



































































































































B OR Model of competition t coexistence

1 Two species interaction
a 2 Speciesgrowing on a single substrate

I t n g pg
hemostatwiredilution rata

ri la ri Taifu Tz n Sa MS
n u no n r Gf ly rain fly

steady state ar

I iii t.it

Cannot be satisfied

r Ca E n

sol'm ima ri
n with fi to while I i o

1 i e only one species survives in steady
state

HW Survivingspecies is one with lower ni

T approach Assume one of the speciesgoes extinct
e g 92 0

check forstability for small52 of






































































































































b two species ofdensities p ez growing
on two nutrients ofconcentration na na
chemo stat with dilution rate m
nutrient influx jinni ji ping

Uptake of multiplenutrients

substitutable le g glucose us glycerol
essential e g glucose ammonium

substitutable nutrients

Many substrates Eked GRapproxadditive

i e rt na na ri YE r Yg Eef
Hermsen etaf
M SB 20 14

Via na t Vi B NB

Somecomboof substrateshachiadutilied
e g ri na na Max ri na ri nos

essential nutrients ri Ianat Fana

Will focus on substitutable coutilizednutrients






































































































































Dynamical equations
Viana Y BDfi Mf Via Ya Vix

Ia manat runs a ng 111
at

Na M NE Na Viana A Ya Rana F YA

NB M ng nB VBNB lil YB KBN.BR YB

assumption made yield is speciesindependent
but different substrate can contribute

quite differently he biomass
e g Shure has

6C glycerol only 3 e

steady state sale and 9 to et to

pro via natron nm III JELLYPao V2ANA N B N B M
Recall linear algebra M1mmI'm
ME I Emilk meanEmimail

IIfinal i Iliffe É on
Note nutrient levels setby Vij andy I
not dependent on fi nor ni of chemostat






































































































































Pf PE foundfrom n'f o n 5 o

HAHA fi t KA FA f I µCn h Ya

Virginis S t ng ng g ring n yrs

Tianitleiitution1B 2B 2 B ts B
B

N T

µ
VersthIIIIYa VennotionYB

e
IE Isf iiIfFFfn.nonya nanonA

fromabove ME M KB hoydens Ynet DetMonNas rBD

Nrf µ KA KA detw 4nF det14 04Ya KAI

krsdnIFIA.ve niE YBTVzBVery KA KA
ftp

q.cn.noya yn.c.nn
Jidee r detw

2 2B 1B 1A 2A

Note 1 59th lmao namYat Choi nE Yrs was conseurkin

Note 2 Tf µ so then not not o little nutrientleft

fi fi depend on Ina Ya
nooYrs t Via

Note3 if Nao n o noo n o lie Nao T.n.EE jTa
Hun fi o ft o washout limit of chemostat






































































































































Goal Understand dependenceof coexistenceCaso.eu
vs dominance fi 0,92 0 orviceversa orextiadinfh.io
fadillenvironmentalparameter cjahunn.joand

and geneticparameters via in

find fixedpoints if f Eo then no coexistence

if Pa o he o exist determine stability
unstable in onediredia phasetransition multi modality

Stable Coexistence occurs

basinof attraction

A simple limit weakiatenaermaase

specialist n p VIA KA coexistence
vs Vas v B fifnotwashedont

specialist p

Q as interaction is turned on
to what extent is coexistencestable

generalist fl VasViaiViBspeckab3tnYafzV.B c ya V B

genegab3tnunO 7zfg.all Via comparablegeneralist
General analysis ofstability aroundHeiman

4x4 matrix not intuitive
short cut

effective dynamicsofmany Tilman






































































































































A Tilman's graphicalanalysis ofgexistenceIman 19807

It Qanat Virus 51 MS f naib e

f haha this Ms 92 MSz fz naB ez

Na MINENA Ca f TRA K MAMA

NB M Ny Ya P tub E NB Nz

Tilman Analyze dynamics
in Chains plane

isVirat I N O
II

jyggn.TN

ote plot shows the case

with V1A VA UB V

finger
focus on theeffectof
f and k on nutrient na no

M1 yn
na

w n
s I it e 1

WE F I






































































































































At steady state no n o

the above becomesFo t p 5 152 0 a statement of
balance betweennutrient sourceJo and sink F E
subject to 1 e o

this flux balance can be represented
graphically in nah plane

the graphical representation
also gives a glimpse

of the dynamicsofGa no

pick arbitrarypoint ha his in
na na plane

To pointing from Na NB to ng n

j pointing downward from hany
with slope Yiniffy

look for a function has a passing through hand

with slope min MISSY

If Miha Me end of tenant
Jp tangent of not

RB it
Similarly I is tangentof NothBEff






































































































































I
take Mr 1 f betteratansungNa

Mz 1 fr better at consuminghrs

NBA r

determines the directionof
the flowfield IdMaine
prevented D

Now combine with grouthisodines finand finainato

firstlook at vicinityoffixedpt i.e Maine na not

width ofthecone

I apreference

i

é

Stablesince fico






































































































































for habitat Cnf n in orange cone

et e o snehthate F ee L aTo
for habitat in lightblue30492 0

for habitat in brownzone PF 0

fuhabitatinblackzone 570,97 0

for KATYA and V B KB justswitchA B

The pherebourdayof coexistence can be obtained

algebraicallyfrom

Nao HAHA f t Karta PE µCn h Ya

vireo KB NB S t Krsn's B ringMissy

soli HI'aiif iin DANA B B

Z 1B A A 1A B B

Condition fr 5720 KishangarhYa Z ma nine Yrs

ni e iE mnn v

Similarly Ezo ftp.nia.zmnnfg V



Next look at different initial conditionfor
Nnl Ms Mtn the allowed cone

i

i.mn
Starting from theblackpoint Halo ni Nsloend
dynamics leads to smaller fi k sincet.co fi c o

driving theblackpointtowardsfixedpt orange

will show in see B2 that all fixedpoints
wth fo et o are stable i e all eigenvalues co

so no phase transition all init and courage
to fp

diagram above can be taken as

ecologicalphasediagram gives thefate

ofsystem for environmental parameter ni ni.M

AdvantageofTilman'sapproach is ease HD
ofgeneralization to othergrowthfueling ri naina


