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System of N ordinary DEs becomes one partial DE 
for a distribution of ornament sizes  p(a, t)
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Peacock eye spots (N=24) Viren plumage color (N=62) 



Department of Engineering Sciences and Applied Mathematics 

1+&-.%

0 a1 a2
0

ornament size

pr
ob
.d
en
sit
y

0  R"8"7-/%7'?+/%$-(%'8/A%'8+W%-8?%)Z'W8"&$+%
()+-?A%()-)+(%

0  \'4%(7-//%('&"-/%(+8("OC")AF%()-=/+%T,+?%.'"8)%"(%
)Z'%8"&$+%%

0 a1 a2
0

ornament size

pr
ob
.d
en
sit
y



Department of Engineering Sciences and Applied Mathematics 

intrinsic health

or
na

m
en

t s
iz

e

intrinsic health

or
na

m
en

t s
iz

e

N?C+4O("8#%"(%$'8+()%57'()/A;%

0  1-8G%&'44+/-O'8%%%%%=+)Z++8%"8)4"8("&%$+-/)$%-8?%
'48-7+8)%("Q+%"(%&/'(+%)'%9%%

γ < 1 γ > 1

τ = 0.94

τ = 1

τ

−−−−−−−−−−−−−−−−−−

−−−−−−−−−−−−−−−−−−



Department of Engineering Sciences and Applied Mathematics 

X377-4A%'*%7'?+/%.4+?"&O'8(%
R'?+/%.4+?"&)(%)Z'%8"&$+%
()4-OT&-O'8%'*%-?C+4O("8#%



Department of Engineering Sciences and Applied Mathematics 

X377-4A%'*%7'?+/%.4+?"&O'8(%
R'?+/%.4+?"&)(%)Z'%8"&$+%
()4-OT&-O'8%'*%-?C+4O("8#%

X'&"-/%+K+&)(%/+-?%)'%/-4#+4W
)$-8W'.O7-/%'48-7+8)(%
5/'Z+4%$+4?%T)8+((;%



Department of Engineering Sciences and Applied Mathematics 

X377-4A%'*%7'?+/%.4+?"&O'8(%
R'?+/%.4+?"&)(%)Z'%8"&$+%
()4-OT&-O'8%'*%-?C+4O("8#%

X'&"-/%+K+&)(%/+-?%)'%/-4#+4W
)$-8W'.O7-/%'48-7+8)(%
5/'Z+4%$+4?%T)8+((;%

!-8?"&-.%.4"8&"./+%
"7./"+(%$'8+()%("#8-/"8#%%

intrinsic health

or
na

m
en

t s
iz

e



Department of Engineering Sciences and Applied Mathematics 

J$-8G(%

Grant No. DGE-1324585%Professor Danny Abrams 



Department of Engineering Sciences and Applied Mathematics 

X3../+7+8)-/%

0  JZ'W8"&$+%(A()+7%*'4%/-4#+%[U%

0  JZ'W8"&$+%T,+?%.'"8)%*'4%/-4#+%[U%%

a1 = aopt +

�
sγ

2(1− s)

� γ−3
γ−2

�
(1− x)

���xγ−1 − (1− x)γ−1
���

1
2−γ

�γ−1

a2 = aopt +

�
sγ

2(1− s)

� γ−3
γ−2

�
x
���xγ−1 − (1− x)γ−1

���
1

2−γ

�γ−1

da1
dt

= c

�
sγ

�
(1− x) |a1 − a2|

�γ−1
+ 2(1− s)(aopt − a1)

�

da2
dt

= c

�
sγ

�
x |a1 − a2|

�γ−1
+ 2(1− s)(aopt − a2)

�



Department of Engineering Sciences and Applied Mathematics 

X3../+7+8)-/%

0  R'4+%#+8+4-/%7'?+/U%N((37+%'8/A%

0  J$+8%T,+?%.'"8)%'*%%%%%%%%%%%%%%%%%%%%%%%&-8%'8/A%+,"()%*'4%

Monotonic increasing Singly-peaked at  

ai ≥ aopt

aopt



Department of Engineering Sciences and Applied Mathematics 

X3../+7+8)-/%

0  \34)$+4%-((37+%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'4%

%%%%%+,&+.)%.'(("=/A%-)%

•  N??"O'8-//AF%-((37+%%

d3

da3i
ϕ(soc)
i > 0

d3

da3i
ϕ(soc)
i < 0

d3

da3i
ϕ(ind)
i ≡ 0

a = ā
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