



































































































































B2 Stability in generalizedCR model

recall generalized Lotka Volterramodel

pig Ki EjAj Ii fi
Mary species CR model

RobertMacArthur 1970

NR

f i taYinNa fi Mi fi
Na resources

Ne
Ne consumers

Na Knx I na KI FI VisNa fi ly
TCompared to the CRhidel in see IBI

Ji FENis M M JSi
N MIN n Ei Viana fi Ye

nutrient in MacArthur's model self generated

VaneMns Kae n

makes mathematics simpler
no majordiff except for
dependence on specific parades
See Butler ODwyer 2018






































































































































MacArthur showed feasibleSolh ft on o are

global attractor ofCRdy names as long as Nee NK

i e Ione species niche ecologicalexclusionprinciple

We reconstructbelowMacArthur's work

recall predator prey dynamics wth carryingcapSee IA 3 b

h In l MK Vn fly me prey

g predatorj rnp me

Steady state rn'm af
Ni na rely If

fixedpoint s l Muk

Iggyis stable if Mrs K p o

General Na Ne
fixedpt fi ZigA'if rj is stable
wth ri vis ka Mi Aj LaviniaKafka
if Nr z Ne competitive exclusion

fi o stability feasibility






































































































































a Solve frfixedptafmany species system
vireo Vs I 7 Ei Via lily
IHO

n K Ei via Pika
p

a
a

Note MacArtassumednutrient torelaxuthfaster
timescale full systemstudiedby CasedCasten4979

Substitute into equfnfi
fi 3 Via Pina Mili

3 Viafi ka Ej Vjafjra Mif
fi fix Ka Mi fi EyNiagara Pig

Urine
a

effective gLV system Aij
will seegeneric

note fi it Ne unequins

Nd 2 1 Nr Nes Nr

vi T h3Ne
Nr

Aig Ealiavjara is Nex Ne outerproduct






































































































































steady state ri EjAig If
SE 3 Aitor
provided that Aij invent

b Stability of fixed pt
seebelow

Next slow that g Ij Ait r j
n's the global fixed port of

thegwespn

Adf fi ri Pi EgAi j f if g
where Aij Za ViaVjara

M

Construct Lyapunov function

44 31414 H fi'ht

Propertyofeachtermei Litt

dat i E e
g e e

eater
Ishii 4






































































































































of

l Cf has single minim at 4
i L Eli has one globalruin at fi f

fu fi so lid 0

Next look at d4dt

deaf Effie fi did
usegwindeftE E ri Ej Ai j f j

Pi s

Ti j
Ai j GI eat Hi e

I used ri EijAgFf

Now use the form Aij Ea ViaUjala
Atef I og E i jViaUjx Pi E Kj 89

Sara E Vialli e o

Lit always decreasing until filth fi
where U 5 0 i e globalattractor I

only pending on the existenceofSito






































































































































c Solve fr fixedpoint effeasibility
start mrhri EJA.gg

zgia oY2Vjd Egar Viagravid vi yIeE
Matrix notation A Tx ft

where T
i Tia

Tea Assumption rate of read by Consumerin
Nn ad Nel ray

A I IT symmetric squaremoth
Ne x Nc

LinearAlgebra rows are independent

If matrix it is full rank with Neena

then A Taft is invertible

get EgAjrj
where A TxTTY ri Ea ViaKa Mi

special case Na Ne fi Eiji Yaya OCH






































































































































Ct The random matrix perspective
connect to Mery'swork Cui ee al so a

Effective gtv system no

dat fi ri fi Effij f is j
whee Aij Tna ViaUja

perturbation from fixed pt g A r

Sfi Si fuk

dat Sfi fi EjAij Sg
Community matrix Mij PEAij

R May Mij Ri j Sij quae f
t random non negelements

largesteigenvalue It off o fr Na 1

For the CR model A v VT

Via iid non neg var si WBhartmatrix

eigenvalueDist Marchenko Pastordistr fnGaussiandietof

PIX Enactment
x



Pain
µ

Amin ofCl NEW
Xanax oil tinny
y z o as long as Nes Nr

s
even as Nc Nr A

Amin Aman

Relation to communitymatrixM

largesteigenvalueofM

smallest
eigenvalue

ofAig X nine

community matrix is stable as Nc Nr b

as long as Ncaa e l

in practice even if NENa

feasibleSdh lei's
o involvesNid e Nr



Recentstudy Cmi et al 2019 showednumerically

thatforlargerandomconsumption matrix Via

typically 50 ofVia exhibitcoexistence

no analytical result on this so far


