



































































































































2 Effectof nutrient structure
So for nutrients are eithersupplied or self generated

below we study the eft of resoncestructure
where certain species produce nutrients for others

cheating cooperation

a Nutrientproduction É
one species ofdensity f
produces its own nutrient n leg fixCds degradechitin

f rn g ng real ro Fk y nutrientprod rate

µ dilution ratea re Ma ra's

Cpc ro a proTiproduction no ext supply

take n'so rapideqof n
hility

of existence

5 Myra jyY.tt At end it D

III re
two uses

is a roly bottleneck uptake
Ig

insert nlp into eqnfug






































































































































for small n ng no tea

j ring ng Is s Ms

Alleeeffect

fifty peso if fine folk
for file incase ing increase in n

Nu no

j ro g up get a ero n't

even at highproduction rates

growthof population occurs only for

sufficiently large init popsize

Why nutrientproduction requires g nas forsmalls

Ii V Croly bottleneckproduction
so 5405 as

i
a 2g Mn rusty

s M r
flip

g is as none Ekg
I Cine whereproduction consumption

will showbelow this is the
steady state cone where cellsgrow






































































































































fu Varo Y MY cat can approx real are
Corresponding growthrate r n'tarot Ty r

n 0 8g n MtEye
me n Fgm Sm MY ro

géj fences Me

EE Mi iffy

for Slo le

pit x ext where X r y y y y

popsurvives only if try m
Note 1 batch culture growth Allee effectmanifested

as a in't ane dependentlagperiod HD
Note 2 I treated so far as fixedquantity

it is actually regulated and GR dependent

ut NYK no Set by cell
increasing 8 increases Nt
increasesgrowth but also invite

cheaters

how to set 8 in presenceofexogenous n






































































































































b Multiplespecies cheaters parasitism

2 species I nutrient of
f rt fi Mi rien rink d
f a rain fr Mer
w FL Mn ring ly ra n fly

I produced only byspecies 1 called
produced

Cursider J Y car n'ca k i me riCal I ME Vin

rapid equi of n u o

J F E NEMt Ivi f they y
a Efferent

from fi finMei
the critial pt for the growth of fi is at

Mcet fi Mu Iwhere pi o

my mean e r

pi
KEEFuptakebySp 2 i.e v2 o

increases threshold for growth of sp 1
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Next É fan M Sr

Mei e FEE

phaseflow É

ftp.t.tt e.te m

for Viva f so where fro

Allee effect involves comboof f co eco

Sp 2 enlarges the regionof extinction
henceparasite

Tilo s f p my G Ym findboundary inHD
growthphase

at conc not X U n M Xz Van M

f a exit y fr d eat

n'III.tn
Sp 2 gets a free ride at X E YNY V

does not affectguthofsp in growthphase






































































































































for V2 Vi Va V

ab
f 70 Where FEO

ein ie gq

sina.mu
O

i

for filo ft Glo o Beto
eventually headedforextinction

increasing he increases fitness of
cheater

but too much hill make it extinct
blackjack

TAssome growth phase exists n n

then He Vent µ X FV nd µ if h V

n.fifTe.ieitv.eT hqe HIo

This scenario can be anticipated from

2 Species on
one nutrient inchemostat

Species wth layer
ar

V N

FEI then eino
t

but fearnnotexist alone o

no stablestateF Vz v j






































































































































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

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

p Ginang m h s Ina
fÉ Bfi ra nails m e

NA Kafi y na ri hairs f Ya r na na f Ya

NB YaB F M NB r nana f YB ru na MB fly

growth function from See A2

ri e Ina t Eno
fu Nak Kai fu ta a ri Na

e

pale 0 I Fanat Inns

fixed pt sell generically exit if Via Ve

expectAlleeeffect since f
needed to generaten

fixed point saddlepoint phase transition

work out dynamites at Saddle pt
work out steadystate at highdensities






































































































































Workout dynamics around nontrivial fixed point

P fi nana n e
e running me

ri e Ina t Ina

NA Kah una ri hairs piYa r na na fl ya

NB YaB F MNB r nana P Y ru na MB FlYB

take small y limit ri ri na r

Na o na Rally NB o S AB E XBLA
ri Chanat tin Fae t Eet
R Ianat t.no Irene they
Ii S It vk.tt e.j n effectivegiven

pile 0 Eat He tu
éele o Fat

t ge I
I 72 A

t
i t

É

V A V2A VEB ViB Via CV2A V2B C Y B

whyasymmetric need to look at highdensity state






































































































































hey

growthphase
expect f It pie fit fight fortarget
with Xie Xi µ
if not one of thenutrients will

bedepleted

and fi ez o since both nutrient areessential

via Yeah una r Inang ly rdna nos FHA

viaAaB K µ no r Hans h Ypg ruInaNB FAB

e g if 7 Xz then NB EP r e HB inF o

fir X X a X must have Nato not so

much that r lnimis rink his r with X MM

plug Pitt p e and fake
t
layet

into nutrient fluxequs
AA O MnfYa aYaTef Hei eat

Gaya Tpi Me
Siri lady 2nsYrs a BE r.pk

rEHaYaYtl8arsYrs5JTLmin nYA V.rsYrs

notMrt fixed fwm ri ni n rinnniger

Note no dependence on Via






































































































































Stability setµ r solhats fi

Si fr cnn.n.g.r.gg
k se

E Criminal F Sa

Yang_Chaya r cnn.MN h rz

na.nDfeYBnjr nAMos f t tusYrs rzlnnMrs fz

deviation from ni.fi

UseTillman's approach Via KA KB Mrs

hogg 1 lito Piso
Bodine 1 tioga Eso

pig ritmibfry.rs t I k o.eioE
q o

rrlnnMD r Rko J e
Ens tieot Iii

nutrientdynamics
tve

MMA VIA not

tef her
F he

Jz

fteadystate SIT.tk o






































































































































perturbationfrom steadystate

suppose 81 increases fun f

then n'A 0 Mrs 0

this moves system in region
with Pico fine

restores perturbation infi
Suppose NACKA Vert KB

nos9 MY pin increase off leads
to

ein g e o n'a 20 Visco
µ

safe Ye O

typ ti of Iko
Is furtherincreaseoff

zA YA Art

fixed rt unstable systemcollapses extinction

this asymmetry arisesfwmproductionasymmetry
i i

AN unstable Kaa
table e na

P Edna
82 Ib NBS2 fo NB r

I fetontighaintheatsters

Hut productinterossfeeding ofsub nutrientsdifferent


