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“Modern”	ecosystems	“Traditional”	ecosystems	

MANY	INTERACTING	SPECIES

•Communities	formed	by	individuals	belonging	to	different	species.		

•Interactions	between	individuals	intra	and	inter	species.	

•Competition	for	resources--Cooperation.		

•Abundances	of	species	vary	dynamically	due	to	the	births	and	deaths.			



Lotka-Volterra	equations	for	ecosystems

i = 1, . . . , S
						abundance	of	species	i	
S	is	the	number	of	species

Well-mixed	population:	no-space	dependence	
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Large	number	of	species		
(S~50-100	is	large)



Mean-Field	Model	of	Ecosystems
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Main	assumption:	complex	->	random		
(May	in	ecology	&	Wigner	in	physics)	

(Determining	interactions	network:	a	key	inference	problem)
↵ij i.i.d.	Random	Variables
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Bunin,	Phys.	Rev.	E	95	042414	(2017)	
Barbier,	Arnoldi,	Bunin,	Loreau	PNAS	115	2156	(2018)	



Method:	Dynamical	Mean-Field	Theory

Interactions	with	many	species

BATH

Effective	description

Self-Consistent	Closure

+

Roy,	GB,	Bunin,	Cammarota,	J.	Phys.	A	2019	



•What	are	the	factors	determining-limiting	diversity	?	

•Can	endogenous	iluctuations	survive	in	a	large	interacting	ecosystem?	

Complexity	versus	stability	in	ecosystems	

Endogenous	versus	exogenous	7luctuations	

“Will	a	large	complex	ecosystem	be	stable?”	R.	May	1972	

Questions		

“Are	ecological	systems	chaotic—and	if	not,	why	not?”	Berryman,	Millstein	1989

•What	are	the	“phases”	of	ecosystems?	
Emergent	collective	behaviours	

This	talk

Guy’s	talk



The	Phase	Diagram	

For	large	S	(>30)	different	“phases”	emerge

interacting &
heterogenous 
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Unique	Equilibrium	Phase
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• Diversity decreases with increasing heterogeneity
in interactions

• Stability decreases 

Density	of	eigenvalues	
of	the	stability	matrix		
(symmetric	case,	GOE)	

Bunin,	Phys.	Rev.	E	95	042414	(2017)	



Interacting	&	Heterogeneous	Regime

Beyond	the	stability	limit	of	the	one	equilibrium	phase	(May’s	limit)
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A	particular	case:	symmetric	interactions	
� = 1

Quench	dynamics	of	a	disordered	system
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A	particular	case:	symmetric	interactions	
� = 1

Analysis	by	the	replica	method		
and	simulations	

A.	Altieri,	F.	Roy	et	al	(to	appear)	
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different	marginal	equilibria

Disordered phase

Multiple exponential 
equilibria

Marginal phase as in 
spin-glasses



A	particular	case:	symmetric	interactions	
� = 1

aging	dynamics	and	asymptotic	marginal	stability		
as	in	mean-iield	spin-glasses
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“Spin-glass”		
marginal	phase

GB,	Bunin,	Cammarota,	New	Journal	of	Physics	2018	
A.	Altieri,	F.	Roy	et	al	(to	appear)	
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Aging	Dynamics
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Numerical	Simulations
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in	high	dimension
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•Marginal	stability	sets	in	dynamically		

• Criticality	at	long	times:	large	susceptibility	to	perturbations	

•Diversity	sets	by	marginal	stability	at	the	May	bound	

Solé,	Alonso,	McKane	‘02

Critical	Phase		
Marginal	stability	&	Diversity	

GB,	Bunin,	Cammarota,	New	Journal	of	Physics	2018	
F.	Roy	et	al	to	appear



Immigration	is	a	singular	perturbation	->	chaos	

Related	works:	Sompolinsky,	Crisanti,		
Sommers	’88	;	Kessler,	Shnerb	’15
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Endogenous	iluctuations	
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Guy’s	talk



Thank	You!	
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Transition	to	Chaos
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Method:	Mean-Field	Theory
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C(t, s) =
1

S

X

j

Nj(t)Nj(s)

<latexit sha1_base64="UkBGn2yfhmsXFdCkG7tScs+inFE=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSgkIGE3CtoIwTRWEtE8ILsss5PZZJLZBzN3hRDyAzb+io2FIrb2dv6Nk0ehiQfu5XDOvczc48WCKzDNbyO1tLyyupZez2xsbm3vZHf36ipKJGU1GolINj2imOAhqwEHwZqxZCTwBGt4/crYbzwwqXgU3sMgZk5AOiH3OSWgJTd7VMnDiSpc2r4kFFv4DtsqCdwevnF7eSiMuyq42ZxZNCfAi8SakRyaoepmv+x2RJOAhUAFUaplmTE4QyKBU8FGGTtRLCa0TzqspWlIAqac4eSaET7WShv7kdQVAp6ovzeGJFBqEHh6MiDQVfPeWPzPayXgXzhDHsYJsJBOH/ITgSHC42hwm0tGQQw0IVRy/VdMu0TnAjrAjA7Bmj95kdRLReu0WLo9y5WvZnGk0QE6RHlkoXNURteoimqIokf0jF7Rm/FkvBjvxsd0NGXMdvbRHxifP0IxmSg=</latexit>

�(t, s) =
1

S

X

j

�Nj(t)

�hj(s)

����
hj=0

<latexit sha1_base64="RCMOhTwYKJgONUFFh0hwzqEGKj8="></latexit>

E[⌘(t)⌘(s)] = C(t, s)
<latexit sha1_base64="KTes8zuWqvDYQzu1DrRny/uIaLA=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRahBSlJFXQjFIvgsoJ9QBrKZDpph04mYeZGKKVu/BU3LhRx61+482+cpllo64HLPZxzLzP3+DFnCmz721haXlldW89t5De3tnd2zb39pooSSWiDRDySbR8rypmgDWDAaTuWFIc+py1/WJv6rQcqFYvEPYxi6oW4L1jACAYtdc3DG7dDARehlDZV8q5qRThVpa5ZsMt2CmuROBkpoAz1rvnV6UUkCakAwrFSrmPH4I2xBEY4neQ7iaIxJkPcp66mAodUeeP0gol1opWeFURSlwArVX9vjHGo1Cj09WSIYaDmvan4n+cmEFx6YybiBKggs4eChFsQWdM4rB6TlAAfaYKJZPqvFhlgiQno0PI6BGf+5EXSrJSds3Ll7rxQvc7iyKEjdIyKyEEXqIpuUR01EEGP6Bm9ojfjyXgx3o2P2eiSke0coD8wPn8A2QqVNQ==</latexit>

⌘(t)
<latexit sha1_base64="0VRedr0z61AHW8LEDIHRWPBp7G0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mqoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE+xEdKhEKRtFK7R5HWsGLfqnsVt05yCrxclKGHI1+6as3iFkacYVMUmO6npugn1GNgkk+LfZSwxPKxnTIu5YqGnHjZ/Nzp+TcKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+50MhOYM5cQSyrSwtxI2opoytAkVbQje8surpFWrepfV2sNVuX6bx1GAUziDCnhwDXW4hwY0gcEYnuEV3pzEeXHenY9F65qTz5zAHzifP6kdjx8=</latexit>

Gaussian	noise

Self-consistent	closure


