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. Extinction risk estimation for single populations

. The uncertainty analysis for the extinction risk
estimation

. Extinction risk estimation by a community dynamics
model dealing with interspecific interaction



Unit of Ecological Risk = Extinction Probability

(Decrement of Mean Extinction Time, MET)

Human Health Risk Ecological Risk

Mortality Extinction Probability

Reduced Lifespan Decrement in Extinction Time




destruction of
habitats

overhunting

Invasion by
exotic species

pollution by
chemicals

-
Species extinction






pollutant
pollutant

pollutant
pollutant

pollutant

pollutant

benchmark

probabilistic

&9 >
S >
()

environ-
ment




Relationship between Growth Rate and Extinction of Populations
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The Scaling Law of MET
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Changes in orders of magnitude of MET

AlogT = (Ar/v)xlogK
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Daphnia galeata LAS12
A life table test for LAS12 to D.galeata

Omg/L 2.5mg/L
age longevity fecundity | longevity fecundity
0 1.00 0.00 1.00 0.00
2 1.00 0.00 0.90 0.00
5 1.00 0.00 0.70 0.00
8 1.00 0.90 0.60 0.00
12 1.00 11.50 0.60 3.83
14 1.00 7.20 0.60 10.00
16 0.90 1.33 0.60 2.00
19 0.70 9.86 0.60 71.67

0.249 0.1/8
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Euler-Lotka Equation
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Concentration-intrinsic rate (r) curve (power M=M= (E)

function model)
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D.galeata

Life table tests with D.galeata
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The concentration-r models

Three models

power function

Welbull model

guadratic function

MSC ( model selection criterion)

An index of fithess of mathematical models to data.
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Concentration-intrinsic rate (r) curve (power
function model)
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Intrinsic Rate of Natural Increase

Curve Fitting of the Standardized Entire Data to the Power Function Model

model: y=1-x"f3
B =1.8399
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a

Estimation of a -values from acute 50 % lethal concentration
(LC50) by the acute-chronic extrapolation
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a =cx® In(a )
In(a )=blnx+Inc 1
b=0.843
c=1.562

In(LC50)




Relationship between mean extinction time
and extinction probability

Number of

extinctions




Extinction probability increasing with concentration of
chemicals
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Daphnia Extinction risks of some pollutants for Daphnia

chemicals MEEC EEC LC50 Ap Ap EHO

LAS 3000 1500 5700 4.00x 10™ 5.60x 107  26.3
pyridaphenthion 12 6 38 7.35x 1077 3.75x 10°® 158
malathon 45 2.24 13 591x 1077 3.03x 10° 172
diazinon 2 1 7.8 258x 1077 1.34x 10° 128
nonylphenol 71 35 75 7.59% 10  4.13x 1077 467
fenocarb 12 6 320 2.09x 10 1.30x 107" 1.88
fenitrothion 02 0.1 92 258x 1077  1.99x 10° 1.09
benthiocarb 7 35 750 2.04x 10° 1.60x 10° 0.467
mefenaset 8 4 1840 6.46x 10'° 557x 107  0.217
fenthion 0.05 0.03 55 441x 107 3.95x 10°  0.455
molinate 24 12 40000 3.86x 107" 4.13x 10° 0.03
simetryn 9 45 27000 1.18x 107" 1.36x 107 0.017
pretyrachlor 6 3 26500 6.33x 107*% 7.58x 10 0.011
butachlor 2 1 25000 8.38x 107 1.13x 107 0.004

MEEC (ppb) Maximum environmental concentration (ppb)

EEC 0.5 Environmental exposure concentration (maximumx0.5)

LC50 (ppb) Acute toxicity

Ap Extinction probability

Ap Extinction probability (upper bound)

EHQ (EEC/LC50)*100
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Coefficient of variation of MET

AlogT Coefficient of variation of A log T
( without extrapolation)
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3
Ecological risk through interspecific interaction
. 3-species community model

fisn:

Insecticides Zooplankton

o

Herbicides Phytoplankton




Prey-predator association between phyto- and zooplankton
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Chemicals

Effect of pollutant chemicals

e
Phytoplankton
>~
Population growth rate
Zooplankton 4
Egg Hatchability
Larva }
: Survival rate
Juvenile
Adult A=

Survival rate  Reproduction



L C50

Toxicity data (LC50)
(M o/L)
Chemicals Algae Daphnia  Egg Larva Juvenile Adult Reproduction

Diazinon 00 1.5 9700 5400 2800 5500 00
Pyridafenthion 00 38 9500 9500 4750 9500 00
Pretyrachlor 0.94(1) 27000 2000 1400 810 1800 00
Butachlor 1.16(1) 25000 1700 1700 850 1700 00
25000(2) 2500 4600 5000 6500 23000 00
p-nonylphenol 750 75 00 00 00 00 50

Tentative values

a a -values



Environmental Exposure Data

Diazinon Butachlor LAS12
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Diazinon (fraction:3)

6 I I I I

Simulated population dynamicsunder  EEC
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Extinction rate (%)

Relationships between environmental exposure concentration and
frequencies of extinction
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50% extinction concentration

XC30: 50 100

XC50: The concentration at which 50 % populations
go extinct within 100 years (denoted as fractions of
measured EEC)

chemicals XC50 EEC/LC50
pretyrachlor 0.45 1.18
butachlor 0.61 0.96
LAS LAS 1.85 0.07
diazinon 2.98 1.11
pyridaphenthion 6.04 0.32

nonylphenol 27.1 0.06




Conclusion

Extinction risk estimation is feasible if pollutant effects on the intrinsic rate of
natural increase (r, the population growth rate) are eval uated.

The dose-response curve for r can be approximated by the power function.
20

Estimation errors for the environmental exposure concentration larger than 20 %
inflate uncertainty in the extinction risk estimation. The acute-chronic
extrapolation based on L C50s doubles the uncertainty.

3

The three-species simplified community model can estimate the ecological risk
through interspecific interaction.

It was suggested that the bottom-up effects of pollutant chemicals directly
affecting producers through interspecific interactions are important for
extinction of higher predatory species.
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Mean Extinction Time Based on Diffusion Modd

[1 P.Foley (1994)

1
T= E[exp(Zsln K)(1-exp(-2sInK)) - 2sInK]

where s=riv v:
[] Lande (1993)

T(K) =

environmental variance

2(KC-1
VC C

—-1In Kj where c=2r/v-1

[] Hakoyamaand Iwasa personal communication
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The concentration-r models

p
X
: r(x)= 1—(—)
power function (X) 7/{ o }
B
X
Weibull model r(X)=7{2—eXp{(a) H
quadratic function r(x) = 7/(1— OKX—ﬂXZ)
MSC ( model selection criterion)
mean value
- vV
w (% =)’
MSC = In| =% _Z2p
& 2 n  Xxdata
- Wi(xi B Xi) p: number of parameters

n: number of data
expected value



Standar dization of all data

X (exposure concentration of chemicals) — X/

I" (intrinsic rate of natural increase) — r/ [

Dose-r curve
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Two assumptions

1. a (LC50) p=L1. ~logk
c c ongo c 5 — \Y

Extinction probability is 1 when EEC is po =10

equal toa (LCS0). r=0015 v=003 for
2 D —106 D.brachyurum

" 0_ N

The background risk ~ p,=10 K=10'? D.galeata in Kasumigaura
Background risk 107 107 107 107 107° 107
Population size 10* 10° 10° 10" 10" 10"
[LC50]x 0.1
'A logT! 22x 107% 3.3x 107 4.3x 107 54x 107 65x 107 7.6x 107
Ap 51x 10 7.8x 10 1.1x 10 1.3x 10° 1.6x 107" 1.9x 10°

[LC50]x 0.01
'A logT! 31x 107 4.7x 10™* 63x 107 7.8x 10™ 94x 10™* 1.1x 107
Ap 72x 107° 1.1x 10 15x 107" 1.8x 107° 2.2x 10 25x 107




Uncertainty analysis

vam=(2) v, Z)v,+ (2],

T="1(x,f,X

V, a

Variance of a (Uncertainty due to toxicological data and extrapolation)
V, B

Variance of 3 (Uncertainty due to toxicological data)
V

X

Variance of exposure concentration (Uncertainty due to estimation of EEC)



a

Distribution of a values estimated from resampled data sets (10 data each)
with the bootstrap method

0.6 T
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e : log-normal distribution
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B

Distribution of 3 values estimated from resampled data sets (10 data each)
with the bootstrap method

0.3 T
— . datafrom resamplings
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA : log-normal distribution
samplesize 10
0.15 4 number of resamplings : 500

frequency

arithmetic mean 2.46

geometric mean 2.00




Coefficient of variation of MET

AlogT Coefficient of variation of A log T
( without extrapolation)
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Coefficient of variation of MET

AlogT

Coefficient of variation of A log T
with extrapolation)
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