t"_
oy

pontents

b b

- I Imntroduction 1
- 1 Ecological patterns in time and space 3
IR AR BITUCEIITRE & . « . ¢« v o s wdald o o & & o 3
- 1.2 Spatial and spatiotemporal structures . . . ... ....... 6
- 2 An overview of modeling approaches 11
- II Models of temporal dynamics 19
4 3 Classical one population models 21
I 3.1 Isolated populationsmodels . ................. 21
3 I e it s e g s R | A 25
T e e 27

I R = ¥ ¢ o b s te s s e e nae ey O 30

i Glanceatdiscretemodels . ................... 44
T o i e R Lot A S 46

4 Interacting populations 49
4.1 Two-species prey-predator population model . . . . ... .. 50

42 Classical Lotka-Volterramodel . . ... ............ 57

4.2.1 More on prey-predatormodels . . .. ... ...... 58

L e i S ey rateat bt b S8, 59

4.3 Other types of population communities . . . ... ... ... 60

4.3.1 Competingpopulations . ................ 60

k2 ‘Symbloticpopulations .. .. 0L UL UYL S0 L. 62

s Leslle-Gowermodal . . .". ', ., UUV LS00, 64

4.3.4 Classical Holling-Tanner model . . . . .. ... . ... 65

: D Uther growlh models . . . 5 ", . . o, e ate b nes ess 66
4.3.6 Models with prey switching . . . . ........... 66
4 BT . e gty L 68
4.4.1 General quadratic prey-predator system . . . . . . . . 71
E 442 Mathematical tools for analyzing limit cycles . . . . . 72
44.3 Routh-Hurwitz conditions . . . . . .. ......... 74
3 4.4.4 Criterion for Hopf bifurcation . . . . ... .. ... .. 75
£ L5 Instructive eleample [ p 0N s sl s el o o 76
- SEl!  Poincasd mapos Sl S aloaias deimiianst . | 77




GOvrfsodimeleson of MATLAEE o0 . inodhdd walhes ¢ o ¢ 80

4.0" "Movesbontralims-sslosoin . o . rooreipdedite Lo 87
4.7 Age-dependentpopulations . . . . . ... ... G W 0 .l 91
4.7.1 Prey-predator, age-dependent populations . . . . . . . 95

4.7.2  More about age-dependent populations . .. ... .. 96

4.7.3 Simulations and brief discussion . . . . ... ... . | 108

5 Case study: biological pest control in vineyards 111
o Phgbasidel i) Jangials, Vicwol Teuskemol oy o e 112
9.1.1 Modeling the human activity . ... ...... ... . 114

5.2 ' More sophisticated modelh . . 15wy Lgk s staniae b 116
2.} “*Models comparison . ‘v e . Jrgp@Epeyadngal 1 122

5.3 Modeling the ballooningeffect . ............... . 124
5.3.1 Spraying effects and human intervention . . . . . . . . 134

6:3.2' “Ecological discusfion’ .*>'2 " M MERGNT A e 134

6 Epidemic models 137
mie~sDenic opitfetviermadals el ol mitiy abiead modeling, erooei, 137
BNY SOmIpear il 4oC o anes POl DT T Y A8 RAY 139

0.k 5 Standeard Tacidemse 1] VRS IACA T Ls 141

6.2  Other classical epidemic models . . .. ... .. ... .. 145
6.3 Age- and stage-dependent epidemic system . . .. ... ... 147
6.4 Case study: Aujeszky disease . ............... . 151
6.5 Analysis of a disease with two states . . . .. . ... ... . 156

7 Ecoepidemic systems 165
7.1 Prey-diseased-predator interactions . . ............ 165
7.1.1 Some biological considerations . . ...... ... .. 176

7.2 Predator-diseased-prey interactions . .. ......... . . 178

7.3 Diseased competing species models . . . ... ... ... . . 184
£33 - Smolation GIREmeean oD TR R 189

7.4 Ecoepidemics models of symbiotic communities . . . . . . . . 191
7.4.1 Disease effects on the symbiotic system . ... . ... 194

7.4.2  Disease control by use of a symbiotic BRECEES i 195

IIT  Spatiotemporal dynamics and pattern formation:

deterministic approach 197

8 Spatial aspect: diffusion as a paradigm 199
9 Instabilities and dissipative structures 205
9.3 - Ruring patterns - . ¢ . ¢ SRNDGop 8 gl Sl ERL, 206
9.1.1 Turing patterns in a multispecies system . . . . . . . . 218

9.2 - Differential flow mstability - . . afgepsey Yoyl . 200, 223
9.3  Ecological example: semiarid vegetation POSIERINO . DS, | 231




9.3.1 Pattern formation due to nonlocal interactions . . . . 236

RS rinelnding YeImAEEE + & & v v s De ok s s oroe s e dabodd ok 245
10 Patterns in the wake of invasion 247
10.1 Invasion in a prey-predator system . .. ... ... ..... 248
10.2 Dynamical stabilization of an unstable equilibrium . . . . . . 260
10.2.1 A bifurcation'approach .. . ... .. i 00 .. 261
10.2.2 Comparison of wavespeeds . ... ........... 266
10.3 Patterns in a competing species community . . . ... ... . 269
B R EIr POIATKE . . ¢ i B i e ame hh e a el 277
11 Biological turbulence 281
11.1 Self-organized patchiness and the wave of chaos . . . . . . . 283
11.1.1 Stability diagram and the hierarchy of regimes . . . . 290
11.1.2 Patchiness in a two-dimensional case . . . . .. .. .. 294
11.2 Spatial structure and spatial correlations . . ... ... ... 296
11.2.1 Intrinsic lengthsandscaling . . . . ........... 300
i Eeological IfOHeatlons . . .5 v it e o e e 308
11.3.1 Plankton patchiness on a biological scale . . . . . . . . 308
11.3.2 Self-organized patchiness, desynchronization, and the
piaEEer of enTlchImEnE « » ¢« ¢ i hv i e i, 312
g remBrEE . . .. s e 8 e e e s e 321
12 Patchy invasion 325
12.1 Allee effect, biological control, and one-dimensional patterns of
e T R P o R e s B A ol s T S L C 326
12.1.1 Patternsofspeciesspread . . . ............. 331
12.2 Invasion and control in the two-dimensional case . . . .. .. 338
12.2.1 Properties of the patchy invasion . . ... ..... .. 344
12.3 Biological control through infectious diseases . . . . . .. .. 350
12.3.1 PatchyspreadinSIRmodel . . . . ........... 353
R ERNCIEINE MOIBRIRE . . . o ¢ . o f ot 2 s et e 358
IV Spatiotemporal patterns and noise 363
13 Generic model of stochastic population dynamics 365
14 Noise-induced pattern transitions 369
14.1 Transitions in a patchy environment . .. ......... .. 369
[ RRAL IR+ o o el i o it b e s 370
14.1.2 Noise-induced pattern transition . ... ... ... .. 370
14.2 Transitions in a uniform environment . . .. .. ... ..., 372
14.2.1 Standing waves driven by noise . . . . . ... ... .. 373



15 Epidemic spread in a stochastic environment 375
161 Mohel o 2 v n i @l 48 o « o HINEEVL JVINE DI, |, 376
15.2 Strange periodic attractors in the lytic regime . .. ... .. 379
15.3 Local dynamics in the lysogenicregime . .. .. ... .1 .. 382
15.4 Deterministic and stochastic spatial dynamics . . . ... .. 383

15.5 Local dynamics with deterministic switch from lysogeny to lysis 385
15.6 Spatiotemporal dynamics with switches from lysogeny to lysis 390

15.6.1 Deterministic switching from lysogeny to lysis . . . . . 391
BE:E.3 Bhobhastic MuIREIIE & . o cmiasi i Abe o i 4ot bl odle o 393
16 Noise-induced pattern formation 397
References 403

Index 443



GOvrfsodimeleson of MATLAEE o0 . inodhdd walhes ¢ o ¢ 80

4.0" "Movesbontralims-sslosoin . o . rooreipdedite Lo 87
4.7 Age-dependentpopulations . . . . . ... ... G W 0 .l 91
4.7.1 Prey-predator, age-dependent populations . . . . . . . 95

4.7.2  More about age-dependent populations . .. ... .. 96

4.7.3 Simulations and brief discussion . . . . ... ... . | 108

5 Case study: biological pest control in vineyards 111
o Phgbasidel i) Jangials, Vicwol Teuskemol oy o e 112
9.1.1 Modeling the human activity . ... ...... ... . 114

5.2 ' More sophisticated modelh . . 15wy Lgk s staniae b 116
2.} “*Models comparison . ‘v e . Jrgp@Epeyadngal 1 122

5.3 Modeling the ballooningeffect . ............... . 124
5.3.1 Spraying effects and human intervention . . . . . . . . 134

6:3.2' “Ecological discusfion’ .*>'2 " M MERGNT A e 134

6 Epidemic models 137
mie~sDenic opitfetviermadals el ol mitiy abiead modeling, erooei, 137
BNY SOmIpear il 4oC o anes POl DT T Y A8 RAY 139

0.k 5 Standeard Tacidemse 1] VRS IACA T Ls 141

6.2  Other classical epidemic models . . .. ... .. ... .. 145
6.3 Age- and stage-dependent epidemic system . . .. ... ... 147
6.4 Case study: Aujeszky disease . ............... . 151
6.5 Analysis of a disease with two states . . . .. . ... ... . 156

7 Ecoepidemic systems 165
7.1 Prey-diseased-predator interactions . . ............ 165
7.1.1 Some biological considerations . . ...... ... .. 176

7.2 Predator-diseased-prey interactions . .. ......... . . 178

7.3 Diseased competing species models . . . ... ... ... . . 184
£33 - Smolation GIREmeean oD TR R 189

7.4 Ecoepidemics models of symbiotic communities . . . . . . . . 191
7.4.1 Disease effects on the symbiotic system . ... . ... 194

7.4.2  Disease control by use of a symbiotic BRECEES i 195

IIT  Spatiotemporal dynamics and pattern formation:

deterministic approach 197

8 Spatial aspect: diffusion as a paradigm 199
9 Instabilities and dissipative structures 205
9.3 - Ruring patterns - . ¢ . ¢ SRNDGop 8 gl Sl ERL, 206
9.1.1 Turing patterns in a multispecies system . . . . . . . . 218

9.2 - Differential flow mstability - . . afgepsey Yoyl . 200, 223
9.3  Ecological example: semiarid vegetation POSIERINO . DS, | 231




9.3.1 Pattern formation due to nonlocal interactions . . . . 236

RS rinelnding YeImAEEE + & & v v s De ok s s oroe s e dabodd ok 245
10 Patterns in the wake of invasion 247
10.1 Invasion in a prey-predator system . .. ... ... ..... 248
10.2 Dynamical stabilization of an unstable equilibrium . . . . . . 260
10.2.1 A bifurcation'approach .. . ... .. i 00 .. 261
10.2.2 Comparison of wavespeeds . ... ........... 266
10.3 Patterns in a competing species community . . . ... ... . 269
B R EIr POIATKE . . ¢ i B i e ame hh e a el 277
11 Biological turbulence 281
11.1 Self-organized patchiness and the wave of chaos . . . . . . . 283
11.1.1 Stability diagram and the hierarchy of regimes . . . . 290
11.1.2 Patchiness in a two-dimensional case . . . . .. .. .. 294
11.2 Spatial structure and spatial correlations . . ... ... ... 296
11.2.1 Intrinsic lengthsandscaling . . . . ........... 300
i Eeological IfOHeatlons . . .5 v it e o e e 308
11.3.1 Plankton patchiness on a biological scale . . . . . . . . 308
11.3.2 Self-organized patchiness, desynchronization, and the
piaEEer of enTlchImEnE « » ¢« ¢ i hv i e i, 312
g remBrEE . . .. s e 8 e e e s e 321
12 Patchy invasion 325
12.1 Allee effect, biological control, and one-dimensional patterns of
e T R P o R e s B A ol s T S L C 326
12.1.1 Patternsofspeciesspread . . . ............. 331
12.2 Invasion and control in the two-dimensional case . . . .. .. 338
12.2.1 Properties of the patchy invasion . . ... ..... .. 344
12.3 Biological control through infectious diseases . . . . . .. .. 350
12.3.1 PatchyspreadinSIRmodel . . . . ........... 353
R ERNCIEINE MOIBRIRE . . . o ¢ . o f ot 2 s et e 358
IV Spatiotemporal patterns and noise 363
13 Generic model of stochastic population dynamics 365
14 Noise-induced pattern transitions 369
14.1 Transitions in a patchy environment . .. ......... .. 369
[ RRAL IR+ o o el i o it b e s 370
14.1.2 Noise-induced pattern transition . ... ... ... .. 370
14.2 Transitions in a uniform environment . . .. .. ... ..., 372
14.2.1 Standing waves driven by noise . . . . . ... ... .. 373



15 Epidemic spread in a stochastic environment 375
161 Mohel o 2 v n i @l 48 o « o HINEEVL JVINE DI, |, 376
15.2 Strange periodic attractors in the lytic regime . .. ... .. 379
15.3 Local dynamics in the lysogenicregime . .. .. ... .1 .. 382
15.4 Deterministic and stochastic spatial dynamics . . . ... .. 383

15.5 Local dynamics with deterministic switch from lysogeny to lysis 385
15.6 Spatiotemporal dynamics with switches from lysogeny to lysis 390

15.6.1 Deterministic switching from lysogeny to lysis . . . . . 391
BE:E.3 Bhobhastic MuIREIIE & . o cmiasi i Abe o i 4ot bl odle o 393
16 Noise-induced pattern formation 397
References 403

Index 443



