



































































































































c Tilman's graphicalanalysisofcoexistence 680
D Tilman 1980

51 innat Yrs nos 51 MS f rains e

fz KANA Kohrs fr M52 2 naib fr

ñA M NANA KAT VA 2 MAYA

rib µ n 3 Yrs fi Verse no Ye

Tilman Analyze dynamics
in MAnos plane

first
0 87

EE fi

i2ANA 22BRB M 120
0

NA
Note plot shows the case
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At steady state n 0 i o the above

becomesnF p J e I o a statement of flux

balance betweennutrient sourceJo and sink Ji
Coexistence can fluxbalame beobtained at nA not

with fi at o if not which speciesdominate

transient at some Ma Ms uhMs

does the flow take the system to ME MS

represent the balanceof Jo and
Jr Jr

graphically in MA RB plane

pick arbitrarypoint MA Ms in
MA nos plane

Jo pointing from Na NB to nF

I pointing downward from
MAMs

with slope i a
look for a function Mos a passing through RAB

with slope m then MY.fi a
datemitna Mrs entinor n ÑII
Jp tangent of no B nth

Similarly JI is tangentof his ñB 112






































































































































take Me 1 better at consuming

Me 1 better at consumy

ma Nang m 21 ME y

fff I 4 determines the directionof
the flowfield 52

2
MAMI

for everyians
LI

na magnitudeadjustedby file

Now combine withgrowthwellclins filna.rs frlna.b o

frstlookatvicinityoffixedpt i e vk.ms na nt

width ofthecone

µ can slope matter
may21Th
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for habitat NF NB in orange cone

ei.li so such that e J e I To
for habitat in lightblue zone 9 0

for habitat in brownzone PT 0

fuhabitatinblackzone 57 0 91 0

for Va YA and Virs KB justsuitchA B

The phoneboundaryof coexistence can be obtained

algebraicallyfrom

Npo Via n f KA MA 5 M n
AYA

ñ o KB is 5 223n's mins n's

µ V2 FYa V2A113ᵗʰYBSolin
5T a nf.fiYa 2en ElY

condition for 5 20 Vers afftYA a fifty
Wait me

Similarly f 20 11Th mind I






































































































































Next look at different initial conditions aol.no

for MA nos withinCoexistence come for
domainof

Starting fromgreypoint
to

attractmotte

ii
ftp.ggygifg

iMalo Mf NBlo MB

suppose f 101 210 are shat 2hm nA

µ Jo 5110 J Glo J2 T MA MNA

dynamics leads smaller file sincet.co feco

driving thegrey pointtowards fixedpt orange

will show in see B2 that all fixedpoints
with1 0 et 0 are stable i.e all eigenvalues co

so no phase transition all init condconverge

towards fixedpoint

diagram above can be taken as

ecologicalphasediagram gives thefate

ofsystem for environmental parameter nA ns.M

AdvantageofTilman'sapproach is ease of
generalization to othergrowthfunctions r man H






































































































































B2 Stability in generalizedCR model

recall generalized Lotka Volterramodel

pig i EjAijfi fi
Many species CR Model

RobertMacArthur 1970

ji 1 4 Nafi Mili
Nr resources

Ne
Ne consumers

in Km 1 no kd EYianafi.la
Compared to the CR model in See IB1

Ji Evian M Si

ii m n n E Vinali Ye

nutrient in MacArthur's model self generated

Kn mni Kx n

makes mathematics simpler
no majordiff except for
dependence on specific parameters
see Butler O'Dwyer 2018 Δ






































































































































MacArthur showed feasiblesolin piso n o are

global attractor ofCRdynames as long
as Nc NR

i e one species niche ecologicalexclusionprinciple

We reconstructbelowMacArthur's work

recall predator prey dynamicswith carryingcapSeeIA3b

in In 1 Mk unfly n prey
predatorj Vnp MP

Steady state 2nˢ M 5
81 NH rely If

fixedpoint 8 8 1 MK

is stable if mak pho Mr K n

General Nr Ne

fixed ftpEijAijrjisStablewthr
EViakaMi Aij EViajakafa

if Nr Ne Competitive exclusion

1 0 stability feasibility


