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From life history description to life
table study

Life history study
+

Experimental design
Life table study = +
Life table theory

5 1 15
+ Age (days)

Relative number alive

Proper data analysis
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Life table is the most and only
comprehensive and correct
way to describe the survival

and reproduction of a
population. But ...
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Linking Life Table and Predation
Rate for Biological Control

» Biological
control

©
Age (day) Age day)
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Linking life table with predation

W But, if you cannot apply your life tables in
population projection, biological control, pest
management, etc., then you have completed
only the simplest and the most basic
description of life history.

M Life table is the most important basis of
population ecology. Based on life table, you
can do good population projection, pest
control, mass rearing, etc.
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Life tables are the basis of
population ecology

B Prediction of population growth (pest and
vector).

B Wild life conservation

B Predator-prey relationship

B Sustainable harvesting

B Biological control: mass rearing and release of
natural enemies and quantitative economics.
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Further applications of life tables

B Population projection B Conservation ecology

B [nsurance and endangered species

B Harvesting theory B Introduced species

B Quarantine pests (risk
assessment)

B Timing of control

B Mass rearing and
harvesting B Food chain analysis

W Predator-prey B Ecosystem study

relationship and
biological control

M Habitat evaluation and
planning

Copyright 1997~2016 Hsin Chi 3/20/2016 Page 12

Life table analysis

Matrices ¢ and [
Transition probability
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Growth of age-stage, two-sex

2 Intrinsic rate of increase
structured population
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Number of susvival in each stage vs. time (age)
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Life tables are
the beginning,
not the end.
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@
Similarly....
Life table alone cannot achieve much
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Life table theory is

the most important

basis of population
ecology.
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Application

o Predator‘:--_-_:
| life table

\.
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Life table describes the
characteristics of a population itself
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Predation study based on the age-stage,
two-sex life table can describe the
stage-specific predation rate
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Ecological function of predator

i Consumption and predation rate
. analysis
‘ Biological
Control CONSUME—MSChaI't
.%
0 5 Age‘:‘ay) 15 2 0 20 bﬂAg:(ﬂday) 80 100 ) 120
Copyright 1997~2016 Hsin Chi 3/20/2016 Page 21 Copyright 1997~2016 Hsin Chi 3/20/2016 Page 22

CONSUME-MSChart can be
used to analyze raw data of
consumption (pests), predation
(predators) and parasitism
(parasitoids) rates.
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Raw data of predation rate
collected in life table study

0(1(2]3)| 4 5 6 7 8 9 (10|11 | 12|13 |14 |15 |16 |17 |18 |19 |20
IF EIEIE/L|L|L|L| L P P |P|P PP P|P|F|F|F|F
0(0{0|4|10[15(18({25|/ 0 [0 | 0|0 |[0|0|0|O0| 40|55]64|32|19
F EIEJE(L|L|L|L|L|L|P|P|P|P P F|F|F|F d
0(0({0]|3 |11 [18(27(33|32(0| 0|0 |[0]|0]|20(35|38]|13
IF EIEIEJE|L|L|L|L|L|P| P P | P|P|P|P|F|F|F|F|F
0(0{0|0|5[12(43(31|41(0 | 0|0 |[0|[0| 0|0 |40|34|46|28]|32
aF EIEIE/L|L|L|L|L|/L|{L| P P | P|P|P|P|P|P|F|F|F
0(0{0]|7 |6 |17(22(38|28(22|0 |0 [0[0|0|0|0|0]|26|38|48
™ EIEE/E|L|L|L|L|L|L|L|/L|P|P|P P PP MMM
0(0{0|0 |2 [23(16[24|13(12(31|26(0[0|0|0|0]|O0|34|55|23
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Non-integer consumption rate
collected in life table study

0|12 3 4 5 6 7 8 9 10 | 11 |12 | 13 | 14

1F E|E|E| L L L |L|L P | P P|P|P
0{0|0| 12|15 |16|18 |25 0 0 0 (0|0

2F E|E|E| L L L/ L|L L |P|P|P|P|P
0({0|0]|34 |11 |18]27|33|32| 0 0 0|00

IF E|E|E E L L/ L|L L |P|P|P|P|P
0j0|0 05 (1243|3141 ] 0 0 0|00

4F E|E|E| L L L/ L|L | L |L|P|P|P|P
0/{0|0]| 75|63 |17]22|38|28[22]| 0 0|00

M E|E |E L L/ L|L | L |L|L|L|P|P
0({0(0]| 0 (2923|1624 (03|12|31[26|0 |0
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Data format of CONSUME

F.Egg,L1,L.2,1.3,L4,Pupa,Female
M,Egg,1.1,1.2,1.3,1.4,Pupa,Male
N,Egg,LL1,1.2,1.3,L4,Pupa,Unknown
L1,L4

1,F,3,1,2,2,3,5,15
-1,3,-1,3,8,-1,8,16,-1,38,42,22 -1,-1, 30,45,35,60,63,38
60,65,50,59,70,60,63,48,60,-1

2M,3,2,2.3,4,4,10
-1,34,22,-1,23,14,-1,8,13,21,-1,9,18,25,19,-1, -1
5,6,33,8,0,0,0,0,0,0, -1 (You can omit these zeroes.)
3,N,3,-2

-1,4,26, -1 (Use -1 to end predation data of each stage.)

Same as life
table data
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Data format of CONSUME

F,Egg,1.1,1.2,1.3,L4,Pupa,Female
M,Egg,L.1,L.2,1.3,1.4,Pupa,Male
N,Egg,L.1,L.2,L.3,L4,Pupa,Unknown
L1,L4

-15 5-1)3985- 583 67- ) 54 7225-17-1

30,45,35,60,63,38
60,65,50,59,70,60,63,48,60,-1
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Explanation of data format for CONSUME

"Project: Silverleaf whitefly at 25C"| These three lines
"User: Hsin Chi" are descriptive
"Date: 2012.4.16.-2012.6.10." data. They must

be enclosed in
double quotes.
50 (Number of insects you used at the beginning of
life table study)

3,7 (Number of types and number of life stages.
Please don’t change the number “3”. If there
were only four life stages, e.g., egg, larva, pupa
and adult, you should write 3,4. If there were
only two stages, e.g., preadult and adult, you
should write 3,2 )
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Explanation of data format for CONSUME

F,Egg, L1,L.2,1.3,L4,Pupa,Female (F is the type code of
“female”. Egg, L1, ..., Female are the stage codes of
respective stage.)

M,Egg,L.1,L.2,1.3,1L.4,Pupa,Male (M is the type code of
“male”. Egg, L1, ..., Male are the stage codes of
respective stage.)

N,Egg,L.1,L.2,1.3,L4,Pupa,Unknown (/V is the type code for
individuals died in the immature stages. Egg, L1, ...,
Unknown are the stage codes of respective stage.)

L1,L4 (This line let you to calculate the total development
time from L1 to L4.)
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Explanation of data format for CONSUME
1,F,6,2,3,4,4,7,19
-1,5,4,-1,6,7,8,-1, 12,15,15,6,-1, 23,43,28,12,-1,-1
23,4,33,12,26,11,29,22,56,12,11,23,25,23,5,6,2,1,6,-1
The first individual is female.
The duration of egg,L1, ..., adult are 6, 2, 3,..., 7
days, respectively.
Because the egg does not have predation rate, -1 is
used to end the data of this stage.
L1 lived 2 days, the predation rates were 5 and 4.
L2 lived 3 days, the predation rates were 6,7, and 8.
L3 ({iged 4 days, the predation rates were 12,15,15,
and 6.

Copyright 1997~2016 Hsin Chi 3/20/2016
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Explanation of data format for CONSUME

1,F,6,2,3,4,4,7,19

-1,5,4,-1,6,7,8,-1, 12,15,15,6,-1, 23,43,28,12,-1,-1
23,4,33,12,26,11,29,22,56,12,11,23,25,23,5,6,2,1,6,-1
L4 lived 4 days, the predation rates are 23,43,28,
and 12.

The pupa does not kill, -1 is used to end the data.

The female lived 19 days in adult stage. The
predation rates are 23,4,33,12,26,11,29,22,56,12,
11,23,25,23,5,6,2,1, and 6.

Use “-1” to end of predation data of each stage.
You don’t need to enter all zeros at the tail of each
stage.
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Make debugging easier

1,F,3,2,2,1,6,5,29 (developmental time in one line)
-1,20,51,-1,137,169,-1,284,-1,392,496,453,281,37,0,-1,-1
199,222,305,287,249,351,296,276,325,300
214,204,239,268,251,254,248,269,242,74
125,111,108,137,119,121,95,83,45,-1

2,F.3,2,2,1,6,5,18 (developmental time in one line)
-1,25,48,-1,135,153,-1,298,-1,351,424,314,257,62,0,-1,-1
148,204,304,311,297,318,325,278,267,273
169,155,163,183,188,194,180,164,-1

Copyright 1997~2016 Hsin Chi 3/20/2016 Page 34

Attention!

You should use only pure text
editor (NotePad or others) to
prepare your data file (i.e., txt file).
If you use Word or Excel to
prepare you data and save it to txt
file, you have to double-check it.
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Attention!
Do NOT enter more than 30 data in
each line. Press ENTER at the end
of each line.
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Exercise

Please modify your life table
data file, delete the fecundity
data, add consumption data
to all predatory stages, and
save it to a new folder.

“6-Consumption example”
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Delete fecundity and add predation rate

1,F,3,5,8,5 ;0:42:5:4-1
-1,2,3,4,3,5,-1,-1,5,6,12,13,15,-1
Larva

Adult
5M.4.86.3 @
13.3.44.3582-1-114.16,18.-1
8.N.3.-6
1,3,5.3.7.8,2.-1

Predation example

"Example of predation raw data"

"Chi, H."
"2015.05.09"
10

34

F,Egg,Larva,Pupa,Female
M,Egg,Larva,Pupa,Male
N,Egg,Larva,Pupa,Unknown

Larva, Pupa
1,F3,5,8,5,-1,1,2,2,3,2,-1,-1,4,5,6,7,10,-1
2,F3,6,54,-1,3,4,2,6,8,5,-1,-1,8,9,12,10,-1
3,F4,5,7,5,-1,4,3,7,5,3,-1,-1,8,4,13,12,12,-1
4,F,3,7,8,3,-1,3,4,2,6,7,3,2,-1,-1,8,15,16,-1
5M,4,8,6,3,-1,1,2,3,2,2,4,3,2,-1,-1,7,14,12,-1
6,M,5,4,7,4,-1,4,5,3,6,-1,-1,5,16,12,15,-1
7,N,3,3,-9,-1,4,5,3,-1,-1
8,N,3,-6,-1,3,4,3,2,1,1,-1
9,N,6,-7,-1,1,2,3,2,1,2,1,-1
10,M,3,8,6,3,-1,1,2,3,2,3,4,3,2,-1,-1,12,10,14,-1
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ER _
Age-Stage, Two-Sex Good nightl
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Congratulation! Exercises

Agr stape speciic connumpton rate

‘::? Ml

o Basic Run

21 Resd SASD (in your M table folder) .1
1o cabcuate the fiite prrcation rate f

#1
—

B Go through _output-basic.txt.

B [mport graphic data and prepare figures of [, £,

x> VX0

and ¢, using Excel or SigmaP]lot.

M Detect the relationship between oviposition rate

and predation rate.
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Prepare a figure for /, k,, and ¢, Net predation rate (C, or P,)
r 60
s E CO:Zzsxjcxj:zszjzzkxlx:qu
3 _ _ —
B B=225py=2.2.b;=27
g L E
5 g C, is the mean number of prey consumed by an
F® ; average individual during its life span. The total
ol number of killed prey by a cohort of size N is
0.0 Ado yrereperer S S S M —-. + 0
o w20 30 40 :‘:‘:MZ:I.' 70 80 9% 100 110 NCO and N])()
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Net consumption rate (C, -
P (Co) Transformation rate (Q,)
0 0 - - - - .
| Conversion rate (Q,)
M | I . . C, = ZZ 5,Cy The transformation rate from prey population to
S | I A j . predator offspring (Q,) is calculated as follows:
o |
)| A @Co =45.8 C, 485
O Q,=—=—-=425
=M - 0 e - P R, 114
Bl cocs A= spy
wll o 0 2y o Net predation 4.25 aphids = 1 ladybird beetle egg
19 - - - 3.4 4.3
20 | - - - 3.8 1.2 | rate (PO)
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Critical thinking

Intrinsic rate of increase has often been used
to compare the growth potential of pest
populations. Is it justified to conclude that a
pest population with a higher intrinsic rate will
cause more damage than another with a lower
intrinsic rate, while ignoring the difference in
consumption rate between them?

No!

B You cannot make good judgment about the
predation capacity without the knowledge of
predation rate incorporated into the life table.

B That is the reason why you have to study

consumption rate; and for that you need
CONSUME program.

I grow M Linking life table with consumption rate is an
faster. important step of population ecology.
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Creative thinking Creative thinking

How can we compare the efficiency of
two predators?

1 kill 1 grow
more. faster.

A predator population with higher intrinsic
rate may have a low net predation rate. On
the other hand, a predator population with
higher net predation rate may have a low
intrinsic rate of increase. How can we
compare the efficiency of two predators?

1 kill 1 grow
more. Sfaster.
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Finite Predation Rate

Definition Equation
Stable age-stage distribution (SASD) o m

a,; is the proportion of individuals belonging

Calculate finite predation rate

E At Yo s st A =
o {

Age-Stage, Two-Sex

Consumption Analysis Age-stage specilc consumption rats

to age x and stage j in SASD. x=0 j=1
Stable predation rate (y: Psi) o m
The total predation capacity of a stable v = z z a,;cCy
population in which its total size is unity. x=0 j=1
Finite predation rate (w: omega) w=Ay
Ay describes the predation potential of a " Kxeix)
i inine i s | " |
predator population by cgmblnmg its growth | _ /12 Z a.c |
rate (4), age-stage predation rate (c,;), and AN
stable age-stage structure (a,,). =0 j=1
Biological Control (2013). |
Copyright 1997~2016 Hsin Chi 3/20/2016 Page 82 Copyright 1997~2016 Hsin Chi 3/20/2016 Page 84
Copyright 2016 Prof. Dr. Hsin Chi 8




Chapter 5

2016/3/20

Read SASD from life table folder
_10_SASD for CONSUME

Finite predation rate

E g e o s st A L= ]|

Age-stage speciic consumption rate

@”\:_:f. e .;..;;::.;“a o Eleliles - ;E-.A-' : - - -:—— ‘: a.:m-_ Finit predation rate ‘b * lé]
l‘.rl: | mecumenstoray : :"I:‘: Psi =89.7581337794597. Finite predation rate =97 4674983614816 EE_-
= il _ —
| videer Kx) Kxkix) Q| W Large | Aieam BorJromiln | Outpul fhes | References | Reuds | |
| 2o S s | | There will be an output file of finite predation rate:
e ame: |..|.-m.p.|...s._.n_i.\sr.-_n.um_lm_c9Nuu.lrjm;-.m_.n_ml..m; l— - - I *_0_0utput_Finite_Predation_Rate_omega.txt
- J Quit a5 .B..:.‘;.;; TAIWAN 0 .
Copyright 1997~2016 Hsin Chi 3/20/2016 Page 85 Copyright 1997~2016 Hsin Chi 3/20/2016 ;age 86
Critical thinking To avoid discrepancy and
inconsistency between life table
Do you have to collect the life and predation data, it will be better
table and consumption rate (or to study them in the same study.
predation rate) during the But, if it is impossible, you can
same experiment? collect them separately and handle
them properly.
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TWOSEX will write all bootstrap samples in the file
How to link C 0 and RO “ 11_Bootstrap samples for CONSUME..txt”
Life table data
BTo estimate the standard error of O, we O -®
need to use the same bootstrap samples "“““l""" 00 @ Per————
(100,000 bootstraps) used by TWOSEX. . 00 - @»n,,:_‘ : A
BTWOSEX keeps all bootstrap samples in 3 O @R, =
tC g 1\} SeUK/[E’T ootstrap samples for 99,99 @O _@*Roor - — . : _
100,000 @ - @» Ry 00000 =
A
SE
of R,
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Same bootstrap samples for SE of O,

Life table data Predation rate data

Bootstrap @ @ ®® @

L OQ@ ©*r, WO ®C,, 0,1 =Co /Ry
E .. m@"RO.: “’.. @ »C; 0,,=Coa /Ry
300 @k, WPOO @ [Cn=Cus/Re

C,
99999 @O .. @, OO . @6, s [orm

H]n‘onn Uk ‘Rl oo = *Cu (T ,C‘MUUUU
00045 OO @G 1 o _ G

SE SE
of R, of Cy
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Same bootstrap samples for SE of O,

Life table data Predation rate data C,

0O @ 00 @

00O, WOO B, B,
2 .. m@"ku-: “’.. @ »Cy LJ1> 0,

3 @@ m@*Rtn_J “*@@ @ *Co3 E\J> Qs

99,999 @ .. @R 05000 BPQE .. @ *Cy 00000 B O, 00000
100,000 ‘@ '"°’Rn_|im:muu*°® ° ’Cn_mmmul::> Qp.l(lflllm]
A 4 4 4

SE SE SE
of R, of C, of 0,
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Q)

Bootstrap

Age-Stage, Two-Sex

Consumplion Analysis

Cognright 1997 Msim Tl a1
Version: 2015.06.29 | Al |
Action. - -
Sep 1. [ | |
sl peskm | g” T 1 N ==
2a. Tiead SASD (i your e tabie fobder)| e 1 1 i ey
10 cabculale the e predation rate | | '[i ek
Stp b, Bootstrgp - ! L 4 4 — iy =
| Paired bootstrap test | | |

Select s figure 10 diplay
sop | i) | o | e | et |

| w0t | o] |||t || Menen || Bocdmembs | [Owpates | ‘Rebiesces | Rewts |

Bt they ' o the sk 't they Data format ==

Use the same bootstrap samples?

Age-Stage, Two-Sex
Consumplion Analysis

Bt they o e e skt 1 Bt they Data format ==

see the probdem. K. Chesteon TAZLE 10184 P see the probdem. K. Chesteon TS 101840 M
Note | ret Dr. toan cui Note | ret Dr. toan cui
Jackimife Bainchid dragon acha.eda i Jackimife Bsdnchi dragon ncha.edu i
S Lasoratery of PrR T Laboratary of
Print page Nationsl Chang Hulng University Print page Nationsl Chang Hulng University
PO Bax 1725 PO Bax 1725
Quit Taschung 40098, TAIWAN Quit Taschung 40098, TAIWAN
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Use the same bootstrap samples
File no. 11 Bootstrap samples (in life table folder)

i A5 s Ovmpemiir g CONSULM i ot

B 11 Bectutrng simphes e S008I e 21 WAL

0 11 Bectntrg-GAR. Nums-11C1 o gl
B 111 ottt M ey bt
I 511 Bectutrn-lambcs Mses 7303 for it

Bootstrap results

Age-Stage, Two-Sex

Life Table Analysis

il Version: 150635 i | :| ||| | :
Main procsdures i

L | Duta format | Chocktais | | | I -
i | e | ] | ,
| |l = | il -
ot astvrag oo (TOT ooy | ORTGM Y] AT -

| Lo o1 || i
]t | o | e | 5 FIET| ! -
28] o] mind | Comabioms] WAL | AREH|
|

i 75051 B g T e 2195 Road v S sl ¥ |
[Tep— |
Hote wel || prut o aia £ Hatripe.nin(hed e -i
lckiafe | uischisd dragen mchmsdurn Tatrimsic Fate i) = ]
= Laborstery of Threrrtical & |
Prim puge xu::l',hgllu.'lll oy Fimite rats = LiaTas
0. B 17-28 s
qui Talchumg S00M, TAIWAN s gou. time (1) = I ot i
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Q/n/
Bootstrap results .
a tstrap I¢ Three sources of joy
Age-St -
Consun Analysis 8 Rootsirap numtser = 40008, Rin <4703, Meas-t4009 Max /9110 S <3571 .
ooy | (- In the Four Books, Mencius (372-289 BC)
e AN NNNNNNT | NNANEANEAN says “the superior man has three causes of
o =TT T joy amongst which ruling the Empire has
- - - no place. When his father and mother are
¢ ms wpen ||| =l 1 {1 1IN | I I e . . .
= [ 1_Lalnll Rl | both alive and his brothers without trouble,
LR L L LR S UL LR L : . )
= e S b this is his first source of joy.
| P ot ey g e of akaess Diata format (e =
W procodes the deesmng of the day of mors. el A0S 104849 PR
P
Quit Tabchung 40058, TATWAN
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Three sources of joy

“When he can look up to heaven without
being ashamed, and down to men without
blushing, this is a second source of joy.
When he obtains men (Chi: and women) of
the best talent under heaven, in order to
teach and nourish them, this is a third
source of joy. (Translated by The Late Rev.

David Collie, 1828) _ ‘;';% . learned but did not apply or teach.”
o gl |
Y
N
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Sa'adi The Great (1210-12927)

Saadi Shirazi “Two kinds of people
did not gain from their efforts: One
who stored but did not eat, One who
learned but did not apply.”

' Chi: “Two kinds of people did not

¢ stored but did not eat, One who

Analysis of group-reared data with predation
rate using TWOSEX-MSChart

Age-stage survival number

Stage
0 1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 | 13 [ 14 [ 15|16 | 17 [ 18 [ 19 | 20 | 21

L 6 8999|843 ]2]1

3 11|25 |67 ]8|8]|7]|6|3]2

A |33 |3]3]3]0
tA 123|310

Age-specific total predation rate

Stage
0 1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 | 13 [ 14 [ 15|16 | 17 [ 18 [ 19 | 20 | 21

E

=
=
=
=
=
=

L 16 |28 [ 39 | 49 |55 | 68 |44 | 35 |22 | 10
» of{ofojojolololo]o]ofo]o
A 45 |80 [ 90 [ 83 [ 75 |42 |24 | 0

TA 62 |28 |46 | 22 |22 | 0
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Group-reared data with predation rate

N,Egg,Larva,Pupa,Unknown
Egg,0,5

10,10,10,4,2,1

-1
Larva,3,12

6,8,9,9,9,8,4,3,2,1
16,28,39,49,55,68,44,35,22,10
Pupa,6,17
1,1,2,5,6,7,8,8,7,6,3,2

-1
Female, 14,20
1,1,3,3,3,3,3
45,80,90,83,75,42,24
Male, 16,20
1,2,3,3,1
62,28,46,22,22
Female, 14,20
0,15,8,39,26,16,10

Age-stage total
predation rate

Age-stage total
fecundity
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Group-reared life table with predation rate

wio-Sex [ 7
o e Good afternoon!

=
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Sebext o fugure bu deuplay
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vin)| o) inil | Combima| SAD | SASD

v

Survival iy srge | Swrvbves sages | 350
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ot wepe. rate (Bh =

Are there predation data?

Good afternoon!
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Bnsrear by ) = Bnsrear by ) = »
Tiake s = Finike rate = [ e ey
Mo gon times (T} = Masn gon. times (T} = e
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Group-reared life table with predation rate

v

— TEN

hm | = =t
s = \ | — Lara
el | PR {1 03 - — Pupa
Select 2 figure tu dinpley | = Femaie
sind) | J | ma| | Fnl — Maie
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00} (v ] Jweh | Lemebe] S0 ] =
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Ecosystem study based on life tables

_and consumption rate
: J Predator‘:--_-_:
| life table /

= =

Predation
rate

Nt rope. rate (Ra) = @2 Wunc b dragen ik sde 1w
o ek g3 G | et ey
Fimite rate = Liwsaa x
Muin gen. time (T) = mss
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Tesekkiir ederim!
ol Sbyus
Eerat
AaUAMUATU
Dé&kuji
Danke!
iMuchas gracias!

Thank you!
SHFRB L) X
Wi
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