



































































































































a Solve forfixed pt ofmany species system750
no K 1 1 Eg Va To Ya
n 0

Nx Kx Ey Yxtj y
α

Note MacArtassumednutrient to relax with
faster

time scale full systemstudiedby Case Casten 1979

Substitute into eq for fi

fi Ex Vix fina Mili
Ex Vix fi K Ej Via lj Wa Mif

fi ƩαVia Kx Mi Si E yiazawa lily
Aif

effective glV system
will seegeneric
Solin requiresnote Si 2 1 Ne
NENRNd 2 1 Nr

via 3n
R

Aij Ex tix Ujaw is No Ne outerproduct






































































































































Steady state r jAigf
1,9 Air
provided that Aij invertible

b Stability of fixed pt
seebelow

Next show that g Ejt.ir
is the global fixed pointof theglVeqn

Afi rifi EgAig fify
where Aij VixVjaWα

Construct Lyapunov function

214 Ʃ 1 14 1 17m

THPropertyofeachterm li

1 al
f

E so

oats

lip 0






































































































































f has single minim at 770
i L Eili has one globalmin at fi P

for fiso.li so

Next look at dat

dat E IE he
usegender E ri jAij j Si 5

Ej Aig eg g pi pi
used ri EijAij'S

Now use the form Aij ExVixVjx
Wa EijVixVjx Yi e ej ej
EU E Vialli p 0

Lit always decreasing until filt p
where Llt 0 i e globaltador
only pending on the existenceofs.to






































































































































c solve for fixedpoint feasibility
start with ri EjAijeg

2 W Vix Epwarixz.at
vid Syria via

matrix notation A Ex It
where F α Vix

Vix Consumption rate of Erie anglan

A I IT symmetric squarematrix
Nex Nc

LinearAlgebra rows are independent

If matrix w̅ is full rank with Ne Nr

then A Jxit is invertible

p EjAjrj
where A_ ExEY ri Vixka Mi

special case Nr Ne pi Eki VαYx 01M






































































































































ct The random matrix perspective
connect to May'swork Cui et al 2019

Effective glV system Ne

Afi rifi Eg is lify
where Aij VixVja

perturbation from fixed pt g A.fr
Sfi fi pit

At Spi 5 EjAij Ss
Community matrix Mij PiAij

R May Mij Rig Sig aquart
I random non negelements

largesteigenvalue 1 ON 0 for Ness 1

For the CR model A v VT

Via iid non neg var o Wishartmatrix

eigenvalue dist Marchenko Pastordist forGaussiandistof2

P x Tenant






7min 1 Mar 80

N Xmax I Fr

X 20 as long as Ne NREmmy

even as a.no

Relation to communitymatrixM

largesteigenvalueofMij
smallesteigenvalueofAij X min

Community matrix is stable as No Nr W

as long as Near 1

in practice even if Nc NR

feasibleSolin p
0 involvesNd Nr



Recentstudy Cui et al 2019 showednumerically

thatforlargerandomconsumption matrix Vix

typically 50 ofVis exhibitcoexistence

no analytical result on this so far


