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Application of Ecological Theories to Ecotoxicological Data Analysis

Yoshinari TANAKAY

Synopsis

Ecological theories relevant to estimate hazard of chemical exposure to

populational proliferation are reviewed. The Leslie matrix model describes dynam-

ics of age or stage-structured populations under stochastic environments. If toxi-

cants’ effects are different between ages or stages of test organisms, and the chemi-

cal exposure to environments is time-dependent, the Leslie matrix model is the

most straightforward method to simulate population dynamics and extinction. The

life-cycle sensitivity analysis evaluates relative importance of age-specific or stage-

specific toxicants’ effects to population growth. This method may be relevant to

know important life stages for chemical pollutants to decrease population growth.

If life stages that are not important for population growth are excluded from

ecotoxicological experiments, the ecological bicassays may be greatly simplified.
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%1 Daphnia pulex Dh F =9 2 BRicB I 24E6%K

" conc. time(days) (¥ longevity ([ ) fecundity (m) sensitivity of s, sensitivity of m1, intrinsic rate

0 05 3 1.00 0.00 0.739 0
5-10 8 1.00 5.80 0.186  1.155 2.14
11-15 13 1.00 18.20 0039  0.977
16-20 18 1.00 33.20 0.005  0.481
21-25 23 1.00 32.40 - 0.126
1 05 3 1.00 0.00 0.732 0
5-10 8 1.00 5.40 0.187 1.145  2.05
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21-25 23 1.00 2.80 - 0.079
5 05 100 0.0 0.697 0
5-10 8 0.95 4,00 0.196 1.05 1.52
11-15 13 0.85 4.20 0.044 0.728
16-20 18 0.65 0.00 0.006 0.319
21-25 23 0.10 0.00 - 0.067
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£H, TITRITE, RF—NVOREIDEVERS
1 DICRE I EELEROEE LT TH 5, T5b5,
L REE  (a,00/0a;) TH,

ToEMmBICLDE, BEN g 'ETR, IV
VaDEFRIIBVAMTI TH b, 2EDEELALER
THRONIE P o, BRNIKEZLSE, BEALD
BESEEERL O S, BFRORBIEEEEICS
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BERIBABOMERICIEEAEEE LIV, Th
LOTEND, EB1pug l'T, 16AKMLUBOETHK
WKWRETHRMS - foic bbb o TR A R#EINR
MIEEAERD L H - EBRE, REOEVIINLE
BRIEFESEILAEBM LGP - 1clcdTHB
Lisbohrd, £, ABOLEEWSRE, 0BT
DHEEFR L2208 E TOEFKT, WBBRMINEIC



TEARRODEELALEFMTE S L5,

wic, BEOREMTOFAESTTHEI S, —HN
12, BEAOBWEERFRPYRICK S 2N,
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% 23, Barnthouse and Suter (1986) M4 RE
Y22 RIE L= Y= R (Salmo qairdnert)
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&

0 31 199 1778 2734 4685 5424
z 0 0 0 0 0 0
0031 0 0 0 0 0
A=[(0 0 029 0 0 0 0
0 0 0 0144 0 0o 0
0 0 0 0 0154 0 0
0 0 0 0 0 015 0

LB, 2fT1FRE x LBV, 1RAETO
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K SVHERAICIE B &V S OMHEMES S, IR
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®2 =YY<z (Salmo qairdneri) DEMER

Agelyear) Rate Fecundity Survival rate
of per after
mature females mature female 1 year
1 0.151 207 1.0
2 0.234 850 0.31
3 0.995 1787 0.090
4 1.00 2734 0.013
5 1.00 4685 0.0020
6 1.00 5424 0.00030
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®3 EHEARECZEELHBAD=Y v RDEGEK

Age(year) Fecundity(m_ ) Longevity(l ) Age-specific survival rate(s,)

0 0 1 X
1 31.3 x 0.31
2 199 0.31x 0.29
3 1778 0.090x 0.144
4 2734 0.013x 0.154
5 4685 0.0020x 0.15
6 5424 0.00030x -

x EBAEGFER

F4 =V 2FEERBCB T AWBEERIIHT B TS RRE T

Longevity until lyear 0.1 0.01 0.001 0.0001
Reproductive rate(1) 2.76 1.35 0.735 0.431
Age Sensitivity of longevity to age-specific survivorship
0 0.66 0.39 0.15 0.041
1 0.214 0.26 0.19 0.085
-2 0.06 0.15 0.20 0.15
3 0.005 0.025 0.06 0.079
4 4.110 0.004 0.019 0.043
5 2.2-107° 4.7:10-4 0.004 0.015

®5 =V 2EREICBY B EHIEIEICK T B LT LB T

Longevity until 1 year 0.1 0.01 0.001 0.0001
Reproductive rate(1)  2.76 1.35 0.735 0.431
age Sensitivity of longevity to age-specific fecundity
1 0.741 0.089 0.006 2.9-10-4
2 0.534 0.132 0.018 0.001
3 0.502 0.253 0.062 0.008
4 0.04 0.042 0.019 0.004
5 0.004 0.008 0.007 0.003
6 2.4-10-4 0.001 0.002 0.001
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