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Importance	of	developing	Daphnia	
magna	population	models

Organism	Responses

Wang	et	al,	Tox.	Sci.,	2011



Structured	population	models	(SPMs)

Model:

Observables:
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Individual	Experimental	data
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Fecundity Average	daily	fecundity	was	
used	as	the	age-dependent	
fecundity	rate.	



Daphnid Length	vs	food	availability

Math	model	for	
individual	growth: Hierarchical	statistical	model:



Population	Experimental	Data
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Density-Dependent	Functions
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Hyper-Parameter	Selection
Generalizability:	L,	𝜏 via	cross-validation		
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Hyper-Parameter	Selection
Generalizability:	L,	𝜏 via	cross-validation		

Model	Fit:	Food	Parameters
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Density-dependent	SPM	parameter	
estimation

0 50 100
−400

−200

0

200

Time (days)

S
iz

e
 C

la
ss

 1
 R

e
si

d
u

a
ls Replicate 1

0 500 1000
−400

−200

0

200

Model

0 50 100
−200

0

200

Time (days)

S
iz

e
 C

la
ss

 2
 R

e
si

d
u

a
ls

0 200 400
−200

0

200

Model

0
2

4
0

50
100

0

500

Age (days)

Time (days)

S
iz

e
 c

la
s
s
 1

0
10

20
0

50
100

0

50

100

Age (days)Time (days)

S
iz

e
 c

la
s
s
 2

0 50 100
0

500

1000

Time (days)

S
iz

e
 c

la
s
s
 1

0 50 100
0

500

Time (days)

S
iz

e
 c

la
s
s
 2

0 50 100
0

500

1000

1500

Time (days)

T
o

ta
l 
p

o
p

u
la

ti
o

n

0
10

20
0

50
100

0

500

Age (days)Time (days)T
o

ta
l 
p

o
p

u
la

ti
o

n

Rutter	et	al.,	Continuous	Structured	Population	Models	of	Daphnia	Magna.	Bulletin	of	Mathematical	Biology,	2017	(accepted).



Density-dependent	SPM	parameter	
estimation
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Sensitivity	(Rep1	=	Black,	Rep2	=	Red)	and	CI
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Data	Sparsity	Solution	1:	Maximizing	
Information	Content

Goal:	Intelligently	design	experiments	to	maximize	
information	content	per	data	point.

Future	Work:	Perform	optimal	design	of	experiments	to	
minimize	SE



Data	Sparsity	Solution	2:	Increasing	
Efficiency	in	Data	Collection

Goal:	Use	Machine	Learning	Algorithms	(CNNs)	to	
classify	and	count	images	of	daphnid microcosm	
populations

Convolutional	
Neural	
Network	
(CNN)

Daphnid

Not	
Daphnid

Training	phase



Data	Sparsity	Solution	2:	Increasing	
Efficiency	in	Data	Collection

Goal:	Use	Machine	Learning	Algorithms	(CNNs)	to	
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populations



Data	Sparsity	Solution	2:	Increasing	
Efficiency	in	Data	Collection

Goal:	Use	Machine	Learning	Algorithms	(CNNs)	to	
classify	and	count	images	of	daphnid microcosm	
populations
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Conclusions	and	Future	Directions

• Modeled	density-dependent	and	density-independent	
size-structured	population	model	for	Daphnia	magna
• Performed	parameter	estimation,	sensitivity	analysis	
and	found	confidence	intervals
• Created	a	convolutional	neural	net	algorithm	to	
quickly	and	accurately	automatically	count	
populations	of	Daphnia	magna
• Optimally	design	data	collection	times	in	order	to	
minimize	uncertainty	in	parameter	estimation


