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humm　health，with　the　hope　of　a　better　balmce　between　the　welfare　of　the　cu皿ent　human

generatio皿and　that　of　f1』ture　gener乱tions．

　　　　　　Nakmishi（1995）f耐herproPosedthattheriskofextincti㎝ofanimalsandplants

m…ght　be　used　as　the　basis　for　qua加ifying　ecological　risk．The　extimtion　of　species，mce，

or　a皿y　taxommic　unit　is　an　unrecove閉b1e　and　deprives　future　human　gene閉tions　of　the

opPortunity　to　enjoy　its　potential　use．The　loss　of　biodiversity　may　tbreaten　the　ecosystem

stab11ity　aηd　functi㎝（Schu1ze＆Mooney1993〕．Ev㎝if　most　species　that　have　been1ost

md　wm　be　lost　are　of　m　direct　economical　vaIue，their　loss　serves　a冒a　good　meas1皿e　of

ecological　risk　because　it　is　likely　to　be　comlated　with　the　magnit1』de　of　the　geneml　threat

to　the　envimnment　and　ecosystem．

　　　　　　But　how　cm　we　measure　the　risk　of　populatioηextinction　in　the　fie1d？Even　if

there　are　methods　to　evaluate　extinction　risk，are　they　sufficiently　reliab1e　and　robust　so　that

environmental　risk　a昌sessment　can　be　based　on　them？　Are　tbey　simple　enough　to　be

app1ioable　to　many　species　for　which　little　ecologica1st1』dy　has　been　carried　out？A　very

exact　method　of　estimating　extiηotion　risk　might　mt　be　usef1』I　if　it　requ丑res　maηy　years　of

careful　and　laborious　study．

　　　　　　0110e　the　extinction　risk，or　the　probability　of　pop1』Iation　extinction　to　occur　within

a　specified　time　frame，is　adopted　as　a　criterio皿for　eco1ogical　risk，the　sn］dy　of

environmental　risk　as5essme1lt　immediate1y　beoomes　close　to　several　disoiplines　of　applied

ecology．For　example，conserwtion　biology　is　a冨oieme　studying　how　speoies　extinotioll

o㏄urs，and　dete㎜ining　methods　to　mitigate　the　loss　ofbiologica1diversity（Ginzburg舳1．

1982；Primack1993）．S1』stainable　m劃nagement　of　biologica1resources，such　as　fishery　and

huntil1g，has　also　startod　to　considering　the　risk　of　extinction　of　the　rosources　species　in

recent　years（Lande直丘4－1995；Saether〃o’．1996）．

　　　　　　In　this　paper，I　overview　the　research　effort　in　this　CREST　project　on　estab1ishing　an

eoologicalriskc㎝㏄ptbased㎝theprobabilityofpoPu1atione・tincti㎝．

1・1F『o”一1o工比’砂工o”iリ四1「o｛卯1o血3

　　　　　　Study　of　the　fisk　of　diversity1oss　caused　by　environmental　release　of　toxio

chemicaIs　includes　several　steps（Fig．I）．

　　　　　　First，the　toxicity　of　potentially　harmful　chemioals　is　norma1ly　me且s1』red　for　its

eff㏄ts　on　the　s1』rvivorship，fertility，and　growth　rate　of　test　organisms．Since　the　reduction

of　these　demographic　parameters　can　on1y　be　observable　at　much　higher　conce耐ratiom

thm　thaHn　the　field，we　must　do　some　extrapo1ati㎝of　the　effect　at　low　con㏄ntmti㎝．We

must　then　combine　these　measurements　with　demogmphic　parameters（e．g．age－specific

mortality）to　tbe　effect　on　the　aggregate　statistics，such　as　intrinsic　growth　rate　r．Y．Tan荻a

has　studied　potential　probIems　with　these　procedures　and　worked　out　so1ution昌（Tanaka

1997）．He　ha冒been　also　reviewed　the　laboratory　measuremeηts　of　toxicity．

　　　　　　The　second　step　is　to　evaluate　tho　populatio11extinction　risk　once　intrinsic　growth

rato　r，canツing　oapacityκ，and　environmental　f1uctuatioηare　known．This　has　been　studied

by　H．H疵oyama　and　Y．Iwasa．The　large昌t　problem　is　the　difficulty　in　the　estimation　of

parameters，especiaI1ゾhe　estimate　of　the　magnitude　of　environmenta1f1uctuation，which　is

一43一



essential in extinction risk assessment and yet is very dlfficu]t to determine. 

has developed a new strategy to cope with this problem, as explained below. 

Dr. Hakoyama 
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Common Currency in 
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Once we have a method to estimate the risk of population extinction, we can then 

need to convert it the general loss of biodiversity. It is well known that the perturbation of 

one species in an ecosystem will propagates through the networks of species interaction and 

mlght cause the extinction of several other species. Such a "community effect" has been 

studled in theoretical ecology (Pirnm 1982), but the study is often limlted to a highly 

ideallzed model of species interaction, such as Lotka-Volterra equations. Even so it is 

concluded that we can make no general conclusion on the directlon and the magnitude of 

community effects. K. Miyamoto has been working on this community effects in the 

ecosystem model for the Lake Biwa community, including many speices of phytoplankton, 

zooplankton, fish. He observed an unexpected drop of biomass caused by toxic chemicals 

in his simulation model. 

Population extlnction risk has been used in categories of endangered species (Mace 

and Lande 1991). H. Matsuda and his colleagues have been pointed out potential problems 

of the criteria (M_atsuda et al. 1998). 

2. A New Method of Evaluating Population Extinction Risk. 

Central to this research program is the estimate of population extinction risk and its 

increase due to various kinds of threat (e.g, habitat size reduction, habitat fragmentation, 

toxic chemical release, recurrent spread of epidemics, invasion of competitors, genetic 

deterioration). To evaluate the extinction risk of natural populations, computer simulation 

models are constructed, which are flexible and can incorporate realistic structures. However, 

realistic simulation models have a large number of parameters, many of which are often 

difflcult to estimate accurately from available data. In partlcular, an estimate of the 
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2 K~ R(K+D)+1 1 R()'-x) y + D TK cr~2e2JoJo (y+D)ydydx' 
x+D (2) 

2r 1
 where R ~ and D~- . (see; Lande et al. 1995) a*2K 2 a, 

We carried out computer simulations. For each set of parameters, more than 500 

(sornetimes 1000) replicates were made in calculating the time to extinction, Ieading to an 

estirnate of reliability interval of about 12%. Equation (2) was always consistent with 

computer simulations. 

The mean extin~tion time TK increases with K at an increasing rate, if the 

environmental stochasticity is small. On the contrary, the mean extinction time only slightly 

increases at a decreasing rate with the carrying capacity when the environmental fluctuation 

is sufflciently large (Fig. 2). 

To obtain a formula showing explicit dependence on the parameters, we derived an 

approximate expression that gives TK in terms of r, K, and (y.2. We calculated the integral 

Eq. (2) numerically for a range of parameters and derived two regression formulas, 

differing in simplicity and accuracy. In derivlng these, we note scaling property of the 

model. The regression of logarithmic extinction time and the logarithmic carrying capacity 

K gives a simple linear relationship: 

loglo TK = 
2r 
(T~ Ioglo K + [terms independent of K], 

(3) 

(see Ludwig 1976; 

carrying capacity. 

Then the logarithm 

simply by knowing 

Lande 1993). 

Suppose that 

of the mean 

2rla~ -

The mean extinction time is a power function of the 

the habitat change in size without changing in quality. 

extinction time change can be calculated from Eq. (3) 
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3．Estim副他o『M㈱皿ExtimOi011Timo　fmm　P叩1I1曲ti011Fluot11囲tio皿s

　　　　　　To　apply　the　model　to　fie1d　populations，we　need　three　parameters．The　estimate　of

the　intrinsio　rate　of　pop1』lation　growtb　r　obtained　in　a　habitat　or　in　a　Iaboratory　may　be　used

in　a　different　population　witb　proper　care．The　carrying　capacityκand　the　magnitude　of

…im㎜舳1…i・ti。・σ；㎜・tb・m・・・…dfmmth・d・t・。・th岬P・1・ti㎝・t・di・d．

　　　　　　Assuming　sma11fluctuations　aromd　the　populatio皿mea皿（σ；くくr）and　positive

intrinsic　growth　rate（r〉0），we　can　pick　up　a　period　of　pop1』Iation　f11』co』ation　whioh　the

population　size　staying　nearκ，in　which　the　popu1乱tion　is　controHed　by　the　systematic

forces　of　logistic　growth　and　environmental　stoohasticity．Under　this　appmximation，the

…mg・poP・一・ti㎝・i・ea・dth・…i・・㏄．ofthepopu1ati㎝刊・ct・・ti㎝筍・・e：

E［X（1）1・K，・・d
　　　　　　　　　　　σ，K2＋K

V趾rX（1）1・‘　，
　　　　　　　　　　　　　　2r

（4）

respeotively．The　carrying　capacity　can　be　e昌timated　simply　from　the帥erage　population

SiZe．

　　　　　　If　the　intrinsic　growth　rate　r　is　k11own　from　some宮epamte　sources，we　ca■estimate

th・・mim㎜・・t・lw・i・…σ；byfitti・g的th・。b・・…d…i・・。・山h・p叩・1・ti。。

fll』ctuation．

　　　　　　If　a　re1i邑ble　estimate　of　intrinsic　population　growth　rate　r　is　mt　avai1able，we　m刮y

1』se　the　fol1owing　formula　for　the　autoco珊riance　function　of　populat丑on　size：

　　　　　　　　　　　　　　　　　　　　　　　　　　　　σ2K2＋K

κ、（τ）二ω［X（f），X（1・τ）1・‘　召一『一f■，
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　2r

（5）

whereτis　time　lag．In　addition　to　the　nonlim帥f丑tting　to　tbe　autooovari乱nce　function　Eq．

（5），we　developed　a　maximum　likelihood　estimate　of　r　andσ三from　the　time　series　data．

These　gave　very　similar　results．

　　　　　　We　have　camied㎝t　computer　simulations　to　examine　the　a㏄uracy　of　the　method．

［1］　　If　we　kmw　the　comect　value　of　intrimic　gmwth　rate　r，the　maximum　like1ihood

estimate　of　environmellta1珊riationσ；from　time　series　is　very　accur刮te，so　is　the　estimate

of　the　mean　extinction　timeτ
　　　　　　　　　　　　　　　　　　　　　　　　　　κ．

エ2］　　0η出e　o此er　hand，if　we　do　not　have1nformadon　on　r邊epara士ely，士he　maximum

lik舳。…tim舳・・i・b…d。・th・tim・…i・・｛X（1。），X（1。・τ），X（1。・2τ），、．，

X（1。・附）｝・・tt・i…ti・・t・i・・1・・…舳・1．1・・。・…i・・・…dl．m。・i。。．・。。。。。。

the　estimated　average　extinction　time　is　not　very　poor　if　we　use　a　log－1og　plot．

［3］　　Sometimes，a　re1ative1y　long　time　series　of　catch　in　fishery　or　hunting　i昌available

but　convertion　of　the　data　to　the　actu刮1popu1乱tion　size　might　be　difficuIt．In　such　cases，we

・・…1・・1・1・㎝・i・㎝m・・t・川・・tmti。・・σテf・。mth・tim・…i・㍑・・1・ti・・p叩・1・ti。・・i。。．
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If r is estimated separately, we have quite reliable estlmate of a~, but even if no separate 

informatlon of r is available, we can still use time serles data of the catch or hunting and 

estimate of both r and a~･ But the estimate of extinction time itself requires on estimate of 

carrying capacity K. 

4. Aggregation of the Dynamics in Two Populations to a One-Population Model 

This method can be used to aggregate a complex model to a simple model, Eq. (1). 

As an example, we study a metapopulatlon composed of two local populations. Let Xl and 

X2 be the size of two populations, each following a stochastlc model with logistic equation: 

rXl(1 + sl (t) o Xl + ~fll (t) ~' ~T + m(X2 - X1 )' l= - ) dX XI 

rX2(1 2 + 8 (t)oX + ~d2(t)o~ +m(XI ~ X2)' 

(6a) 

(6b) 

where el(t) and e2(t) are white noise for environmental stochastieity with magnitude of 

(T~･ Let p be the correlation coefficient between these two. ~dl(t) and ~,/2(t) in Eq. (6) 

are independent white noises of demographic stochasticity, and m is the migration rate. 

The intrinsic growth rate, r, and the carrying capacity. K, are the same in two local 

populations. 

For different values of mlgration rate between the population m and correlation p 

of the environmental fluctuations in the two habitats, we did computer simulation. For each 

set of parameter values, we calculated 500 replicates, and then estimated the extinction time, 
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Now we apply an aggregation method. We first generated a sample path of 

population sizes in the two habitats, then estimated three parameters, ~. K, and ^(T.2 by 

fitting to the sampled population fluctuations to the canonical model, and calculated the 

mean extinction time TK using Eq. (2), finally compared it with TK obtained from 

computer simulations. 

Given the time series data of the population sizes In the two habitats, there are two 

different methods to fit to the canonical model We may flt the total population size 

Xl (t) + X2(t) to the canonical mode]. The second method is to sample the population slze 

in one habitat, say habitat 1, and flt the population size XI(t) to the canonical model Eq. 

(1). Figures 4A and 4B give the estimate of extinction time logTK using parameters 

estimated from Xl(t)+X2(t) and Xl(t), whilst the horlzontal axis is the value from 

computer simulations. Both figures give a highly significant positive correlatlon, though 

they include considerab]e variances. The prediction of Eq. (3) with parameters estimated 

by Xl(t)+X2(t) tends to underestimate logTK, and the prediction with parameters 

estimated by X1(t) tends to overestimate it. 

The slope of regression for Fig. 4A (estimate from Xl(t)+X2(t)) was not 

statistlcally significantly different from l. The extinction time estimate TK may deviate 

systematical]y from the true values from the direct computer sirnulation, the difference in 

10g TK Is a constant. For the purpose of evaluating the risk factor causing the decrease in 

log TK , the aggregation method is quite applicable. 
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