " ff;”"/oy/kf/z Type
> = v = (Z D\t Fcuprv) v )P
At F, iz J-.-.,J')' e
ov  dliscrete time 8201{1/&/6:47‘5 without C;c/ej or _cligos

5mewgf7 ot /'€)’M/7L."3

. Selection for slower (/!MCOM&//%/(M%/ ﬂ//'f/?efﬂ?/
° F_'a»f‘ 5 z?luiﬂliom fha% can e otescribed b bd These mode (s )
selection aﬁmmf a//f/oefm/ mlo smks ( £:(0)<0),
f____l;:__f oTher factors can cham5e that

o Tdeal free a//;%e/m/ ffmfej/'ef avre él/o/u%ml/mm'/)/ Fven

stable , non- IFD strafesies ave not. ( Muffiple ﬂit}r/c
IFD strategies are mutua //)/ neut ly stable. aﬁfiﬁggi;}ﬁ

o /26;1/:‘/7‘5 extend fo some ma/ffs/ﬂec‘/zaf MO/e/f __/_____=;f

There arve Ao cycles or Chaos ém‘ @ [ _here aiej
(Ha'sf'mé 5, Ho/‘/’lf' ”/76/745/@ ’45”4’”’/9 Schreiber “3{6"/-) CaMfVé’//) - DPﬂﬁjf//f;ﬂw/{on} Lo )




Wh af if There are no s fmfejfff /md’u/}j To an idesl
Free afl'sfm'éwflbl/i?

( The s%rm‘ejy of no dispersal at all asm/// produces an IFD)
5o Those situations wheve some a//f/erm/ s unavoidable
are 7716 ones ﬂzm‘ aye /'Vlﬁ?fﬂf/ﬁj,)

Modlels  with travel loss ¢ DeAngelrs ef al. ) Lo fwy) :
0/01[ = (/""é) _Z- dru: - (é A

m————

A€ J=! J J=! t/".)a’“/_ f/ cup)

with 0(’,'\}- >0 Fixed for some /}J‘.

( motivated /J;/ azumlic 5/ff€mf with /h}/f/f al fmm/yoff hetweeon
some /MfChef)

Mo LTFD s ,ﬁom'é/e m 76%:9//4/ hut There dp oxist

e\/o/af/omarl'/)/ stab e {%m% fjief in Some cases 5 Those

can he ex/ /1'c1'7[ /7 ﬁ/-efcrf éf/ . WhtﬂL abauf other 14400/61 7L/ﬂ{£{




Time o/e/em/e;/ff environments

Discrefe fime avd s pace ( with some asmm/?//a/%f)
Pom’b/e /Ohenomel/[a (/Mc/?-@ek omd! /7/0/7‘ /;‘/7927 |

o Selec fz’on for some /005/5//1/6 amawﬁf of 5//5/6/5'&7/ GIWIOﬂj’

umcond '%/on’a/ 3 fmfej | €s

* Fast/slow  poly worphism

* Selection of a 5/)(.’6//;"6 S/raf?j}/ That would be idesl free.
for the mean Cﬁr{‘}/m'j ca/jad%}/ C as Oﬂlooﬁé‘&/ fo a

cotinuupn of TFD sfmfé’sief wn The case of
%em(fam//y constant envivenments )

Coytinuum modlels : |
- Ju = MAU +(mixe) ~u-v)u moxdAT)= mixt) (pomodic)

{,0&%/24// b Vt}f)/f”j but

gt ) ) ( Vavious V‘efa/ﬁjahc/uﬂ’/n;ﬁ
V = VAV + (mixt)—h—V) ’ ’ '
?t I?VMCI/%// f/?fMVq/M{J ;

[azer, Hess, Ruan, Shom, Zhao)
/‘/uf’sop\)Miffhai/aLv, /%/aa/( (2000) : Sometmes se/fcf/m;l Ffor fasler A Huston.

What ghout conditional advective /ﬁ//'f%/m/é‘ 5fr'a7:€7/€j ,? 7 ?




T Mfeﬁro Adifference woclels

“(X,TJf/):f /<(>(/)/)F(y)‘7)(,((y,T))U()/,T?C/}’
Agh

Lwnécr case: (,((;()7'+/):3/ K(zg)/))\(y,T)M()/,/)&/)’ < ( Ul T))

<2

Fev /)afu/aﬁm 7rowfh : 5/r (/4)\) 7 |
Hacdm, Tokac, Webb, STAM. Agpl. Mot 45 (1958) 1396= 1473 :

Alles A= N (y) € I\ where N <c L, inf fadn i A AF vo,
, Reiuirﬁ f k/x,/)afx <! ¥ yecz (rogam tmfo/u/afzom From |

)

Extend  class o/ o/e/afa/r 4o pe measure valued (dual of C (EL))

> Tr}/ ‘Ito choose I< fo max imi e S(K)_/L> /;4{5;fr(/</\>, )\6__/‘,_}
( 5(/<}./L)7 !ﬁ/oefsisﬁ’//fce for any ) c_/L. )

Result « Mo movement, toat is, Koogyy= 8-y, Is o maximizer,

What e/h_{_gig Q___g_g? What abouf Ess, LFD, efc. ¢




