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A Short Review for the Estimation Method of Intrinsic Rate of Natural Increase
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ABSTRACT: Life table-related studies in insect ecology have been an interesting topic for insect researchers. Two calculation methods
are commonly applied to estimate the intrinsic rate of natural increase (7, in the life table statistics. The first method is to estimate an
approximate 7,, by dividing the natural logarithm of the net reproductive rate (Ry) by mean generation time (7") (namely mean generation
time-based method). Another approach is to apply the Lotka-Euler equation derived from the population growth equation of
Lotka-Volterra to estimate accurate 7,, using the maximum likelihood method (Lotka-Euler equation-based method). In the latter case,
there is a difference in the estimated 7,, value when the initial age class of the target cohort was set to “0” or “1”, which confused the
application. In this short review, a brief history of the calculation process of the life table was reviewed. It was again confirmed in the

Lotka-Euler equation-based method that the form of Y e "“I,m, = 1 should be applied to estimate 7,, when the first age class was set

z=1

w
to zero, while the form of ¥ e """ m_ =1 when set to one.
z=0
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g 4= It Carey, 2001).
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1947, Smith and Keyfitz, 1977). o] A5 W& SA1ESA 3
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(Age specific life table) = 5% Ay g 3 (Cohort life table) T
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1947; Morris, 1965; Southwood, 1978; Hawkins et al., 1997).
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D532 Ql(key factor)S FH3H=t] E-&FIcHVarley
and Gradwell, 1960). oF2| Arg kol 4] 315-2] UK H-5THA
717kol| Rgsto] A IES AHdShe 7 T AT E(Partial
life table)7} EICHKim and Lee, 2002).

2 E7} A ¥(Lotka life table)+=Lotka (1928) 2] 14 7l A
& v} I AiE78{(Net reproductive rate) 2} U2z}
Z7}-&(Intrinsic rate of natural increase) -2 t}oFst 7)1 4| =
AlZK Q17+ EA%, Population statistics)-& =43}7] $J51o]
(column)of] AE AE(, )2 & 8(m, )& Bt 2Hdst
AT 3 o|tH(Birch, 1948; Andrewartha and Birch, 1954). <
A2l -5 A AN 53 Aeks drbd = 25}
53k APl LS 7|58 4 QAL (4P o SAeet
7 A A 7173 A A AmE dS 5 7] e
HEAQ] ZET AYHEQ A HE(Fertility life table,
A1) 5 2 4= QITH(Park et al., 2022).
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ﬂl*PﬂW oM & 4= 5ol FatAlH 71z =129l A
SA i = S5 E(GRR) T 25 7R Ry) o™
U1 Az B FAA 717 AR ©f ke wheth
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WA S At AR (4] 2014 S
3 A1(Dublin and Lotka, 1925; Lotka, 1939) 0.2 3435k 4= Q]
TH(Birch, 1948). o] A2 R E7|- 9 A ejA)(Lotka-Euler equation)
o= duA glom A2F o FEHE 2L qlok

/ e lmyde =1 — e lm, =1 ®)
0

ol B Aol A4H 0= A ufet ey
o] o7 H3x(Stable age distribution)o]] =E35HA| H 1, /A
XA AN/ dt = r Vo] v1&-E Z715}A Eltk(Lotka, 1925; Birch,
1945). WhebA QY ARES 71Ho1 4 ()% ol 1ol U
AR AZ718-2 ALK 4= Itk Birch, 1948). Birch (1948)=
r QE2 B AL EA R ALS Bolol ¢ 2} Lm, 2] A
A o] 1o +HEF Y= A8, Maximum hkehhood
method) D we] r hS AE WAAAZI R ARSIk
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Z|2 APT 0l 0 E= 1 Ao thgt Exto] A|7 =] %
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(Krebs, 1972; Ricklefs, 1979) 0.2 =2 =t}
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Lof tigt v 1o} AE+= AL At Murray, 1991; Stearns,
1992; David et al., 1995; Jha et al., 2012; Park et al., 2022). o}
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Table 1. Comparison of life table parameters estimated by different methods and age setting of the youngest age for a hypothesized

aphid chort (see details in Supp. |, available online)

Estimated by generation

Estimated by Lotka-Euler equation

Parameter time-based method Age indexed as 1 Age indexed as 0
(Age indexed as 1) ¢~ (Eqn. 9) PACESD) e e @+ (Eqn. 10)

r 0.22767 0.25316 0.23369 0.27651 0.25316

A 27.85 27.85 27.85 27.85 27.85

GRR 37.44 37.44 37.44 37.44 37.44
T 14.01 13.14 14.24 12.03 13.14
A 1.26 1.29 1.26 1.32 1.29

DT 3.04 2.74 2.97 2.51 2.74

Abbreviation: GRR (gross reproductive rate), Ry (net reproductive rate), 7 (mean generation time), » (intrinsic rate of natural increase),

A (finite rate of increase), and DT (population doubling time).
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A4S 2] (10)(e Y 29y 02 AR AHE EA 7t
2 FY5HA YERFTtHGoodman, 1982). o]d U3 A=
#&e] 3JH(Leslie, 1945)2 0]-8-51o] 2Fol %l v} It David et
al.,, 1995; Jha et al., 2012). A|th7|7F-7]5F 7w © &2 A kgt
WARAS7 RS o] 7 4] K} thar TRy 7 e of 2w QL
ot RE7Re YA AN 27|AHE 12 sk
e g A gE Y, 002 AYslal e S A BoHE A
o2 Aulol EAgo] AEE 4= gty 3219 AL Krebs
(1972), Ricklefs (1979) 5-2] A o] A LA FE CHReviewed by
David et al., 1995).
WAL AS7HE gho] DepA| ofof] J3kS

VAR B o = kel P P A ST R Xé P W HE
aYu FFAEY
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biological performance)2 B g 4= Qthal 172519 th(Heo

et al., 2022).
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