



































































































































C Multiplespecies cheaters parasiton
2 species I nutrient

5 rm f Mfi rims rink c
f rain f Me
in Il Mn ringly reculf y

produced only byspecies 1 called
produced

Consider JY car stack use rilaterif Vin

rapid equi of n ii 0

2,5 nfutlv.fi the y

Fife.int
from fi r n m pi
the critical pt for the growth of fi is at

n pitis Mv where pi e 0

reiy f.im tmeitm ei
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e 0

uptakebySp 2 i.e V27 0

increases growth threshold for Sp1






































































































































Next pi rant m s

leg

store1ft 9
0

plei.ci E t.it

e

I

phaseflow

ftp.lv.ie erte m

fort

Allee effect involves comboof 1,10 9210

Sp 2 enlarges the regionof extinction

7 10 7 e MY GYM findboundary inHW

growthphase
at conc n X 4n M X2 vent M

P x exit fr α eat

n Ea

Sp2 gets a free ride at X 2 7NY v

does not affectquuthofsp in growthphase






































































































































for V27V1 p 1 0 g
Pe 70 where fi o
pico wherepi o

1
fiff

f

excitable dynamics
for filo pi flo 70

eventually headedforextinction

increasing K increases fitness of cheater
but too much will hire Spr

extinct blackjack

Assume growth phase exists n nᵈ

then X2 Vent M 7,4 n M if Ksv

n Wf rn
This scenario can be anticipated from

2 Species on
one nutrient in chemostat

or
v nspecies with large

survives

if V2 v then f 0

but f cannotexist alone

no stablestate if Vasu I






































































































































d Cross feedingofself generated essentialnutrients
Species 1,2 generates nutrientAB respectively

each species need bothnutrients to grow e g A carbon B Fe

f remains m 11 Signa
f remains m p 52 B

ia Vial Ma r hairs p Ya r na nos F Ya

NB 82B f MMB r Mains P YB re MANB F YB

growth function from See AI

ri Ena Ens
eile.co even

for Nak Kai for KY
car

M
eiler tetanations niff

fif

i

file o In ratna tans

fixed pt solin generically exist if
V a Via

expectAllee effect since
5 needed to generaten

fixed point Saddlepoint phasetransition

work out dynamas at Saddle at
work out steadystate at highdensities






































































































































Workout dynamics around nontrivial fixed point

f remains m 11
ri e Ena Fn

f remains m pr

ia Kali Ma r hairs p Ya r na nos F YA

NB 82B f MMB r MaMs PM re MANB f YB

take small µ limit
emphasizinginteraction

r 8 may

NA 0 nA Rally NB 0 NB 82sfilm
r Tana tins Frae Fused

Kana tino Era Frame

f 5 vk.it e.J n
eilli o Iraq He the

file o If e the
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itiEi

i.ie
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YA V24 VIB VB Via C VA V2B CV B

Whyyasymmetric need to look at highdensity state






































































































































byy

growthphase
expect filt pie

ᵗ
felt fight forlayet

with 71 72 µ
if not one of thenutrients will

bedepleted

ad fi 12 0 since both nutrient areessential

in Tif Mha r hairs p Ya re na nos F Ya

NB 82B f MMB r Mains P YB re MANB F YB

e g if 71 72 then rip r.fi YB MB D

forX 72 X must have nA o nd o

such that r nFNB r_ ni ni r with 7 8M

plug filt p e and felt fie target
into nutrient fluxequs
ñA O uniYa f aYale _ftp.fett

Kaya f p rip
Similarly 22B Mp

sina.am
ri ni ni r ni ng r

Note no dependence on Vix






































































































































Stability setu r so that 5 1
f e

g r mains F f

to re naina f So

YANA iaYa r Ma.no f rz Manos fu

YAF r Maids p VersYrs rz Maine fz

deviation from NT f

UseTilman's approach Via UA VB YB
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perturbationfrom steadystate

Suppose S1 increases from f

then nA 0 Mb co

this moves system in region
with fico piso

restores perturbation inf
Suppose Via KA V2B KB

a EL piso Increase of 5 leads
to

via so Nsco

i ii ii i ii semen
regionwithpiso piso

furtherincreaseoff
MVA

fixed at unstable systemcollapses extinction

this asymmetry arisesfromproductionasymmetry

unstable Iin
Stable a

e Eiins 9
extinctiondue to
overactive cheaters

HW production crossfeedingofsub nutrients
different


