futurcrop

DECISION SUPPORT SYSTEM FOR INTEGRATED PEST MANAGEMENT

= FuturCrop

} Pest prevention
software




Index

The growing problem of pest control

Fundamentals

Smart agriculture for pest control: new times, new tools

User interface

Benefits for pest control

Bibliography



1. The growing problem of pest control

In order to control pests attacking crops, modern agriculture mostly uses pesticides,
but in an uncontrolled and unjustified way. Nowadays the repetitive use of
pesticides is bad for human health, compromises a sustainable development of
agriculture and increases the production costs of agricultural products.

Chemical treatments

Insecticide estimated costs in stone fruit




REPEATED AND INDISCRIMINATE USE OF PESTICIDES TO CHALLENGE
UNCERTAINTY AND CLIMATE CHANGE

2h

According to FAO, 40% of world agricultural production is lost due
to pests and diseases

Farmers and technicians perform unnecessary preventive treatments because of the
fear of losing their crops. However, despite the increasing use of pesticides in
modern agriculture, chemical insecticides lose effectiveness because of their
constant use, pests developing resistance to them. In fact, over the last 38 years,
436 new arthropods species have developed resistance to chemical insecticides.

FAQO repeatedly states that in order to solve pest control problems in
agriculture, there is a need to obtain more information, and apply more
effective treatments.

FORECASTING AND CONTROL
WARNING SYSTEMS



Thus, in order to take more efficient pest efficient actions, it is required those
actions to be based on well informed decisions, with all available data, obtained
through a DECISION SUPPORT SYSTEM FOR PEST CONTROL, like

futurcrop

2. Fundamentals
The Problem

How long does it take a peach twig
borer egg (Anarsia lineatella) to hatch?

5 days
10 days
11 days
All of the above

How long the egg takes to hatch
depends on temperature

CONCEPTS related




THE DEVELOPMENT OF CERTAIN ORGANISMS
IS RELATED TO TEMPERATURE

Phenology
The study of how organisms develop through stages over time.

Insects biological development does not occur on a calendar-day basis (as it could
be the case with warm-blooded animals, whose body temperatures rarely vary more
than a few degrees), but on a unit-of-heat scale (Grade-day). So:

e Upper and lower thresholds
e Below a certain temperature insects cannot develop

e Above a certain temperature insects development slows and
eventually stops

e Cumulative Degree Days: A simple method that uses heat units to record
physiological time.

e 1 Degree Day is a single degree day of temperature above an insects lower
temperature threshold maintained for 24 hours

METHODOLOGY TO DEVELOP PHENOLOGY MODELS
1. Each state of biological development is tested at different temperatures at the
laboratory.
2. The model is on field validated.
3. At constant temperatures, the development time of each biological phase is
recorded.
Its upper / lower threshold is determined
Finally, grade-days are calculated for each state of development

IS



Obliguebanded leafroller

Choristoneura rosaceana

If maintained the temperature at 56°C,
OBLR requires an average of
1.050 days to complete its life cycle

But, at different temperatures

0.030
Obliquebanded leafroller egg to adult

0.025
0.020

0.015 ¢+

0.010

0.000

With the algorithms developed, we can calculate

DDC=[(Tmax + Tmin)/2]-6.1

o 244DDC egg hatch of the summer generation
o 433 DDC 95% egg hatch

And this information is important, because at the third instar of the Obliquebanded
leafroller, larvae cause more damage to the fruit.



Bronze birch borer
Angrilus anxius

The number of DD required for a particular phenological event varies yearly,
depending on temperature /the weather. In Ohio, emergence of bronze birch borer
adults first occurred at

1997 475 DD
1998 519 DD
1999 654 DD
2000 559 DD
2001 526 DD

5 years
average

547 DD

The variation in weather/temperature results in differences of up to four weeks in the
dates on which these events occur from year to year. However, the order in which
the phenological events occurred remained quite consistent from year to year.
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Accumulation of DD

If we measure the rate of biological development, per unit of time, as a function of
temperature (accumulative dd), the resulting curve is sigmoid (sigmoid growth
pattern).

Upper
threshold

Temperature

Lower
threshold

: 24 hours } 24 hours |

e Red line: shows the temperature over 2 days

e Dash line: mark the upper and lower thresholds

e Yellow area: showing when the temperatures are in between
the upper and lower threshold, represents the accumulated DD

for each day.

AS THE TEMPERATURE INCREASES, MORE DD ACCUMULATE IN A



DAY AND LESS TIME IS REQUIRED TO DEVELOP, UNTIL THE UPPER
THRESHOLD IS REACHED.

DD Calculations

Comparison of DD Calculation Methods

eg. codling moth (Tlow=50, Tupper=88, method=s.sine, egg hatch=253 DD)

Single Sine

Double sine

Single triangle

Cutoff

Day's minimum
and maximum
temperatures to
produce a sine
curve over a
24-hour period,
and then
estimates
degree-days for
that day by
calculating the
area above the
threshold and

This method fits a sine
curve from the minimum
temperature of the day to
the maximum
temperature of the day
and then fits a separate
sine curve from the
maximum temperature of
the day to the minimum
temperature of the next
day. Degree-days for the
day are the sum of the

The method draws a
straight line between a
day's minimum
temperature and
maximum temperature,
assumes the next
day's minimum
temperature is the
same, and draws
another line to that
point, forming two
sides of a triangle. This
method assumes the

The cutoff
method
refers to
the manner
in which
the
degree-day
calculation
area will be
modified in
relation to
the upper
threshold

below the temperature curve is
degree-days for the two .
curve. symmetrical around
half-days. .
the maximum
temperature
253° 248° 237°

Single Sine Method
Entirely between both tresholds



Universality field test

To confirm the OBLR development time, an Obliquebanded leafroller model was
developed in New York. Field tests verified that the New York phenology model
could predict timing in California of the biological development of the OBLR.
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3. Smart agriculture for pest control: new times, new tools

The biological state of the pest can be used to predict its population dynamics or to
establish the threshold of economic damage.

Degree Days Tool for IPM

With a software for decision making such as FuturCrop, degree day accumulations are
used to predict important events in the life of an insect. Examples include egg
laying, egg hatch, scale crawler movement, or appearance of symptoms. These
biological events are in turn used to schedule particular activities such as scouting
and synchronizing insecticide sprays.

HOW the software works?



Daily register of 85,000 worldwide weather stations data
Artificial Intelligence techniques

Search Pattern Algorithms

The software associates 179 pests to all the crops they affect, considering if the pest is
present in the user’'s country, making identification easier with the information provided.
Also FuturCrop provides information about the time of monitoring, the species to be
sampled and the stage of development of the pest that can be seen in the field
(informing on its different behavior) The software also helps to make the decision of the
right moment of treatment: according to the type of insecticide (for example, contact
larvicide) or biological control. Treatments can be planned according to the estimated
development of the pest, up to 10 days in advance.

10-day prediction calculation algorithms for the development of the pest, and
record information from previous years

The software provides information according to the calculated moment of the pest
biological development.



3. IDENTIFICATION OF THE PEST

Information on all pests that affect the crop, including transboundary pests,
morphological data (size, colour, etc), according to the calculated moment of the
pest biological development.

4. BIOLOGICAL DEVELOPMENT OF PEST

It allows to distinguish the biological development of pests, such as larval instars,
also to determine the future population dynamics, or to establish the threshold of
economic damage.

5. PLANNING OF TREATMENTS

Knowing the moment of development of the pest, at the biological phase of the pest
development in which it is most vulnerable. Treat when treatments are optimal, do
not treat when calendar days, nor when fixed periods.

4. User Interface

Home  Discover Futurcrop  Blog Listof pestandcrops ~ Green areas  Contact

Email [—

rop Do not remember your passw
Free sign up

http://www.futurcrop.com



http://www.futurcrop.com

PEST INFORMATION

FuturCrop gives specific information -scouting (morphology, habits, etc), treatment,
and predators and parasitoids, depending on the specific stage development of the
pest. That information helps the user to take the most efficient decisions in order to
recognise the pest, in its different stages, when to best treat it, and what natural
enemies to use, in case decide to use biological control.

Common name

Vegetable Leafminer MONITORING RECOMMENDATIONS
Scientific name Pupation take place on the ground.
Liromyza sativae
v TREATMENT RECOMMENDATIONS
Last event !
L — Start 5th instart Larvae Start adults emergence
y = o from soil
£ A
:\ Itis a pest difficult to control. Chemical insecticides have eliminated many of their natural enemies.
{ - Methods such as spraying seeds with insecticide are not very efficient. Traps must be placed
A= - 4 between the plants, to catch the males, which are more mobile, but not above the plants. Freshly
) laid eggs are the most resistant state to treatments. The release of sterile males seems an efficient
First pupae method.

Biological control organisms

Parasitoids: Opius dissectus.

CALENDAR EVENTS

The software explains through icons the pest different stages (such as laying of
eggs, hatching, larvae -even its different instars- adult, pupae, etc) and the
calculated date of the event in a calendar. Also, the user can access the same
information concerning the last 4 years, to help him take well informed decisions on
scouting and treatment.



http://www.futurcrop.com

INTEGRAL THERMIC

FuturCrop record the integral thermic and the related events of the pest
development, in order to easily compare one year and another. In the mentioned
graphic the 10 days prediction period is clearly shown.

Trigo:
Pulg6n ruso del trigo - Diuraphis noxia
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WARNING EMAILS

FuturCrop maintains informed users on the present and future development of the pest
by sending them updated information, obtained through the calculation of the
phenological model and the meteorological data. In order to facilitate the access to the
information, the warning emails include information on the 10 days prediction.

d control

Pa
Asunto: Pests warning for your crops: 20-09-2019

futurcrop
BIOLOGICAL EVENTS OF PESTS

Futurrop e he conditions in the crops for the following biological events in the development of pests. You can make a 10-day forecast that
will help you to perform the treatments at the time of greatest vulnerability of pest.
You can register damage, captures and treatments with your smart phone to include these actions in the pest control report.

Field
Fernando - Aswam

crops
Tomato, Corn, Cotton

/5787 ol

A

Date
2019-09-18



Tomato fruitworm - }

Event
10% emergence

In the next 10 days the plague Tomato fruitworm in the crop Tomato can change from biological state to:
© 25% emergence in date 18-09-2019
© 50% emergence in date 20-09-2019
© 75% emergence in date 22-09-2019
© 95% emergence in date 25-09-2019
In the next 10 days the plague Tomato fruitworm in the crop Corn can change from biological state to:
© 25% emergence in date 18-09-2019
© 50% emergence in date 20-09-2019
© 75% emergence in date 22-09-2019
© 95% emergence in date 25-09-2019
In the next 10 days there will be no biological development for the rest of the pests

See alerts

Crops

Date
2019-09-18

Pathogen
Vegetable Leafminer -

Event
Start 3rd larvae instar

In the next 10 days the plague Liryomiza in the crop Strawberry can change from biological state to:
o Start 5th instart Larvae in date 21-09-2019
o First pupae in date 25-09-2019

In th e next 10 days there will be no biological development for the rest of the pests

See alerts
You have received this notification because you are subscribed to the FuturCrop Pest Prevention Software. If this information does not seem interesting
you can unsubscribe by sending a message to info@futurcrop.com Privacy policy | Terms and Conditions
If you want to stop recivig an specific alarm or eventually your crops have not been infested by the specific pest, you can indicate so at Account>
Setting alarms

Content of the website www.futurcrop.com is owned by Afuturis Technology Consulting SL and is protected by the Spanish and International laws of

copyright. The content of this site may be used as an information resource. Any other use, including reproduction, modification, distribution,
transmission, display or graphic representation of the content of this website is strictly prohibited.

ACTION RECORDS

LISTADO DE CAPTURAS REALIZADAS Y MONITOREO DE DANOS

Listado de capturas realizadas y monitoreo de dafios para el campo: Almeria - tomate anual

Capturas

Mosca Blanca (Trialeurodes vaporariorum) [l e e s

Fecha de la captura: 02/08/2016
Estado de la plaga: Huevos
Capturas: 34

Darios
-

é Liryomiza (Liriomyza sativae T T gl

Fecha de la captura: 2016-06-02

Presencia de dafios en: Hojas

Unidades infectadas: 23

% de superficie monitoreada: 8.7 % sobre el total(23)
% de p! ia de dafios p idos: 36.3 %

SCOUTING REGISTER



Cultives
Tomate
Fitopatégenos
Pulgones - Myzus persicae

Fecha de observacién

dd/mm/aaaa
1 No aparecio la plaga

Capturas Dafios

Superficie monitoreada (en hectareas)

Presencia de dafios en:
Hojas

Unidades infectadas Unidades muestreadas

Observaciones

Guardar | Cerrar

SCOUTING AND CAPTURES REGISTER
USING THE SMARTPONE

TRATAMIENTOS

Listado de tratamientos realizados para el campo: Almeria - tomate anual

Tratamientos fitosanitarios

Nombre del tratamiento: RAISAN-40
Fecha del tratamiento: 02/08/2016
Dosis utilizada: 10g por 1001

Nombre del tratamiento: LAINZUFRE 23
Fecha del tratamiento: 02/09/2016

Dosis utilizada: 300cc por 10 |

Tratamientos de Organismos de Control Biolégico

Nombre del tratamiento: Amblyseius degenerans
Fecha del tratamiento: 02/09/2016

Dosis utilizada: 4

Estadio del organismo: adultos

En: 34 Metro cuadrado

REGISTER OF TREATMENTS (CHEMICAL OR BIOLOGICAL)T




Cultivo
Tomate
Plaga
Pulgones - Myzus persicae

Fecha de tratamiento

dd/mm/aaaa

Productos fitosanitarios

Tratamiento usado

Cantidad

Unidades

%

Por

Tipo de dosis

Litros

Observaciones

Organismos de Control Biolégico

OCB Utilizado

Cantidad de OCB utilizado

Estado

Larvas

Lugar/momento

Arbusto

Nimero de unidades

TREATMENT REGISTER USING THE SMARTPHONE



5. User benefits

Highest level of control,
minimise pesticide applications,
preserve beneficial insects

§ o 0, IS
ENVIRONMENTAL LOWER COSTS CONTROL
SUSTAINABILITY OF TREATMENT OF RISKS

¢ The use of chemical Less treatments because ¢ The system sends
products is reduced. they are more efficient notices of changes in
¢ Reduction of chemical the development of
residues in food 40% CHEMICAL pests.
70% OCB, BIO e |t controls

transboundary pests.

DISSEASE: 0,03%
FALSE NEGATIVES

Ll

PREVENTION OF MULTI PLATFORM HISTORICAL RECORD
PEST RISKS OF DATA
¢ The software allowsto ¢ PC Carry out annual
know the future e Tablet, comparisons of incidence
development of the e Smartphone of pests, and generation
pest 10 days in of reports
advance.
¢ Allows to plan field USER FRIENDLY

monitoring and
treatments



6. Bibliography

e Angilletta MJ (2006) Estimating and comparing thermal performance curves.
Journal of Thermal Biology 31: 541- 545.
Crossref Web of Science®Google Scholar

e Archer T & Strong R (1975) Comparative studies on the biologies of six
species of Trogoderma: T. glabrum. Annals of the Entomological Society of
America 68: 105- 114.

Crossref Web of Science®Google Scholar

e Arrhenius S (1889) Uber die Reaktionsgeschwindigkeit bei der Inversion von
Rohrzucker durch Sduren. Zeitschrift flir physikalische Chemie 4: 226— 248.
Crossref Google Scholar

e Arrhenius S (1915) Quantitative Laws in Biological Chemistry. Bell, London,
UK.

Google Scholar

e Bachmetjew P (1900) Freezing of body fluids in insects. Zeitschrift fir
wissenschaftlichen Zoologie 67: 529- 550.

Google Scholar

e Bentz BJ, Logan JA & Amman GD (1991) Temperature-dependent
development of the mountain pine beetle (Coleoptera: Scolytidae) and
simulation of its phenology. Canadian Entomologist 123: 1083- 1094.
Crossref Web of Science®Google Scholar

e Bergant K & Trdan S (2006) How reliable are thermal constants for insect
development when estimated from laboratory experiments? Entomologia
Experimentalis et Applicata 120: 251- 256.

Wiley Online Library Web of Science®Google Scholar

e Block W, Baust J, Franks F, Johnston | & Bale J (1990) Cold tolerance of
insects and other arthropods [and discussion]. Philosophical Transactions of
the Royal Society of London B 326: 613- 633.

Crossref Web of Science®Google Scholar

e Briere J-F, Pracros P, Le Roux A-Y & Pierre J-S (1999) A novel rate model of
temperature-dependent development for arthropods. Environmental
Entomology 28: 22— 29.

Crossref Web of Science®Google Scholar

e Campbell A, Frazer B, Gilbert N, Gutierrez A & Mackauer M (1974)
Temperature requirements of some aphids and their parasites. Journal of
Animal Ecology 11: 431- 438.

Crossref Web of Science®Google Scholar


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.jtherbio.2006.06.002
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000241273900003
http://scholar.google.com/scholar_lookup?hl=en&volume=31&publication_year=2006&pages=541-545&journal=Journal+of+Thermal+Biology&author=MJ+Angilletta&title=Estimating+and+comparing+thermal+performance+curves
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Faesa%2F68.1.105
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1975V317800021
http://scholar.google.com/scholar_lookup?hl=en&volume=68&publication_year=1975&pages=105-114&journal=Annals+of+the+Entomological+Society+of+America&author=T+Archer&author=R+Strong&title=Comparative+studies+on+the+biologies+of+six+species+of+Trogoderma%3A+T.+glabrum
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1515%2Fzpch-1889-0116
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=1889&pages=226-248&journal=Zeitschrift+f%C3%BCr+physikalische+Chemie&author=S+Arrhenius&title=%C3%9Cber+die+Reaktionsgeschwindigkeit+bei+der+Inversion+von+Rohrzucker+durch+S%C3%A4uren
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1915&author=S+Arrhenius&title=Quantitative+Laws+in+Biological+Chemistry
http://scholar.google.com/scholar_lookup?hl=en&volume=67&publication_year=1900&pages=529-550&journal=Zeitschrift+f%C3%BCr+wissenschaftlichen+Zoologie&author=P+Bachmetjew&title=Freezing+of+body+fluids+in+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.4039%2FEnt1231083-5
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1991GN00600010
http://scholar.google.com/scholar_lookup?hl=en&volume=123&publication_year=1991&pages=1083-1094&journal=Canadian+Entomologist&author=BJ+Bentz&author=JA+Logan&author=GD+Amman&title=Temperature%E2%80%90dependent+development+of+the+mountain+pine+beetle+%28Coleoptera%3A+Scolytidae%29+and+simulation+of+its+phenology
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2006.00433.x
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000239693100011
http://scholar.google.com/scholar_lookup?hl=en&volume=120&publication_year=2006&pages=251-256&journal=Entomologia+Experimentalis+et+Applicata&author=K+Bergant&author=S+Trdan&title=How+reliable+are+thermal+constants+for+insect+development+when+estimated+from+laboratory+experiments%3F
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1098%2Frstb.1990.0035
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1990CN92100007
http://scholar.google.com/scholar_lookup?hl=en&volume=326&publication_year=1990&pages=613-633&journal=Philosophical+Transactions+of+the+Royal+Society+of+London+B&author=W+Block&author=J+Baust&author=F+Franks&author=I+Johnston&author=J+Bale&title=Cold+tolerance+of+insects+and+other+arthropods+%5Band+discussion%5D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F28.1.22
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000078856700004
http://scholar.google.com/scholar_lookup?hl=en&volume=28&publication_year=1999&pages=22-29&journal=Environmental+Entomology&author=J%E2%80%90F+Briere&author=P+Pracros&author=A%E2%80%90Y+Le+Roux&author=J%E2%80%90S+Pierre&title=A+novel+rate+model+of+temperature%E2%80%90dependent+development+for+arthropods
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.2307%2F2402197
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1974U030600004
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=1974&pages=431-438&journal=Journal+of+Animal+Ecology&author=A+Campbell&author=B+Frazer&author=N+Gilbert&author=A+Gutierrez&author=M+Mackauer&title=Temperature+requirements+of+some+aphids+and+their+parasites

Carmel Y, Kent R, Bar-Massada A, Blank L, Liberzon J et al. (2013) Trends in
ecological research during the last three decades — a systematic review.
PLoS ONE 8: €598183.

Crossref CAS PubMed Web of Science®Google Scholar

Champlain RA & Butler GD (1967) Temperature effects on development of the
egg and nymphal stages of Lygus hesperus (Hemiptera: Miridae). Annals of
the Entomological Society of America 60: 519- 521.

Crossref Web of Science®Google Scholar

Chen HS, Yang L, Haung LF, Wang WL, Hu Y et al. (2015) Temperature- and
relative humidity-dependent life history traits of Phenacoccus solenopsis
(Hemiptera: Pseudococcidae) on Hibiscus rosa-sinensis (Malvales:
Malvaceae). Environmental Entomology 44: 1230.

Crossref CAS PubMed Web of Science®Google Scholar

Chown SL (2001) Physiological variation in insects: hierarchical levels and
implications. Journal of Insect Physiology 47: 649- 660.

Crossref CAS PubMed Web of Science®Google Scholar

Chuine | & Régniére J (2017) Process-based models of phenology for plants
and animals. Annual Review of Ecology, Evolution, and Systematics 48: 159—
182.

Crossref Web of Science®Google Scholar

Cloudsley-Thompson J (1953) The significance of fluctuating temperatures
on the physiology and ecology of insects. Entomologist 86: 183—- 189.
Google Scholar

Colinet H, Sinclair BJ, Vernon P & Renault D (2015) Insects in fluctuating
thermal environments. Annual Review of Entomology 60: 123- 140.

Crossref CAS PubMed Web of Science®Google Scholar

Coll M & Wajnberg E (2017) Environmental Pest Management: Challenges for
Agronomists, Ecologists, Economists and Policymakers. John Wiley & Sons,
Chichester, UK.

Wiley Online Library Google Scholar

Couret J (2013) Meta-analysis of factors affecting ontogenetic development
rate in the Culex pipiens (Diptera: Culicidae) complex. Environmental
Entomology 42: 614- 626.

Crossref CAS PubMed Web of Science®Google Scholar

Couret J & Benedict MQ (2014) A meta-analysis of the factors influencing
development rate variation in Aedes aegypti (Diptera: Culicidae). BMC
Ecology 14: 3.

Crossref PubMed Web of Science®Google Scholar

Crespo-Pérez V, Dangles O, Régniere J & Chuine | (2013) Modeling
temperature-dependent survival with small datasets: insights from tropical


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1371%2Fjournal.pone.0059813
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADC%252BC3sXntFalt7w%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=23637740
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000318340400004
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2013&pages=e59813&journal=PLoS+ONE&author=Y+Carmel&author=R+Kent&author=A+Bar%E2%80%90Massada&author=L+Blank&author=J+Liberzon&title=Trends+in+ecological+research+during+the+last+three+decades+%E2%80%93+a+systematic+review
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Faesa%2F60.3.519
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A19679342600008
http://scholar.google.com/scholar_lookup?hl=en&volume=60&publication_year=1967&pages=519-521&journal=Annals+of+the+Entomological+Society+of+America&author=RA+Champlain&author=GD+Butler&title=Temperature+effects+on+development+of+the+egg+and+nymphal+stages+of+Lygus+hesperus+%28Hemiptera%3A+Miridae%29
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2Fnvv085
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ASTN%3A280%3ADC%252BC287mslyktQ%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=26314069
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000359668100033
http://scholar.google.com/scholar_lookup?hl=en&volume=44&publication_year=2015&pages=1230&journal=Environmental+Entomology&author=HS+Chen&author=L+Yang&author=LF+Haung&author=WL+Wang&author=Y+Hu&title=Temperature%E2%80%90+and+relative+humidity%E2%80%90dependent+life+history+traits+of+Phenacoccus+solenopsis+%28Hemiptera%3A+Pseudococcidae%29+on+Hibiscus+rosa%E2%80%90sinensis+%28Malvales%3A+Malvaceae%29
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2FS0022-1910%2800%2900163-3
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADC%252BD3MXjsFWgsLc%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=11356411
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000168947400001
http://scholar.google.com/scholar_lookup?hl=en&volume=47&publication_year=2001&pages=649-660&journal=Journal+of+Insect+Physiology&author=SL+Chown&title=Physiological+variation+in+insects%3A+hierarchical+levels+and+implications
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1146%2Fannurev-ecolsys-110316-022706
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000415250000008
http://scholar.google.com/scholar_lookup?hl=en&volume=48&publication_year=2017&pages=159-182&journal=Annual+Review+of+Ecology%2C+Evolution%2C+and+Systematics&author=I+Chuine&author=J+R%C3%A9gni%C3%A8re&title=Process%E2%80%90based+models+of+phenology+for+plants+and+animals
http://scholar.google.com/scholar_lookup?hl=en&volume=86&publication_year=1953&pages=183-189&journal=Entomologist&author=J+Cloudsley%E2%80%90Thompson&title=The+significance+of+fluctuating+temperatures+on+the+physiology+and+ecology+of+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1146%2Fannurev-ento-010814-021017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADC%252BC2MXjsVCrtbY%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=25341105
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000348560200008
http://scholar.google.com/scholar_lookup?hl=en&volume=60&publication_year=2015&pages=123-140&journal=Annual+Review+of+Entomology&author=H+Colinet&author=BJ+Sinclair&author=P+Vernon&author=D+Renault&title=Insects+in+fluctuating+thermal+environments
https://onlinelibrary.wiley.com/doi/10.1002/9781119255574
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2017&author=M+Coll&author=E+Wajnberg&title=Environmental+Pest+Management%3A+Challenges+for+Agronomists%2C+Ecologists%2C+Economists+and+Policymakers
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2FEN12248
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ASTN%3A280%3ADC%252BC3sfmtVOjtQ%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=23905724
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000322826300002
http://scholar.google.com/scholar_lookup?hl=en&volume=42&publication_year=2013&pages=614-626&journal=Environmental+Entomology&author=J+Couret&title=Meta%E2%80%90analysis+of+factors+affecting+ontogenetic+development+rate+in+the+Culex+pipiens+%28Diptera%3A+Culicidae%29+complex
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1186%2F1472-6785-14-3
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=24495345
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000334553500001
http://scholar.google.com/scholar_lookup?hl=en&volume=14&publication_year=2014&pages=3&journal=BMC+Ecology&author=J+Couret&author=MQ+Benedict&title=A+meta%E2%80%90analysis+of+the+factors+influencing+development+rate+variation+in+Aedes+aegypti+%28Diptera%3A+Culicidae%29

mountain agricultural pests. Bulletin of Entomological Research 103: 336—
343.

Crossref PubMed Web of Science®Google Scholar

Crespo-Pérez V, Régniere J, Chuine |, Rebaudo F & Dangles O (2015)
Changes in the distribution of multispecies pest assemblages affect levels of
crop damage in warming tropical Andes. Global Change Biology 21: 82— 96.
Wiley Online Library PubMed Web of Science®Google Scholar

Dallwitz R (1984) The influence of constant and fluctuating temperatures on
development rate and survival of pupae of the Australian sheep blowfly
Lucilia cuprina. Entomologia Experimentalis et Applicata 36: 89— 95.

Wiley Online Library Web of Science®Google Scholar

Damos P & Savopoulou-Soultani M (2012) Temperature-driven models for
insect development and vital thermal requirements. Psyche 2012: 123405.
Crossref Google Scholar

Davidson J (1944) On the relationship between temperature and rate of
development of insects at constant temperatures. Journal of Animal Ecology
13: 26— 38.

Crossref Web of Science®Google Scholar

Delatte H, Gimonneau G, Triboire A & Fontenille D (2009) Influence of
temperature on immature development, survival, longevity, fecundity, and
gonotrophic cycles of Aedes albopictus, vector of chikungunya and dengue
in the Indian Ocean. Journal of Medical Entomology 46: 33— 41.

Crossref CAS PubMed Web of Science®Google Scholar

Denlinger DL & Lee RE Jr (2010) Low Temperature Biology of Insects.
Cambridge University Press, Cambridge, UK.

Crossref Google Scholar

Denny M (2017) The fallacy of the average: on the ubiquity, utility and
continuing novelty of Jensen's inequality. Journal of Experimental Biology
220: 139- 146.

Crossref PubMed Web of Science®Google Scholar

Dixon AF, Honék A, Keil P, Kotela MAA, éizling AL & Jarosik V (2009)
Relationship between the minimum and maximum temperature thresholds for
development in insects. Functional Ecology 23: 257—- 264.

Wiley Online Library Web of Science®Google Scholar

Egwuatu R & Taylor TA (1977) The effects of constant and fluctuating
temperatures on the development of Acanthomia tomentosicollis Stal
(Hemiptera, Coreidae). Journal of Natural History 11: 601- 608.

Crossref Web of Science®Google Scholar


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1017%2FS0007485312000776
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=23448173
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000318434300011
http://scholar.google.com/scholar_lookup?hl=en&volume=103&publication_year=2013&pages=336-343&journal=Bulletin+of+Entomological+Research&author=V+Crespo%E2%80%90P%C3%A9rez&author=O+Dangles&author=J+R%C3%A9gni%C3%A8re&author=I+Chuine&title=Modeling+temperature%E2%80%90dependent+survival+with+small+datasets%3A+insights+from+tropical+mountain+agricultural+pests
https://onlinelibrary.wiley.com/doi/10.1111/gcb.12656
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=24920187
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000346698100010
http://scholar.google.com/scholar_lookup?hl=en&volume=21&publication_year=2015&pages=82-96&journal=Global+Change+Biology&author=V+Crespo%E2%80%90P%C3%A9rez&author=J+R%C3%A9gni%C3%A8re&author=I+Chuine&author=F+Rebaudo&author=O+Dangles&title=Changes+in+the+distribution+of+multispecies+pest+assemblages+affect+levels+of+crop+damage+in+warming+tropical+Andes
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.1984.tb03412.x
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1984TQ46800016
http://scholar.google.com/scholar_lookup?hl=en&volume=36&publication_year=1984&pages=89-95&journal=Entomologia+Experimentalis+et+Applicata&author=R+Dallwitz&title=The+influence+of+constant+and+fluctuating+temperatures+on+development+rate+and+survival+of+pupae+of+the+Australian+sheep+blowfly+Lucilia+cuprina
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1155%2F2012%2F123405
http://scholar.google.com/scholar_lookup?hl=en&volume=2012&publication_year=2012&pages=123405&journal=Psyche&author=P+Damos&author=M+Savopoulou%E2%80%90Soultani&title=Temperature%E2%80%90driven+models+for+insect+development+and+vital+thermal+requirements
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.2307%2F1326
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000201318400002
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=1944&pages=26-38&journal=Journal+of+Animal+Ecology&author=J+Davidson&title=On+the+relationship+between+temperature+and+rate+of+development+of+insects+at+constant+temperatures
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2F033.046.0105
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ASTN%3A280%3ADC%252BD1M7is1emtw%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=19198515
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000262388700005
http://scholar.google.com/scholar_lookup?hl=en&volume=46&publication_year=2009&pages=33-41&journal=Journal+of+Medical+Entomology&author=H+Delatte&author=G+Gimonneau&author=A+Triboire&author=D+Fontenille&title=Influence+of+temperature+on+immature+development%2C+survival%2C+longevity%2C+fecundity%2C+and+gonotrophic+cycles+of+Aedes+albopictus%2C+vector+of+chikungunya+and+dengue+in+the+Indian+Ocean
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1017%2FCBO9780511675997
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2010&author=DL+Denlinger&author=RE+Lee&title=Low+Temperature+Biology+of+Insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1242%2Fjeb.140368
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=28100801
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000392154200006
http://scholar.google.com/scholar_lookup?hl=en&volume=220&publication_year=2017&pages=139-146&journal=Journal+of+Experimental+Biology&author=M+Denny&title=The+fallacy+of+the+average%3A+on+the+ubiquity%2C+utility+and+continuing+novelty+of+Jensen%27s+inequality
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2435.2008.01489.x
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000264185500005
http://scholar.google.com/scholar_lookup?hl=en&volume=23&publication_year=2009&pages=257-264&journal=Functional+Ecology&author=AF+Dixon&author=A+Hon%C4%9Bk&author=P+Keil&author=MAA+Kotela&author=AL+%C5%A0izling&author=V+Jaro%C5%A1%C3%ADk&title=Relationship+between+the+minimum+and+maximum+temperature+thresholds+for+development+in+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1080%2F00222937700770531
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1977DZ91200002
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=1977&pages=601-608&journal=Journal+of+Natural+History&author=R+Egwuatu&author=TA+Taylor&title=The+effects+of+constant+and+fluctuating+temperatures+on+the+development+of+Acanthomia+tomentosicollis+St%C3%A5l+%28Hemiptera%2C+Coreidae%29

Eyring H & Stearn AE (1939) The application of the theory of absolute
reaction rates to proteins. Chemical Reviews 24: 253- 270.

Crossref CAS Web of Science®Google Scholar

Fand BB, Tonnang HEZ, Kumar M, Bal SK, Singh NP et al. (2014) Predicting
the impact of climate change on regional and seasonal abundance of the
mealybug Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae)
using temperature-driven phenology model linked to GIS. Ecological
Modelling 288: 62— 78.

Crossref Web of Science®Google Scholar

Faye E, Rebaudo F, Yanez-Cajo D, Cauvy-Fraunié S & Dangles O (2016) A
toolbox for studying thermal heterogeneity across spatial scales: from
unmanned aerial vehicle imagery to landscape metrics. Methods in Ecology
and Evolution 7: 437- 446.

Wiley Online Library Web of Science®Google Scholar

Faye E, Rebaudo F, Carpio C, Herrera M & Dangles O (2017) Does
heterogeneity in crop canopy microclimates matter for pests? Evidence from
aerial high-resolution thermography. Agriculture, Ecosystems & Environment
246: 124-133.

Crossref Web of Science®Google Scholar

Fye R, Patana R & McAda W (1969) Developmental periods for boll weevils
reared at several constant and fluctuating temperatures. Journal of Economic
Entomology 62: 1402—- 1405.

Crossref Web of Science®Google Scholar

Gilbert N & Raworth D (1996) Forum: insects and temperature — a general
theory. Canadian Entomologist 128: 1-13.

Crossref Web of Science®Google Scholar

Godfrey LD & Holtzer TO (1991) Influence of temperature and humidity on
European corn borer (Lepidoptera: Pyralidae) egg hatchability. Environmental
Entomology 20: 8- 14.

Crossref Web of Science®Google Scholar

Golizadeh A & Zalucki MP (2012) Estimating temperature-dependent
developmental rates of potato tuberworm, Phthorimaea operculella
(Lepidoptera: Gelechiidae). Insect Science 19: 609- 620.

Wiley Online Library Web of Science®Google Scholar

Greenspan SE, Morris W, Warburton R, Edwards L, Duffy R et al. (2016)
Low-cost fluctuating-temperature chamber for experimental ecology.
Methods in Ecology and Evolution 7: 1567—- 1574.

Wiley Online Library Web of Science®Google Scholar

Hilbert D & Logan J (1983) Empirical model of nymphal development for the
migratory grasshopper, Melanoplus sanguinipes (Orthoptera: Acrididae).


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1021%2Fcr60078a005
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaA1MXktVOhsg%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000187106400005
http://scholar.google.com/scholar_lookup?hl=en&volume=24&publication_year=1939&pages=253-270&journal=Chemical+Reviews&author=H+Eyring&author=AE+Stearn&title=The+application+of+the+theory+of+absolute+reaction+rates+to+proteins
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.ecolmodel.2014.05.018
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000340320500007
http://scholar.google.com/scholar_lookup?hl=en&volume=288&publication_year=2014&pages=62-78&journal=Ecological+Modelling&author=BB+Fand&author=HEZ+Tonnang&author=M+Kumar&author=SK+Bal&author=NP+Singh&title=Predicting+the+impact+of+climate+change+on+regional+and+seasonal+abundance+of+the+mealybug+Phenacoccus+solenopsis+Tinsley+%28Hemiptera%3A+Pseudococcidae%29+using+temperature%E2%80%90driven+phenology+model+linked+to+GIS
https://onlinelibrary.wiley.com/doi/10.1111/2041-210X.12488
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000373950700006
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2016&pages=437-446&journal=Methods+in+Ecology+and+Evolution&author=E+Faye&author=F+Rebaudo&author=D+Y%C3%A1nez%E2%80%90Cajo&author=S+Cauvy%E2%80%90Frauni%C3%A9&author=O+Dangles&title=A+toolbox+for+studying+thermal+heterogeneity+across+spatial+scales%3A+from+unmanned+aerial+vehicle+imagery+to+landscape+metrics
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.agee.2017.05.027
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000405973000015
http://scholar.google.com/scholar_lookup?hl=en&volume=246&publication_year=2017&pages=124-133&journal=Agriculture%2C+Ecosystems+%26+Environment&author=E+Faye&author=F+Rebaudo&author=C+Carpio&author=M+Herrera&author=O+Dangles&title=Does+heterogeneity+in+crop+canopy+microclimates+matter+for+pests%3F+Evidence+from+aerial+high%E2%80%90resolution+thermography
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fjee%2F62.6.1402
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1969E941000045
http://scholar.google.com/scholar_lookup?hl=en&volume=62&publication_year=1969&pages=1402-1405&journal=Journal+of+Economic+Entomology&author=R+Fye&author=R+Patana&author=W+McAda&title=Developmental+periods+for+boll+weevils+reared+at+several+constant+and+fluctuating+temperatures
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.4039%2FEnt1281-1
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1996UB35200001
http://scholar.google.com/scholar_lookup?hl=en&volume=128&publication_year=1996&pages=1-13&journal=Canadian+Entomologist&author=N+Gilbert&author=D+Raworth&title=Forum%3A+insects+and+temperature+%E2%80%93+a+general+theory
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F20.1.8
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1991EY04400002
http://scholar.google.com/scholar_lookup?hl=en&volume=20&publication_year=1991&pages=8-14&journal=Environmental+Entomology&author=LD+Godfrey&author=TO+Holtzer&title=Influence+of+temperature+and+humidity+on+European+corn+borer+%28Lepidoptera%3A+Pyralidae%29+egg+hatchability
https://onlinelibrary.wiley.com/doi/10.1111/j.1744-7917.2012.01503.x
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000308505000009
http://scholar.google.com/scholar_lookup?hl=en&volume=19&publication_year=2012&pages=609-620&journal=Insect+Science&author=A+Golizadeh&author=MP+Zalucki&title=Estimating+temperature%E2%80%90dependent+developmental+rates+of+potato+tuberworm%2C+Phthorimaea+operculella+%28Lepidoptera%3A+Gelechiidae%29
https://onlinelibrary.wiley.com/doi/10.1111/2041-210X.12619
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000390408700015
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2016&pages=1567-1574&journal=Methods+in+Ecology+and+Evolution&author=SE+Greenspan&author=W+Morris&author=R+Warburton&author=L+Edwards&author=R+Duffy&title=Low%E2%80%90cost+fluctuating%E2%80%90temperature+chamber+for+experimental+ecology

Environmental Entomology 12: 1- 5.

Crossref Web of Science®Google Scholar

van ‘t Hoff JH (1884) Etudes de Dynamique Chimique. Frederik Muller,
Amsterdam, The Netherlands.

Google Scholar

Howe R (1967) Temperature effects on embryonic development in insects.
Annual Review of Entomology 12: 15— 42.

Crossref CAS PubMed Web of Science®Google Scholar

Howell JF & Neven LG (2000) Physiological development time and zero
development temperature of the codling moth (Lepidoptera: Tortricidae).
Environmental Entomology 29: 766— 772.

Crossref Web of Science®Google Scholar

Ikemoto T (2005) Intrinsic optimum temperature for development of insects
and mites. Environmental Entomology 34: 1377—- 1387.

Crossref Web of Science®Google Scholar

Irlich UM, Terblanche JS, Blackburn TM & Chown SL (2009) Insect
rate-temperature relationships: environmental variation and the metabolic
theory of ecology. American Naturalist 174: 819- 835.

Crossref PubMed Web of Science®Google Scholar

Janisch E (1932) The influence of temperature on the life-history of insects.
Transactions of the Royal Entomological Society of London 80: 137- 168.
Wiley Online Library Google Scholar

Jarosik V, Honék A, Magarey RD & Skuhrovec J (2011) Developmental
database for phenology models: related insect and mite species have similar
thermal requirements. Journal of Economic Entomology 104: 1870- 1876.
Crossref PubMed Web of Science®Google Scholar

Jarosik V, Kenis M, Honék A, Skuhrovec J & PySek P (2015) Invasive insects
differ from non-invasive in their thermal requirements. PLoS ONE 10:
e0131072.

Crossref PubMed Web of Science®Google Scholar

Jones VP, Horton DR, Mills NJ, Unruh TR, Miliczky E et al. (2016) Using plant
volatile traps to develop phenology models for natural enemies: an example
using Chrysopa nigricornis (Burmeister) (Neuroptera: Chrysopidae). Biological
Control 102: 77— 84.

Crossref Web of Science®Google Scholar

de Jong G & van der Have TM (2008) Temperature dependence of
development rate, growth rate and size: from biophysics to adaptation.
Phenotypic Plasticity of Insects: Mechanisms and Consequences (ed. by D
Whitman & TN Ananthakrishnan), pp. 461- 526. Science Publishers, Enfield,


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F12.1.1
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1983QC26300001
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=1983&pages=1-5&journal=Environmental+Entomology&author=D+Hilbert&author=J+Logan&title=Empirical+model+of+nymphal+development+for+the+migratory+grasshopper%2C+Melanoplus+sanguinipes+%28Orthoptera%3A+Acrididae%29
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1884&author=JH+%E2%80%98t+Hoff&title=Etudes+de+Dynamique+Chimique
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1146%2Fannurev.en.12.010167.000311
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ASTN%3A280%3ADyaF2s3ht1ahtA%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=5340718
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A19678747500002
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=1967&pages=15-42&journal=Annual+Review+of+Entomology&author=R+Howe&title=Temperature+effects+on+embryonic+development+in+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2F0046-225X-29.4.766
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000089623500013
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=2000&pages=766-772&journal=Environmental+Entomology&author=JF+Howell&author=LG+Neven&title=Physiological+development+time+and+zero+development+temperature+of+the+codling+moth+%28Lepidoptera%3A+Tortricidae%29
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2F0046-225X-34.6.1377
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000234031400001
http://scholar.google.com/scholar_lookup?hl=en&volume=34&publication_year=2005&pages=1377-1387&journal=Environmental+Entomology&author=T+Ikemoto&title=Intrinsic+optimum+temperature+for+development+of+insects+and+mites
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1086%2F647904
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=19860549
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000271425900009
http://scholar.google.com/scholar_lookup?hl=en&volume=174&publication_year=2009&pages=819-835&journal=American+Naturalist&author=UM+Irlich&author=JS+Terblanche&author=TM+Blackburn&author=SL+Chown&title=Insect+rate%E2%80%90temperature+relationships%3A+environmental+variation+and+the+metabolic+theory+of+ecology
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2311.1932.tb03305.x
http://scholar.google.com/scholar_lookup?hl=en&volume=80&publication_year=1932&pages=137-168&journal=Transactions+of+the+Royal+Entomological+Society+of+London&author=E+Janisch&title=The+influence+of+temperature+on+the+life%E2%80%90history+of+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2FEC11247
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=22299347
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000298281700014
http://scholar.google.com/scholar_lookup?hl=en&volume=104&publication_year=2011&pages=1870-1876&journal=Journal+of+Economic+Entomology&author=V+Jaro%C5%A1%C3%ADk&author=A+Hon%C4%9Bk&author=RD+Magarey&author=J+Skuhrovec&title=Developmental+database+for+phenology+models%3A+related+insect+and+mite+species+have+similar+thermal+requirements
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1371%2Fjournal.pone.0131072
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=26090826
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000356835000167
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2015&pages=e0131072&journal=PLoS+ONE&author=V+Jaro%C5%A1%C3%ADk&author=M+Kenis&author=A+Hon%C4%9Bk&author=J+Skuhrovec&author=P+Py%C5%A1ek&title=Invasive+insects+differ+from+non%E2%80%90invasive+in+their+thermal+requirements
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.biocontrol.2014.12.012
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000383938200009
http://scholar.google.com/scholar_lookup?hl=en&volume=102&publication_year=2016&pages=77-84&journal=Biological+Control&author=VP+Jones&author=DR+Horton&author=NJ+Mills&author=TR+Unruh&author=E+Miliczky&title=Using+plant+volatile+traps+to+develop+phenology+models+for+natural+enemies%3A+an+example+using+Chrysopa+nigricornis+%28Burmeister%29+%28Neuroptera%3A+Chrysopidae%29

NH, USA.

Google Scholar

Kellermann V, Hoffmann AA, Kristensen TN, Moghadam NN & Loeschcke V
(2015) Experimental evolution under fluctuating thermal conditions does not
reproduce patterns of adaptive clinal differentiation in Drosophila
melanogaster. American Naturalist 186: 582— 593.

Crossref PubMed Web of Science®Google Scholar

Kontodimas DC, Eliopoulos PA, Stathas GJ & Economou LP (2004)
Comparative temperature-dependent development of Nephus includens
(Kirsch) and Nephus bisignatus (Boheman) (Coleoptera: Coccinellidae)
preying on Planococcus citri (Risso) (Homoptera: Pseudococcidae):
evaluation of a linear and various nonlinear models using specific criteria.
Environmental Entomology 33: 1-11.

Crossref Web of Science®Google Scholar

Koussoroplis A, Pincebourde S & Wacker A (2017) Understanding and
predicting physiological performance of organisms in fluctuating and
multifactorial environments. Ecological Monographs 87: 178-197.

Wiley Online Library Web of Science®Google Scholar

Kroschel J, Sporleder M, Tonnang HEZ, Juarez H, Carhuapoma P et al.
(2013) Predicting climate-change-caused changes in global temperature on
potato tuber moth Phthorimaea operculella (Zeller) distribution and
abundance using phenology modeling and GIS mapping. Agricultural and
Forest Meteorology 170: 228- 241.

Crossref Web of Science®Google Scholar

Kutcherov D, Saulich A, Lopatina E & Ryzhkova M (2015) Stable and variable
life-history responses to temperature and photoperiod in the beet webworm,
Loxostege sticticalis. Entomologia Experimentalis et Applicata 154: 228—- 241.
Wiley Online Library Web of Science®Google Scholar

Lactin DJ, Holliday N, Johnson D & Craigen R (1995) Improved rate model of
temperature-dependent development by arthropods. Environmental
Entomology 24: 68— 75.

Crossref Web of Science®Google Scholar

Lamb R (1992) Developmental rate of Acyrthosiphon pisum (Homoptera:
Aphididae) at low temperatures: implications for estimating rate parameters
for insects. Environmental Entomology 21: 10— 19.

Crossref Web of Science®Google Scholar

Lee RE & Denlinger DL (1991) Insects at Low Temperature. Chapman and
Hall, New York, NY, USA.

Crossref Google Scholar


http://scholar.google.com/scholar_lookup?hl=en&publication_year=2008&pages=461-526&author=G+Jong&author=TM+Have&title=Phenotypic+Plasticity+of+Insects%3A+Mechanisms+and+Consequences
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1086%2F683252
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=26655772
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000363928900005
http://scholar.google.com/scholar_lookup?hl=en&volume=186&publication_year=2015&pages=582-593&journal=American+Naturalist&author=V+Kellermann&author=AA+Hoffmann&author=TN+Kristensen&author=NN+Moghadam&author=V+Loeschcke&title=Experimental+evolution+under+fluctuating+thermal+conditions+does+not+reproduce+patterns+of+adaptive+clinal+differentiation+in+Drosophila+melanogaster
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2F0046-225X-33.1.1
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000189311200001
http://scholar.google.com/scholar_lookup?hl=en&volume=33&publication_year=2004&pages=1-11&journal=Environmental+Entomology&author=DC+Kontodimas&author=PA+Eliopoulos&author=GJ+Stathas&author=LP+Economou&title=Comparative+temperature%E2%80%90dependent+development+of+Nephus+includens+%28Kirsch%29+and+Nephus+bisignatus+%28Boheman%29+%28Coleoptera%3A+Coccinellidae%29+preying+on+Planococcus+citri+%28Risso%29+%28Homoptera%3A+Pseudococcidae%29%3A+evaluation+of+a+linear+and+various+nonlinear+models+using+specific+criteria
https://onlinelibrary.wiley.com/doi/10.1002/ecm.1247
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000400406300002
http://scholar.google.com/scholar_lookup?hl=en&volume=87&publication_year=2017&pages=178-197&journal=Ecological+Monographs&author=A+Koussoroplis&author=S+Pincebourde&author=A+Wacker&title=Understanding+and+predicting+physiological+performance+of+organisms+in+fluctuating+and+multifactorial+environments
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.agrformet.2012.06.017
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000315546700020
http://scholar.google.com/scholar_lookup?hl=en&volume=170&publication_year=2013&pages=228-241&journal=Agricultural+and+Forest+Meteorology&author=J+Kroschel&author=M+Sporleder&author=HEZ+Tonnang&author=H+Juarez&author=P+Carhuapoma&title=Predicting+climate%E2%80%90change%E2%80%90caused+changes+in+global+temperature+on+potato+tuber+moth+Phthorimaea+operculella+%28Zeller%29+distribution+and+abundance+using+phenology+modeling+and+GIS+mapping
https://onlinelibrary.wiley.com/doi/10.1111/eea.12274
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000349625800007
http://scholar.google.com/scholar_lookup?hl=en&volume=154&publication_year=2015&pages=228-241&journal=Entomologia+Experimentalis+et+Applicata&author=D+Kutcherov&author=A+Saulich&author=E+Lopatina&author=M+Ryzhkova&title=Stable+and+variable+life%E2%80%90history+responses+to+temperature+and+photoperiod+in+the+beet+webworm%2C+Loxostege+sticticalis
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F24.1.68
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1995QG51600011
http://scholar.google.com/scholar_lookup?hl=en&volume=24&publication_year=1995&pages=68-75&journal=Environmental+Entomology&author=DJ+Lactin&author=N+Holliday&author=D+Johnson&author=R+Craigen&title=Improved+rate+model+of+temperature%E2%80%90dependent+development+by+arthropods
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F21.1.10
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1992HD78000002
http://scholar.google.com/scholar_lookup?hl=en&volume=21&publication_year=1992&pages=10-19&journal=Environmental+Entomology&author=R+Lamb&title=Developmental+rate+of+Acyrthosiphon+pisum+%28Homoptera%3A+Aphididae%29+at+low+temperatures%3A+implications+for+estimating+rate+parameters+for+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1007%2F978-1-4757-0190-6_2
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1991&author=RE+Lee&author=DL+Denlinger&title=Insects+at+Low+Temperature

Logan JA, Wollkind DJ, Hoyt SC & Tanigoshi LK (1976) An analytic model for
description of temperature dependent rate phenomena in arthropods.
Environmental Entomology 5: 1133- 1140.

Crossref Web of Science®Google Scholar

Mirhosseini MA, Fathipour Y & Reddy GVP (2017) Arthropod development's
response to temperature: a review and new software for modeling. Annals of
the Entomological Society of America 110: 507- 520.

Crossref Web of Science®Google Scholar

Moore JL & Remais JV (2014) Developmental models for estimating
ecological responses to environmental variability: structural, parametric, and
experimental issues. Acta Biotheoretica 62: 69— 90.

Crossref PubMed Web of Science®Google Scholar

Mwalusepo S, Tonnang HEZ, Massawe ES, Okuku GO, Khadioli N et al.
(2015) Predicting the impact of temperature change on the future distribution
of maize stem borers and their natural enemies along East African mountain
gradients using phenology models. PLoS ONE 10: e0130427.

Crossref PubMed Web of Science®Google Scholar

Nietschke BS, Magarey RD, Borchert DM, Calvin DD & Jones E (2007) A
developmental database to support insect phenology models. Crop
Protection 26: 1444—1448.

Crossref Web of Science®Google Scholar

Payne NM (1929) Absolute humidity as a factor in insect cold hardiness with
a note on the effect of nutrition on cold hardiness. Annals of the
Entomological Society of America 22: 601- 620.

Crossref CAS Google Scholar

Pearl R & Reed LJ (1920) On the rate of growth of the population of the
United States since 1790 and its mathematical representation. Proceedings
of the National Academy of Sciences of the USA 6: 275- 288.

Crossref CAS PubMed Web of Science®Google Scholar

Prochnow O (1908) Die Abhé&ngigkeit der Entwicklungs- und
Reaktionsgeschwindigkeit bei Pflanzen und poikilothermen Tieren von der
Tempertur. Friedrich-Wilhelms-Universitat, Berlin, Germany.

Google Scholar

Quinn BK (2017) A critical review of the use and performance of different
function types for modeling temperature-dependent development of
arthropod larvae. Journal of Thermal Biology 63: 65— 77.

Crossref PubMed Web of Science®Google Scholar

R Core Team (2018) R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.
Google Scholar


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Fee%2F5.6.1133
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1976CP54400022
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=1976&pages=1133-1140&journal=Environmental+Entomology&author=JA+Logan&author=DJ+Wollkind&author=SC+Hoyt&author=LK+Tanigoshi&title=An+analytic+model+for+description+of+temperature+dependent+rate+phenomena+in+arthropods
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Faesa%2Fsax071
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000414410300001
http://scholar.google.com/scholar_lookup?hl=en&volume=110&publication_year=2017&pages=507-520&journal=Annals+of+the+Entomological+Society+of+America&author=MA+Mirhosseini&author=Y+Fathipour&author=GVP+Reddy&title=Arthropod+development%27s+response+to+temperature%3A+a+review+and+new+software+for+modeling
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1007%2Fs10441-014-9209-9
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=24443079
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000332954400005
http://scholar.google.com/scholar_lookup?hl=en&volume=62&publication_year=2014&pages=69-90&journal=Acta+Biotheoretica&author=JL+Moore&author=JV+Remais&title=Developmental+models+for+estimating+ecological+responses+to+environmental+variability%3A+structural%2C+parametric%2C+and+experimental+issues
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1371%2Fjournal.pone.0130427
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=26075605
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000356329900172
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2015&pages=e0130427&journal=PLoS+ONE&author=S+Mwalusepo&author=HEZ+Tonnang&author=ES+Massawe&author=GO+Okuku&author=N+Khadioli&title=Predicting+the+impact+of+temperature+change+on+the+future+distribution+of+maize+stem+borers+and+their+natural+enemies+along+East+African+mountain+gradients+using+phenology+models
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.cropro.2006.12.006
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000249744300014
http://scholar.google.com/scholar_lookup?hl=en&volume=26&publication_year=2007&pages=1444-1448&journal=Crop+Protection&author=BS+Nietschke&author=RD+Magarey&author=DM+Borchert&author=DD+Calvin&author=E+Jones&title=A+developmental+database+to+support+insect+phenology+models
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Faesa%2F22.4.601
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaA3cXhslehsw%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=1929&pages=601-620&journal=Annals+of+the+Entomological+Society+of+America&author=NM+Payne&title=Absolute+humidity+as+a+factor+in+insect+cold+hardiness+with+a+note+on+the+effect+of+nutrition+on+cold+hardiness
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1073%2Fpnas.6.6.275
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ASTN%3A280%3ADC%252BD28zhsFCltw%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=16576496
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000201969600066
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=1920&pages=275-288&journal=Proceedings+of+the+National+Academy+of+Sciences+of+the+USA&author=R+Pearl&author=LJ+Reed&title=On+the+rate+of+growth+of+the+population+of+the+United+States+since+1790+and+its+mathematical+representation
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1908&author=O+Prochnow&title=Die+Abh%C3%A4ngigkeit+der+Entwicklungs%E2%80%90+und+Reaktionsgeschwindigkeit+bei+Pflanzen+und+poikilothermen+Tieren+von+der+Tempertur
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.jtherbio.2016.11.013
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=28010817
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000392686200009
http://scholar.google.com/scholar_lookup?hl=en&volume=63&publication_year=2017&pages=65-77&journal=Journal+of+Thermal+Biology&author=BK+Quinn&title=A+critical+review+of+the+use+and+performance+of+different+function+types+for+modeling+temperature%E2%80%90dependent+development+of+arthropod+larvae
http://scholar.google.com/scholar?hl=en&q=+R+Core+Team+%282018%29+R%3A+A+Language+and+Environment+for+Statistical+Computing.+R+Foundation+for+Statistical+Computing%2C+Vienna%2C+Austria.

Rebaudo F & Struelens Q (2018) devRate: quantify relationship between
developmental rate and temperature in ectotherms, package version 0.1.6 R
CRAN. Available at: https://CRAN.R-project.org/package=devRate (accessed
on 25 January 2018).

Google Scholar

Rebaudo F, Faye E & Dangles O (2016) Microclimate data improve
predictions of insect abundance models based on calibrated spatiotemporal
temperatures. Frontiers in Physiology 7: 139.

Crossref PubMed Web of Science®Google Scholar

Rebaudo F, Struelens Q & Dangles O (2017) Modeling
temperature-dependent development rate and phenology in arthropods: the
devRate package for R. Methods in Ecology and Evolution 9: 1144—1150.
Wiley Online Library Web of Science®Google Scholar

Régniere J & Turgeon JJ (1989) Temperature-dependent development of
Zeiraphera canadensis and simulation of its phenology. Entomologia
Experimentalis et Applicata 50: 185- 193.

Wiley Online Library Web of Science®Google Scholar

Régniere J, Powell J, Bentz B & Nealis V (2012) Effects of temperature on
development, survival and reproduction of insects: experimental design, data
analysis and modeling. Journal of Insect Physiology 58: 634— 647 .

Crossref CAS PubMed Web of Science®Google Scholar

Régniere J, Bentz BJ, Powell JA & St-Amant R (2015) Individual-based
modeling: mountain pine beetle seasonal biology in response to climate.
Simulation Modeling of Forest Landscape Disturbances (ed. by AH Perera, BR
Sturtevant & LJ Buse), pp. 135- 164. Springer, Dordrecht, The Netherlands.
Crossref Google Scholar

Roy M, Brodeur J & Cloutier C (2002) Relationship between temperature and
developmental rate of Stethorus punctillum (Coleoptera: Coccinellidae) and
its prey Tetranychus mcdanieli (Acarina: Tetranychidae). Environmental
Entomology 31: 177-187.

Crossref PubMed Web of Science®Google Scholar

Sacharov N (1930) Studies in cold resistance of insects. Ecology 11: 505-
517.

Wiley Online Library CAS Web of Science®Google Scholar

Schoolfield R, Sharpe P & Magnuson C (1981) Non-linear regression of
biological temperature-dependent rate models based on absolute
reaction-rate theory. Journal of Theoretical Biology 88: 719- 731.

Crossref CAS PubMed Web of Science®Google Scholar

Schulte PM, Healy TM & Fangue NA (2011) Thermal performance curves,
phenotypic plasticity, and the time scales of temperature exposure.


https://cran.r-project.org/package=devRate
http://scholar.google.com/scholar?hl=en&q=Rebaudo+F+%26+Struelens+Q+%282018%29+devRate%3A+quantify+relationship+between+developmental+rate+and+temperature+in+ectotherms%2C+package+version+0.1.6+R+CRAN.+Available+at%3A+https%3A%2F%2FCRAN.R-project.org%2Fpackage%3DdevRate+%28accessed+on+25+January+2018%29.
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.3389%2Ffphys.2016.00139
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=27148077
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000374451300002
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2016&pages=139&journal=Frontiers+in+Physiology&author=F+Rebaudo&author=E+Faye&author=O+Dangles&title=Microclimate+data+improve+predictions+of+insect+abundance+models+based+on+calibrated+spatiotemporal+temperatures
https://onlinelibrary.wiley.com/doi/10.1111/2041-210X.12935
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000429421800031
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2017&pages=1144-1150&journal=Methods+in+Ecology+and+Evolution&author=F+Rebaudo&author=Q+Struelens&author=O+Dangles&title=Modeling+temperature%E2%80%90dependent+development+rate+and+phenology+in+arthropods%3A+the+devRate+package+for+R
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.1989.tb02387.x
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1989U349100009
http://scholar.google.com/scholar_lookup?hl=en&volume=50&publication_year=1989&pages=185-193&journal=Entomologia+Experimentalis+et+Applicata&author=J+R%C3%A9gni%C3%A8re&author=JJ+Turgeon&title=Temperature%E2%80%90dependent+development+of+Zeiraphera+canadensis+and+simulation+of+its+phenology
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2Fj.jinsphys.2012.01.010
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADC%252BC38XisFKhsrY%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=22310012
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000303619500006
http://scholar.google.com/scholar_lookup?hl=en&volume=58&publication_year=2012&pages=634-647&journal=Journal+of+Insect+Physiology&author=J+R%C3%A9gni%C3%A8re&author=J+Powell&author=B+Bentz&author=V+Nealis&title=Effects+of+temperature+on+development%2C+survival+and+reproduction+of+insects%3A+experimental+design%2C+data+analysis+and+modeling
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1007%2F978-3-319-19809-5_6
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2015&pages=135-164&author=J+R%C3%A9gni%C3%A8re&author=BJ+Bentz&author=JA+Powell&author=R+St%E2%80%90Amant&title=Simulation+Modeling+of+Forest+Landscape+Disturbances
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2F0046-225X-31.1.177
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=12078007
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000178325800024
http://scholar.google.com/scholar_lookup?hl=en&volume=31&publication_year=2002&pages=177-187&journal=Environmental+Entomology&author=M+Roy&author=J+Brodeur&author=C+Cloutier&title=Relationship+between+temperature+and+developmental+rate+of+Stethorus+punctillum+%28Coleoptera%3A+Coccinellidae%29+and+its+prey+Tetranychus+mcdanieli+%28Acarina%3A+Tetranychidae%29
https://onlinelibrary.wiley.com/doi/10.2307/1929215
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaA3cXjslOmtg%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000200209700040
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=1930&pages=505-517&journal=Ecology&author=N+Sacharov&title=Studies+in+cold+resistance+of+insects
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2F0022-5193%2881%2990246-0
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaL3MXhtlCmtb4%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=6790878
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1981LD43100006
http://scholar.google.com/scholar_lookup?hl=en&volume=88&publication_year=1981&pages=719-731&journal=Journal+of+Theoretical+Biology&author=R+Schoolfield&author=P+Sharpe&author=C+Magnuson&title=Non%E2%80%90linear+regression+of+biological+temperature%E2%80%90dependent+rate+models+based+on+absolute+reaction%E2%80%90rate+theory

Integrative and Comparative Biology 51: 691- 702.

Crossref PubMed Web of Science®Google Scholar

Sgro CM, Terblanche JS & Hoffmann AA (2016) What can plasticity contribute
to insect responses to climate change? Annual Review of Entomology 61:
433-451.

Crossref CAS PubMed Web of Science®Google Scholar

Sharpe PJ & DeMichele DW (1977) Reaction kinetics of poikilotherm
development. Journal of Theoretical Biology 64: 649- 670.

Crossref CAS PubMed Web of Science®Google Scholar

Shi P-J, Reddy GVP, Chen L & Ge F (2015) Comparison of thermal
performance equations in describing temperature-dependent developmental
rates of insects: () Empirical models. Annals of the Entomological Society of
America 109: 211-215.

Crossref Web of Science®Google Scholar

Sinclair BJ, Vernon P, Klok JC & Chown SL (2003) Insects at low
temperatures: an ecological perspective. Trends in Ecology & Evolution 18:
257- 262.

Crossref Web of Science®Google Scholar

Sinclair BJ, Williams CM & Terblanche JS (2012) Variation in thermal
performance among insect populations. Physiological and Biochemical
Zoology 85: 594- 606.

Crossref PubMed Web of Science®Google Scholar

Sinclair BJ, Marshall KE, Sewell MA, Levesque DL, Willett CS et al. (2016)
Can we predict ectotherm responses to climate change using thermal
performance curves and body temperatures? Ecology Letters 19: 1372-
1385.

Wiley Online Library PubMed Web of Science®Google Scholar

Stinner R, Gutierrez A & Butler G (1974) An algorithm for
temperature-dependent growth rate simulation. Canadian Entomologist 106:
519- 524.

Crossref Web of Science®Google Scholar

Taylor F (1981) Ecology and evolution of physiological time in insects.
American Naturalist 117: 1- 23.

Crossref Web of Science®Google Scholar

Tochen S, Woltz JM, Dalton DT, Lee JC, Wiman NG & Walton VM (2016)
Humidity affects populations of Drosophila suzukii (Diptera: Drosophilidae) in
blueberry. Journal of Applied Entomology 140: 47— 57.

Wiley Online Library Web of Science®Google Scholar

Tonnang E, Carhuapoma JH, Gonzales J, Sporleder M, Simon R & Kroschel J
(2013) ILCYM-Insect Life Cycle Modeling. A Software Package for Developing


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Ficb%2Ficr097
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=21841184
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000296101600005
http://scholar.google.com/scholar_lookup?hl=en&volume=51&publication_year=2011&pages=691-702&journal=Integrative+and+Comparative+Biology&author=PM+Schulte&author=TM+Healy&author=NA+Fangue&title=Thermal+performance+curves%2C+phenotypic+plasticity%2C+and+the+time+scales+of+temperature+exposure
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1146%2Fannurev-ento-010715-023859
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADC%252BC2MXitVWju73J
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=26667379
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000372413800024
http://scholar.google.com/scholar_lookup?hl=en&volume=61&publication_year=2016&pages=433-451&journal=Annual+Review+of+Entomology&author=CM+Sgr%C3%B2&author=JS+Terblanche&author=AA+Hoffmann&title=What+can+plasticity+contribute+to+insect+responses+to+climate+change%3F
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2F0022-5193%2877%2990265-X
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaE2sXhtlGgs7o%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=846210
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1977DC25100003
http://scholar.google.com/scholar_lookup?hl=en&volume=64&publication_year=1977&pages=649-670&journal=Journal+of+Theoretical+Biology&author=PJ+Sharpe&author=DW+DeMichele&title=Reaction+kinetics+of+poikilotherm+development
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1093%2Faesa%2Fsav121
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000371906100006
http://scholar.google.com/scholar_lookup?hl=en&volume=109&publication_year=2015&pages=211-215&journal=Annals+of+the+Entomological+Society+of+America&author=P%E2%80%90J+Shi&author=GVP+Reddy&author=L+Chen&author=F+Ge&title=Comparison+of+thermal+performance+equations+in+describing+temperature%E2%80%90dependent+developmental+rates+of+insects%3A+%28I%29+Empirical+models
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1016%2FS0169-5347%2803%2900014-4
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000183117100012
http://scholar.google.com/scholar_lookup?hl=en&volume=18&publication_year=2003&pages=257-262&journal=Trends+in+Ecology+%26+Evolution&author=BJ+Sinclair&author=P+Vernon&author=JC+Klok&author=SL+Chown&title=Insects+at+low+temperatures%3A+an+ecological+perspective
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1086%2F665388
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=23099457
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000310564700004
http://scholar.google.com/scholar_lookup?hl=en&volume=85&publication_year=2012&pages=594-606&journal=Physiological+and+Biochemical+Zoology&author=BJ+Sinclair&author=CM+Williams&author=JS+Terblanche&title=Variation+in+thermal+performance+among+insect+populations
https://onlinelibrary.wiley.com/doi/10.1111/ele.12686
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=27667778
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000386228300008
http://scholar.google.com/scholar_lookup?hl=en&volume=19&publication_year=2016&pages=1372-1385&journal=Ecology+Letters&author=BJ+Sinclair&author=KE+Marshall&author=MA+Sewell&author=DL+Levesque&author=CS+Willett&title=Can+we+predict+ectotherm+responses+to+climate+change+using+thermal+performance+curves+and+body+temperatures%3F
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.4039%2FEnt106519-5
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1974T478700010
http://scholar.google.com/scholar_lookup?hl=en&volume=106&publication_year=1974&pages=519-524&journal=Canadian+Entomologist&author=R+Stinner&author=A+Gutierrez&author=G+Butler&title=An+algorithm+for+temperature%E2%80%90dependent+growth+rate+simulation
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1086%2F283683
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=A1981LB22200001
http://scholar.google.com/scholar_lookup?hl=en&volume=117&publication_year=1981&pages=1-23&journal=American+Naturalist&author=F+Taylor&title=Ecology+and+evolution+of+physiological+time+in+insects
https://onlinelibrary.wiley.com/doi/10.1111/jen.12247
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000368144900006
http://scholar.google.com/scholar_lookup?hl=en&volume=140&publication_year=2016&pages=47-57&journal=Journal+of+Applied+Entomology&author=S+Tochen&author=JM+Woltz&author=DT+Dalton&author=JC+Lee&author=NG+Wiman&author=VM+Walton&title=Humidity+affects+populations+of+Drosophila+suzukii+%28Diptera%3A+Drosophilidae%29+in+blueberry

Temperature-Based Insect Phenology Models with Applications for Regional
and Global Analysis of Insect Population and Mapping. International Potato
Center (CIP), Lima, Peru.

Google Scholar

Uvarov BP (1931) Insects and climate. Ecological Entomology 79: 1- 232.
Wiley Online Library Google Scholar

Wang R, Lan Z & Ding Y (1982) Studies on mathematical models of the
relationship between insect development and temperature. Acta Ecologica
Sinica 2: 47- 57.

CAS Google Scholar

Zahiri B, Fathipour Y, Khanjani M, Moharramipour S & Zalucki M (2010)
Preimaginal development response to constant temperatures in Hypera
postica (Coleoptera: Curculionidae): picking the best model. Environmental
Entomology 39: 177—-189.

Crossref PubMed Web of Science®Google Scholar


http://scholar.google.com/scholar_lookup?hl=en&publication_year=2013&author=E+Tonnang&author=JH+Carhuapoma&author=J+Gonzales&author=M+Sporleder&author=R+Simon&author=J+Kroschel&title=ILCYM%E2%80%90Insect+Life+Cycle+Modeling.+A+Software+Package+for+Developing+Temperature%E2%80%90Based+Insect+Phenology+Models+with+Applications+for+Regional+and+Global+Analysis+of+Insect+Population+and+Mapping
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2311.1931.tb00696.x
http://scholar.google.com/scholar_lookup?hl=en&volume=79&publication_year=1931&pages=1-232&journal=Ecological+Entomology&author=BP+Uvarov&title=Insects+and+climate
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Feea.12693&key=1%3ACAS%3A528%3ADyaL38XkvFymsr8%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=1982&pages=47-57&journal=Acta+Ecologica+Sinica&author=R+Wang&author=Z+Lan&author=Y+Ding&title=Studies+on+mathematical+models+of+the+relationship+between+insect+development+and+temperature
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Feea.12693&key=10.1603%2FEN08239
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Feea.12693&key=20146855
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Feea.12693&key=000274498000021
http://scholar.google.com/scholar_lookup?hl=en&volume=39&publication_year=2010&pages=177-189&journal=Environmental+Entomology&author=B+Zahiri&author=Y+Fathipour&author=M+Khanjani&author=S+Moharramipour&author=M+Zalucki&title=Preimaginal+development+response+to+constant+temperatures+in+Hypera+postica+%28Coleoptera%3A+Curculionidae%29%3A+picking+the+best+model

