



































































































































B3 phonediagram and feasibilityspace
a Ecologicalphasediagram for 2species specialist

Strongorthogonalnutrientpref a

430 vs specialist

broad coexist regime predominate coexistence

ns.T t tsfvn

dominate extinction f dominate

ftp.ask.EE fi n.a
generalist us

A generalist

Similarnut pret p dominate

pyagonyq.gs
jpsmefff

f
tit

fp

forfixedenvironment Mains

Algebraic analysis

liff
t.EE J.f

m E n

it Eli.tt
aWherejxm n2 M Ys fluxofnutrientx assimilated

Note ftp.t lj j5 u mass conservation






































































































































let 4 5 1pitpi frac abundanceofsp i 830

fx jat jb free assim fluxfor nutrient α

then 4 fa Fbvers t for Flua from mass conservati

4 Em Eat
where My 2 is uptake

preferenceofspecies 1

fornutrient α rel to species 2 for α

note different from M a
used earlier

In limit µ 0 to emphasizecompetition n cc nk

ja M n n Yann Y
environmental
parameter

involvesonly
then fx 1s Whitney env parameters

Condition for coexistence 1 4 0

find 4 MAMB faitis such that 17 4 0

if May 1 MB 1 4 CO
if MACI MB CI 4

no coexistence

for MA 17 MB or MACI MB

4 o Eas
FAMA FA fB MBB fAmA fmB1f






































































































































41 1 East ftp 1 840

f a mafa f a misfis X MAMB MAN f gfgIfMAFB MBFA MAMB

Ecological phase diagram rangeIginma.ms
MA717MBfAMat 1 faMB71orMB717MAif may 1 mos then fa Ttt

If MA I CMB then fa hE a

fam 1 fa mis 1

if Mosbma then fa s

Fma 1 MB then far at

forMBCICMA then far Matthtm

SptspecializesinA coexeme

sp2p f

al y
B

o f ffymmyf1pif.nl

FApsppeciatigsirA
f aEg.mn 1f1sfa

Coexistence occurs for intermediate rangeof fa
but meaningofcondition obscure see later






































































































































b phenotypicalphasediagram fast 850

for coexistenceforfixed fa

470 mafatmof.se

FEEiiF ei.o

totes

41 1 Eat fast I.it Ei

iit

iiii

Conditions favorable for coexistence

large Ma andSmallMos Sp 1 prefers A Sp preferB

or vice versa wichespecialization

For a given fa species can change genetic

parameter Ma Mis todrive the otherspecies

to extinction Thus phenotypicalphonediagram

has elementof fitlandscape
but4 fitness

note realitymore challenging as fa is variables

however trivial effectfrom
overallscaleofVix if VA hadV.rs vers 12 0

V2A VA VB V B PF 0

overallscaleofVix constrained






































































































































Hypothesis Constraint in resource uptake
Parfeitetal 7017

Via V2 Mix

1742 1

allocationofcatabolicenzyme
is constrained

enzymatic properties for
agiven

nutrient is invariant
across species

4 ftp.t I tfFE.MiB

1 7ia
NB 72A

224

feet fa 71A 72A

4 NATALYA all
Ecologicalphasediagram

Ifft

MIA 72A

Sp 1 invests
more fa

in nutrientAthansp2 in in
nutrientis B rich nutrient is A rich

Sptmadewwg.pt investmore inAinvestment






































































































































1 870

Coexist12 0feasibilityspace fixed

MALYA 72A FA Mia fa
MIAC42A YIA FA 72A

Of f 1
71A

Coexistence favored if 22A 0 4171
or 727 1 71A 0

ET
FAFF

oTw Tfa Mitta
Starting from 721 0 Yet 1

if Nea increasestowardfa Sp 2 removes Sp1

or if Ya decreasestowardfa Sp1
removes Sp2

however if MA fa Ka fa then eachsp

risks extinction if fa fluctuates

given a distributionof fa
What is the evil stable distof 21 22






































































































































Generalization to 3 or more nutrients AB c 880

ji Evian M si EkMirna m Si
nix u n ry E V2 nine Ya

Consider 3 species fi ez f with nutrientuptakerates

Vix V2712 Vex V2722132 22432 27.2 1 6 independenty
phasespace f N Yx End with fat fatto 1

Can represent results succinctly
in simplex

Posfai et al 2017 workoutin HW

1 A
4,1

Mithrain y
2AM B 7 c

coexistence 0

42 1 4 0 my.TK
A1Z3B7se y3

it its
each position in this spacerepresents the

valueof fx

Strain property shown as colored dots fx 2 x

adoredregions phasesofpartial coexistence

phase boundary obtainedsimply by

connecting T






































































































































important observationby Postaietal 890
for the classof constrainedCR modelVix V

fixedpoint condition

ji o p E V2Mian µ
n'so Mai ni Ʃ V27 an p Ya

if n M v2

then ZYix 1 guarantees pi oifp.to
for arbitrary species even ifNo Nr

no niya Ʃ his pit nicini

or Zix 47 f feasabilitycondition

can show for each species j 112.33 whoseNja
lies in thewhite regiondefinedby 3 ix 22,7 x

that 4 0 and fj o

withmany species the
coexistence region

is specifiedby theComplex hill of
all 7 α

3 keystone sp with 7 1,90 0.1.0 0.0.1

wouldsuffice to supportthe coexistence

of infinite of intermediatespecies


