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Abstract 

Ecological risk measured by populational extinction probability is calculated with extinction 

time models based on the diffusion theory and ecotoxicological experiments. The 

ecotoxicological data relevant for calculating extinction risk are mostly provided by life table 

evaluation and population growth experiments. Data are reviewed and analyzed for 47 

combinations of test organisms and chemicals. It was suggested that the extinction risk due to 

exposure of ten percents of LCso reduces mean extinction time by several percents or more while 

that due to one percent of LC50 reduces mean extinction time only by less than one percent. 

1. Introduction 

Estimation of extinction probability or mean extinction time may be relevant to the ecological 

risk assessment of chemical pollutants. This measure is commonly used in conservation biology . 

and environmental science (Soule 1987; Caughley and Gunn 1996). With the extinction 

probability one can compare risks due to qualitatively different causes, e.g. destruction of 

habitats, over-hunting, chemical pollution, etc, 

For calculating extinction risk of populations due to pollutants, population parameters that the 

mathematical models require for prediction of extinction probability must be estimated based on 

toxicological data and exposure analysis. Intrinsic rate of natural increase is the most important 

parameter because it is the end-product of all life history traits or behavioral characters that 

determines the capability of populations to propagate. 

The present study reviews the ecological models that are relevant for extinction risk evaluation, 

and proposes that the life table evaluation is the most relevant toxicity test for applying the 

theoretical models. The life table evaluation consists of several life tables and reproduction tables 

describing age-specific fecundity and survival rate until each age class (Bertram and Hart 1979; 

Allan and Daniels 1982). Since intrinsic rates of natural increase can be determined from life 

tables, the intrinsic rates can be estimated as a response to exposure of chemicals if several life 

-1al-

i
 

i
,
 



table data are taken for different concentrations of the chemicals. 

Provided that the effect of chemical pollutants to the intrinsic rate of increase is estimated, 

extinction risk corresponding to the decrements of the intrinsic rate can be calculated by 

mathematical models of extinction probability or time (Lande 1988, 1993; Foley 1994; 

Hakoyama and lwasa [unpublished]), Published toxicological data by the life table evaluation are 

analyzed using a quadratic equation for the relationship between concentration and the intrinsic 

rate. Extinction risk is evaluated by decrements of mean extinction time due to exposure of 

pollutants. 

2. Analytical Methods 

2.1 Mean Extinction Time Models 

Theoretical studies on extinction are based on application of the diffusion process and the 

branching process in the probability theory. The diffusion process is more suitable to stable 

environments where equilibrium population size is large and environmental fluctuation is small. 

Thus for calculating extinction risk of endangered species the branching process may be more 

suitable while for calculating that of a large stable population the diffusion process may be more 

suitable (Fig. 1). For ecological risk assessment of chemical pollutants in nearly stationary 

environments, e.g. Iakes and forests, the diffusion approximation is the most realistic assumption. 

Throughout this paper we apply the diffusion process for calculating extinction risk of pollutants. 

Population Size 

Diffusion Process 

･ Iarge equiiibfium 
population 

･small environm ental 
fluctuation 

Branching Process 

･small equilibrium 
population 

･ Iarge environmental 
fluctuation 

Generation Extinction 

Generation Extlnctlon 

Fig.1. Schematic drawing of populational extinction subject to the diffusion 

process and the branching process 

The mean extinction time of a population due to diffusion process is given by a solution of a 
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Comparison between the three models with various parameter values of r. K and v may give 

some insight about precision of those models. Results are shown in Fig. 2. The major properties 

inferred from the figure are large differences in mean extinction tlmes expected from the three 

models, and a fairly consistent tendency among the three models of mean extinction time in the 

10garithmic scale decreasing with the intrinsic rate of natural increase. 
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Fig. 2. Extinction time models 

Among the three models Lande's model gave estimates of mean extinction times shorter than 

the other two models. Foley (1994) practiced some Monte Carlo simulations and showed good 

compatibility with the theoretical predictions. Hakoyama and lwasa (personal communication) 

have also executed several simulations to check the robustness of their expression. Thus Lande's 

solution, which predicts extinction times a couple of orders shorter than those the other two 

models predict, may give underestimates of the mean extinction time. 

Nonetheless, the rough tendency of the mean extinction time in the logarithmic scale to 

decrease as the intrinsic rate of natural increase decreases is fairly common among the models. 

Decrements of mean extinction time in logarithm ( A Iog T ) corresponding to decrements of the 

intrinsic rate ( Ar ) are in a fairly good agreement among the models. Therefore, it is considered 

to be feasible to evaluate extinction risk in terms of the decrements of mean extinction time in the 

10garithmic scale, in other words, proportional reduction in the mean extinction time. 

Figure 3 shows interactions between decreases of the intrinsic rate of natural increase (or 

concentrations of chemicals) and carrying capacity to reduce mean extinction time. The mean 

extinction time decreases exponentially with K values (the vertical axis draws a iog scale). The 

concentration- extinction time curves are nearly the same shape with different K values, This 

suggests that chemical pollution and a factor decreasing K values (e.g, destruction of habitats) 

affect the mean extinction time roughly independently. Decrements of log [extinction time] are 

nearly constant regardless of K values, suggesting that extinction risk measured as proportional 

reductions of extinction time does not depend on the assumption of equilibrium population size. 
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Fig. 3. Mean extinction time as a function of 

chemical exposure with various carrying 

capacities 

2.2 Llfe Table Evaluation and Dose-Response Function 

Ecotoxicological studies that estimated effects of chemical pollutants to organisms in terms of 

intrinsic rate of natural increase by life table evaluation or population growth experiments are 

listed in Table 1. However, the list is not perfect. Most of the listed studies estimated intrinsic 

rate of population increase for several different concentrations of chemicals by life tables or 

population growth experiments. Some studies need calculations using the Euler-Lotka equation 

(1= ~( - ) e "tmtlt ) for estimating the intrinsic rate, From population growth experiments the 

intrinsic rate is determined by fitting data of population size across time to the logistic equation 

N dN dN = rN(1-~) 
= rN ). The fitting to functions are practiced ) or exponential function (-(-

d t d t 

by "generalized regression" of MathCadPlus (MathSoft), 

Table I a - and ~ -values in Lhe power function estimated from dose-r data 

endosulfan 

chromium 

mercury 

Gopper 

cepper 

copper 

copper 
gamma radiation 

D JTlagna 

Daphnia abtusa 

Mysidopsis bahia 

D,magna 

D,pule;( 

D,parvula 

D,ambigua 

D,pulex 

2470 

109~5 

1 58 

1 20.9 1 

68. 1 5 

60 

68A7 

69~6 

105-

oil6 
13 23 

2~s9 

3
 
5.06 

6i25 

5A1 
1 ~~9 

2 3) 

20) 

2 6) 

1 4) 

1 4) 

1 4) 

14) 

2 9) 



acid 

DDT(lab~ulture) 

DDT(conJfiedl) 

dieldrin 

dieldrin 

nickel 

ke pcne 

eopper (algal faod) 

copper (trout food) 

fcnvalerate 

cadmium 
metals (TU) 

metals (WQO) 

PCP 
phenol 

4-chloroaniiine 

4-nitrophenol 

gamma radiation 

4-nitrophenol 

4-nitrophenol 

disulfiram 

TMTU 
zineb 

cadmium 

cadmium 

cadmium 

cadmium 

cadmium 

chromium 

capper 
lead 

mercury 
zinc 

cadmium 

chromium 

copper 

lead 
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zinc 

D pulex 

Lepidodermella 

squammata 
Lepidodermelia 
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E,aff inis 

D.pulex 

Mysidopsis bahia 

Eurytemora affinis 
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D JQulex 

D.magna 
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Brachianus rubens 
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D magna 
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D,magna 
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D,magna 

Chlerella pyrenoidosa 

Ctenadrilus serratus 

Ctenodrilus serratus 

Ctenodrilus serratus 

Ctenodrilus serratus 

Ctenodri lus serratus 

Ctenodri]us serratus 

OphryotraGha 

diadema 

Ophryotrocha 

diadema 

Ophryotreeha 

diadema 

Ophryetrooha 

diadema 

OphryotroGha 

diadema 

Ophryotrocha 

diadema 

2.792 

4.227 

0.69 

5()97 

201 ~9 

1 1 6A2 

23.45 

1 O1 .1 5 

1 1 5.26 

0.057 

13,14 

e.4 

1.178 

0.227 

44 J02 

84.98 

1 4.92 

397.4 

241 1 O 

1 2090 

24.6 

1 O0060 

221 13 

3. 1 94 

30.98 

1 92~6 

1 0520 

48 1 O 

646 

250 

3253 

1 OO 

5266 

3491 

675 

1 83 

45 1 

101 

936 

2.67 

0.478 

0.288 

9 16 

29~ 
1 19 

1~3 

5.1 9 

1~ 
4,92 

0.585 

2~8 
1 42 

6 192 

0.846 

1 .1 86 

O,e29 

8~S61 

3O73 

9~3 
3S7 
2.78 

1 18 

1 .93 

4.82 

0.6 1 4 

0.652 

~ ~395 

2~65 
1 .61 7 
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1 .33 

319 
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1.14 
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2 8) 

8
)
 
8
)
 
25) 

9
)
 
11) 

11) 
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1 9) 

2 2) 

22) 

27) 

27) 

27) 

2 7) 

30) 

1 2) 

1 2) 

35) 

35) 

35) 

1 3) 

1 3) 

1 3) 

1 3) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

33) 

Each data set consists of estimates of intrinsic rate for a control and several concentrations of 

exposed chemicals. Here it is assumed that the concentration-intrinsic rate curve are 

approximated by a quadratic equation which follows, r(x) 
,
 { (- , 'ma' I ') 

" 
where x is 
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