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Eftect of conditions

» all conditions affect population growth via contnugy
metabolic processes in ectotherms
» temperature, humidity, day length, pH, etc.

Lepidoglyphus sp.

Rate

n"




Umiversal effect of temperature

» temperature affects population growth of ectotherms

» physiological time — combination of time and tempaira

» rate of metabolism increases approx. by 2.5x feryit0°C

QlO — 25 0.18

» universal temperature depender o
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—_

0.08 -
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Linear model

» model is based on the assumption that developragnts a linear

function of temperaturé

» valid for the region of moderate temperatures (2%-2

» at low temperatures organisms die due to coldness

D .. development timélays) -
v .. rate of development 1/D
T . .. lower temperature limit

min *
- temperature at which

development rate = 0

0.03

0.025 -

0.02

0.015 -

Development rate

0.01

0.005 -

[¢)]

10 15 20 25 30 35

Temperature



ET.. effective temperature developmental temperature betwdesmdT, ;-
S.. sum of effective temperaturenumber of degree-days [°D] required to
complete development

.. does not depend on temperatul@*ET

T, andScan be estimated from the regression line ®fa + bT

Trnin - a+bT=0 == [T .= —%
' a
S: S=D(T-T_.)= D(T +Bj
D:l: 1 —> :T+% ) S:i
v a+bT a+bT b




» sum of effective temperatur®)([°D] is equal to area under
temperature curve restricted to the interval bebnw@erent
temperature®) andT,_,

» biofix .. the date when degree-days begin to be
accumulated

12

°D
10
'[ ¢ =ai— tmin

time, davs

Fg o Fr dm

S= Zn:T il
i=1




Non-linear models

» when development rate is a non-linear functioreaffierature
» ET.. developmental temperature betwden andT,, .,

» at high temperatures organisms die due to overiggati

T, -- Upper temperature threshold oo
- temperature at which oo o
development rate = 0 g . . .
GCJ 0.025 -
=
Q.  o02
o
G>-’ 0.015 - V'S
(¢b]
Q 001 ¢
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t'irn =3 dalys
» several different non-linear models (Briere, Lacétt.)

» allow to estimatd ..., T

max @aNd T (Optimum temperature)

min?
» easy to interpret for experiments with constantaerature

» Instead of using average day temperature, uselactua
temperature



Briere et al. (1999)

V_aXTX(T Tmln) \/Tmax_T

v .. rate of development (1)
T .. experimental temperature
Tin-- low temperature threshold

T

max-*-*

upper temperature threshold

a .. unknown parameter

Optimum temperature

opt

4T, +3T,, ++/16T2 +9T2 —16T T

min min © max
10

» parameters are estimated using non-linear regressio




Lactin et al. (1995)

Tn =T,

A _|_¢

(me_
v=e’ —-¢e

v .. rate of development
T .. experimental temperature
T.., 4, p, @.. unknown parameters

T...,andT .. can be estimated from the formula:

max

T -T
(me_m—)
0=¢e’" -e AT+

T,p: Can be estimated from the first derivative:

aV(-I-) :pe,OT _leme_TmA_T
oT A




