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This is a lot of chemicals to evaluate




We need models




96hr Lethal Concentration at 50% mortality
(LC50) takes 4 days to complete per chemical




96hr Lethal Concentration at 50% mortality
(LC50) takes 4 days to complete per chemical

| Industrial chemicals under Toxic Substances Control Act (TSCA)

84000 chemicals * 4 —2° _ ~ 920 years

chemical




96hr Lethal Concentration at 50% mortality
(LC50) takes 4 days to complete per chemical

| Industrial chemicals under Toxic Substances Control Act (TSCA)

84000 chemicals * 4 —2° _ ~ 920 years

chemical

| There are currently around 1600 threatened or endangered species
in the US




96hr Lethal Concentration at 50% mortality
(LC50) takes 4 days to complete per chemical

| Industrial chemicals under Toxic Substances Control Act (TSCA)
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Evaluating chemicals for listed species in this way will take

1,472,000 years
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Abstract

Populations of aquatic organisms are exposed to diverse natural and
anthropogenic stressors. Traditional toxicity testing provides endpoints that need
to be interpreted and extrapolated in order to understand impacts of exposure on
wildlife populations. The Fish Toxicity Translator is a mechanistic population model
developed by the USEPA that uses life history characteristics of fish, laboratory
derived measures of acute and chronic toxicity, and ecotoxicological theory to
estimate population level effects of chemical exposure scenarios. The Fish Toxicity
Translator uses a novel modeling approach, size-structured integral projection
modeling, that allows for the incorporation of size-dependent acute and chronic
effects of chemical and non-chemical stressors. Model development has taken
place in the open source R language has been developed into an R ?ackage with an
accompanying graphical user interface using R Shiny. In this talk | will describe the
modeling theory supporting the Fish Toxicity Translator and give a demonstration of
t_h?( Fish Toxicity Translator tool that is being developed to support ecological

risk assessors.
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Toxicity Translation

The process of predicting population-level impacts of contaminant
exposure for wild animals based on data derived from laboratory
toxicity studies.
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The Fish Toxicity Translator

Size-structured integral projection model (IPM)

For fish, size is important toxicologically and ecologically
IPMs link size to dynamics of growth, reproduction, and
survival
Most size measures are non-destructive and accessible in
both the laboratory and the field
Our approach uses realistic exposure profiles (EPA’s PWC
Model) interpreted by different effect models (GUTS TK-
TD, simple threshold) to predict population-level impacts
of exposures and stressors
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Size-structured integral projection model (IPM)

Scales

Discrete time
Continuous Trait

Environment

-
-
»
3
a
£
=
v
"
]
a
W
o
o

Transformations

Model Typology from Getz et al., 2018 Making ecological models adequate



Size-structured integral projection model (IPM)
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Growth and Reproductive Effects of Exposure

exposure

Mean Fecundity
Female Weight (mg)

+Fecundity =—9.36 +5.52 * log,o(Weight)

600

00 10 20 30 40 50 60 70 80 90 100 110 120 Effects
DPH

Female Weight (mg)

Impacted
Reproduction

Exposure reduces growth
» Effects are persistent even after exposure ends
» Effects can be direct orindirect (food availability)

* Sizeisrelated to survival (ex., predation, over-winter)

* Sizeis related to fecundity, time to 15t spawn (i.e., spawning season)

Time to Spawn (dph)
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Grey bars: Exposure periods
Black lines: Model-predicted survival
Laboratory-observed survival

Predicted environmental
concentrations can vary based on Red dots:
timing of use, precipitation, etc.

modeling

Toxicokinetic-toxicodynamic
(TK-TD) models

* Are effects of time-variable
exposures different than constant
exposures of the same average
concentration?

* Simplified TK-TD models

* Are calibrated with standard
toxicity test data (constant
exposure concentrations)

* (Can predict effects of simple
and complex time-variable
exposure scenarios
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vl Scenario Building

v Fathead minnow

Pimephales promelas
Parameterizable growth,

reproduction, and survival functions £ o
for different species U Female
 Different reproductive strategies
* Non-chemical stressors
* Over-winter survival
* Chemical stressors
* Type, magnitude, and timing of

Survival Lrowfh hr,:lruuu tion
exposure
* Multiple approaches for e %
modeling chemical effects (eg , ) - = Pa(B(2)Go(z)S z0)
ost-repro uctive census structure . .
TKTD or Threshold) Species Life

History




Fish Toxicity Translator Integral Projection Model

Impacted
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Effects .

\

Species Life
History




Transition kernel

I P M u Impacted
: 101

o I
Growth P Survival ©
Effects rﬁ Studies 2
Species Realistic Chemical E S
Life History Exposure = 3
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New population Growth and Reproduction Population
size-distribution Kernel Kernel size-
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Where z and z' are size, t is time
U and L are the upper and lower limits of size.
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IPM: 101

In Practice...
K(z',z) The transition Kernel

A Transition kernel
U /! \

Transition kernel

G(Z,, Z)S(Z) + %pB (Z)B(Z)GO (Z’)S(ZO) n(Z’ t)dZ Transition kernel

Transition kernel
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IPM: 101

K(z',z) The transition Kernel
A

U [
niz,t+1) =
L

Which can be

analyzed for:

* Asymptotic
growth rate (1)

e Stable size
distribution

* Annual class
size-transitions

Annual transition kernel

16 13 11 8 6

27 24 22 19

33 30

&
©
£
®
N
©
N

(]

6 8 11 13 16 19 22 24 27 30 33

Size (z) attime t

\

41 44 46 49 52 55 57 60 63 65 68 71 T4

G(z',2)S(z) + %pB (z)B(z)Gy(z")s(zy) | n(z,t)dz

0

7700

15000

23000

1 31000

46000

54000

61000

69000

In Practice...

Transition kernel
Transition kernel
Transition kernel
Transition kernel
Transition kernel
Transition kernel
Transition kernel

Transition kernel

o
<
o
w0
-
]
©
©
©
©
~
~

"
6 11 16 22 27 33 38 44 49 55 60 65 71

Size (z) attime t




IPM: 101

In Practice...
K(z',z) The transition Kernel
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U Transition kernel

G(Z,, Z)S(Z) + %pB (Z)B(Z)GO (Z’)S(ZO) n(Z’ t)dZ Transition kernel

Transition kernel
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Transition kernel

Daily Size Distribution, n(zt):

These can be | Populstion=e7
combined for
daily and
asymptotic
behavior.
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Model Demo

The Fish Toxicity

Iranslator

V0.7 Beta

*“-q._

-

«Build baseline life
histary
«Build and apply
stressor(s) to baseline
#Establish annual daily
exposure profile(s)

«Supply predetermined
chemical effects or use
Threshold Effects Model

Build

Scenarios

-

Visualize

Scenarios

Plot growth, reproduction,
and survival by size and date

*Spawning probability,
stressor exposure and acute
effects

sTime series plots of changing
spawning probabilities and

exposure effects

/

»Determine initial
population parameters
*5ize distribution
*Number of individuals

= Adjust numerical

computation

parameters

Run Built
Scenarios

g Analyze
Model Results

= Full Scenario Cross
Comparizons

= Streszor-influenced
deviations from baseline

= Simulated demographic
shifts
= Population dynamics
= Populzstion growth rates
= |Individual size distribution

= Total biomass and mare...
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GUITeam: W. Melendez - GDIT, J. Frisch - GDIT



FISH TOXICITY TRANSLATOR
Integral Projection Model Team

F. Whiteman

S. Kadlec
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