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Introduction
Forensic entomology involve the use of insects mainly fly 

larvae to estimate the post-mortem interval (PMI) based on 
the developmental rates and the succession ecology of specific 
insects that feed on carcasses. Since, insects are poikilothermic; 
their development is largely dependent on the ambient 
temperature [1-7]. There are two terms used by researchers 
to note the development of the insects which is “development 
rate” and “growth rate”. Others defined “development rate” as 
the reciprocal of the time required to complete the egg, larval, or 
pupal stages while the “growth rate” is the larva’s rate of relative 
weight increase [8]. The link between the insect development and 
the temperature was first reported by a French scientist named 
Reaumur in the eighteenth century [5]. However, the methods 
for using this understanding to predict insect development 
mostly dated from the 1950’s through to the present [5].

Since the fly development is a temperature-driven event and 
varies according to species, accurate developmental data are 
fundamental to medico-criminal estimates [2]. When modeling 
temperature dependent development in insects, researchers 
can use either time or rate. Though, most entomologists prefer 
to use rate because many of the developmental rate models is 
derived from biochemical and biophysical principals, which rely 
on rates. From reviewed literatures, there are various models of 
predicting insect development and affect of temperature on the 
development of insect have been published [3,4,9-22].

However, among those published literature, the degree 
day/hour approach is used widely because it requires minimal 
data for formulation, is easy to calculate and apply; often yields 
approximately correct values [9] and have been successful in 
practical application [18]. The insect development models in 
relation to temperature have been categorized into few basic 
approaches [23].

The oldest and most widely used model is the linear degree-
day model, a simple linear description of insect development 
in relation to temperature [3,23]. This degree-day approach is 
widely used to understand development time in plant sciences, 
pest management and ecology and is useful in understanding 
insect and plant phenology [16,24]. Though this approach has 
been widely accepted, the model do not consider the factor such 
as biochemical reaction in the process of insect development, 
photo period or genetic factor, and fluctuating temperatures 
[16]. In this model, the relationship between temperature and 
growth rate usually calculated as linear and one of the essential 
assumption in degree-day approach is that insect development 
is directly related to ambient temperature and time [16]. The 
model has the advantage of simplicity and allows estimation of 
the developmental threshold and the degree day requirement of 
insect species [3] also have been widely used with linearity is 
found in almost 300 species examined so far [8]. However, this 
model does not include nonlinearity at high and low temperatures 
and produces biased results at the lower and upper threshold 
limits [3]. In estimating the PMI, it is the degree-day approach 
frequently used by many scientists [5,25,26]. The linear model 
forms the basis to the well known thermal summation or degree 
day approach to timing prediction [23].

Degree days are defined as the number of degrees above 
a threshold temperature required for growth [18,23] and 
degree days per day are accumulated over the time it takes 
the particular life stage to complete development [23]. Hence, 
degree days or hours are the accumulated product of time and 
temperature between the developmental thresholds for each day 
[27]. Because this heat is accumulated as “thermal units”, it can 
be calibrated and described as “degree-day” or “degree-hours”, 
depending on the accuracy of temperature readings and time 
period involved [2]. Each development stage has its own total 
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development requirement and each species requires a defined 
number of degree days to complete its development. This fact 
helps us to predict the time when a certain developmental stage 
will be reached [27]. The duration of development is calculated 
by adding up the number of thermals units (degree-hours or 
degree-day) contributed at each temperature [9].

Some researchers called degree days as thermal units, or 
heat units or growing degree days [23]. In this approach, the 
assumption that field temperatures lie within the more linear 
portion of the development rate function suggests a linear model 
can be used for predictive purposes [18]. This model, which 
assumes a linear relationship between development rate and 
temperature, is often accurate for intermediate temperatures, 
though it yields considerable error when temperature conditions 
tend toward the extremes temperature [11,23] because 
developmental rate becomes curvilinear at both high and low 
extremes with increases or decreases in temperature [28].

The assumption in this models is, as the environmental 
temperature decreases, their rates of development slow and, 
if the temperature falls low enough, development will cease at 
their lower developmental threshold; as temperature increases, 
their rates of development increased up to a temperature 
optimum and they again decreased development at upper 
threshold temperature [9,29].

The second approach to predicting insect phonology 
in relation to temperature encompasses the many non 
linear mathematical description used to describe non linear 
development of insects [23]. Variety methods of non- linear have 
been found in literature [10,11,13,17,30]. Though researchers 
admitted that for most species the degree-day approach is 
acceptable if the development occurs within the intermediate 
temperature [10,13,16,22,24,31,32]. The focus in this second 
approach is to predict the insect development at the low and 
upper threshold limit.

Conclusion
Therefore, the estimation of PMI depends on choice of 

models preferred by the forensic entomologist. Furthermore, 
regardless of type of model chosen, the error related to each 
model must be explained accordingly to avoid confusion among 
the forensic entomologists in estimating PMI.

References
1.	 Denlinger DL (1978) The developmental response of flesh flies 

(Diptera: Sarcophagidae) to tropical seasons. Oecologia (Berl.) 35(1): 
105-107. 

2.	 Haskell NH, Hall RD, Cervenka VJ, Clark MA (1997) On the body: 
insect’s life stage presence and their postmortem artifacts. In: WD 
Haglund, MH Sorg (Eds.), Forensic taphonomy - the postmortem fate of 
human remains, CRC Press, Boca Raton, USA, pp. 415-441.

3.	 Briere JF, Pracros P, Le Roux AY, Pierre JS (1999) A novel rate model of 
temperature dependent development for arthropods. Environmental 
Entomology 28(1): 22-29. 

4.	 Honek A (1999) Constraints on thermal requirements for insect 
development. Entomological Science 2: 615-621. 

5.	 Higley LG, Haskell NH (2001) Insect development and forensic 
entomology. In: JH Byrd, JL Castner, (Eds.), Forensic entomology - the 
utility of arthropods in legal investigations, CRC Press. New York, USA, 
pp. 287-302.

6.	 Oliveira-Costa J, Mello-Patiu CAD (2004) Application of forensic 
entomology to estimate of the postmortem interval in homicide 
investigations by the Rio de Janeiro Police Department in Brazil. 
Aggrawal’s Internet Journal of Forensic Medicine and Toxicology 5: 
40-44. 

7.	 Gullan PJ, Cranston PS (2005) The insects- an outline of entomology 
(3rd edn), Blackwell Publishing Ltd. Malden, USA.

8.	 Gilbert N, Raworth DA (1996) Insect and temperature - a general 
theory. The Canadian Entomologist 128: 1-13. 

9.	 Wagner TL, Wu HI, Sharpe PJH, Schoolfield RM, Coulson RN (1984) 
Modeling insect development rates: a literature review and application 
of a biophysical model. Annals of the Entomological Society of America 
77(2): 208- 220.

10.	Kramer DA, Stinner RE, Hain FP (1991) Time versus rate in parameter 
estimation of nonlinear temperature dependent development models. 
Environmental Entomology 20(2): 484-488. 

11.	Stinner RE, Gutierrez AP, Butler GD (1974) An algorithm for 
temperature dependent growth rate simulation. The Canadian 
Entomologist 106: 519-524. 

12.	Aliniazee MT (1976) Thermal unit requirements for determining adult 
emergence of the western Cherry fruit fly (Diptera: Teptritidae) in the 
Willamette Valley of Oregon. Environmental Entomology 5(3): 397-
402. 

13.	Allen JC (1976) A modified sine wave method for calculating degree 
days. Environmental Entomology 5(3): 388-396. 

14.	Logan JA, Wollkind DJ, Hoyt SC, Tanigoshi LK (1976) An analytical 
model for description of temperature dependent rate phenomena in 
arthropods. Environmental Entomology 5(6): 1133-1140. 

15.	Pruess KP (1983) Day-degree methods for pest management. 
Environmental Entomology 12(3): 613-619. 

16.	Higley LG, Pedigo LP, Ostlie KR (1986) DEGDAY: a program for 
calculating degree-days and assumption behind the degree-day 
approach. Environmental Entomology 15(5): 999-1016. 

17.	Allen JC (1988) Averaging functions in a variable environment: a 
second-order approximation method. Environmental Entomology 
17(4): 621-625. 

18.	Worner SP (1992) Performance of phonological models under 
variable temperature regimes: consequences of the Kaufmann or rate 
summation effect. Environmental Entomology 21: 689-699. 

19.	Amoudi MA, Diab FM, Abou-Fannah SM (1994) Development rate and 
mortality of immature Parasarcophaga (Liopygia) ruficornis (Diptera: 
Sarcophagidae) at constant laboratory temperatures. Journal of 
Medical Entomology 31(1): 168-170. 

20.	Lactin DJ, Holliday NJ, Johnson DL, Craigen R (1995) Improved rate 
model of temperature-dependent development by arthropods. 
Environmental Entomology 24: 68-75. 

21.	Zuben CJV, Bassanezi RC, Reis SFD, Godoy AC, Zuben FJV (1996). 
Theoretical approaches to forensic entomology: I. mathematical model 
of post feeding larval dispersal. Journal of Applied Entomology 120: 
379-382. 

22.	Ikemoto T, Takai K (2000) A new linearized formula for the law of total 
effective temperature and the evaluation of line-fitting methods with 

http://dx.doi.org/10.19080/JFSCI.2017.04.555636
https://www.ncbi.nlm.nih.gov/pubmed/28309870
https://www.ncbi.nlm.nih.gov/pubmed/28309870
https://www.ncbi.nlm.nih.gov/pubmed/28309870
https://academic.oup.com/ee/article-abstract/28/1/22/501436/A-Novel-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/28/1/22/501436/A-Novel-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/28/1/22/501436/A-Novel-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
http://ci.nii.ac.jp/naid/110003374630
http://ci.nii.ac.jp/naid/110003374630
https://www.researchgate.net/publication/228720334_Application_of_forensic_entomology_to_estimate_the_postmortem_interval_PMI_in_homicide_investigations_by_the_Rio_de_Janeiro_Police_Department_in_Brazil
https://www.researchgate.net/publication/228720334_Application_of_forensic_entomology_to_estimate_the_postmortem_interval_PMI_in_homicide_investigations_by_the_Rio_de_Janeiro_Police_Department_in_Brazil
https://www.researchgate.net/publication/228720334_Application_of_forensic_entomology_to_estimate_the_postmortem_interval_PMI_in_homicide_investigations_by_the_Rio_de_Janeiro_Police_Department_in_Brazil
https://www.researchgate.net/publication/228720334_Application_of_forensic_entomology_to_estimate_the_postmortem_interval_PMI_in_homicide_investigations_by_the_Rio_de_Janeiro_Police_Department_in_Brazil
https://www.researchgate.net/publication/228720334_Application_of_forensic_entomology_to_estimate_the_postmortem_interval_PMI_in_homicide_investigations_by_the_Rio_de_Janeiro_Police_Department_in_Brazil
https://www.researchgate.net/publication/250370137_Insects_and_Temperature_A_General_Theory
https://www.researchgate.net/publication/250370137_Insects_and_Temperature_A_General_Theory
https://academic.oup.com/aesa/article-abstract/77/2/208/164625/Modeling-Insect-Development-Rates-a-Literature?redirectedFrom=PDF
https://academic.oup.com/aesa/article-abstract/77/2/208/164625/Modeling-Insect-Development-Rates-a-Literature?redirectedFrom=PDF
https://academic.oup.com/aesa/article-abstract/77/2/208/164625/Modeling-Insect-Development-Rates-a-Literature?redirectedFrom=PDF
https://academic.oup.com/aesa/article-abstract/77/2/208/164625/Modeling-Insect-Development-Rates-a-Literature?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/20/2/484/2480627/Time-Versus-Rate-in-Parameter-Estimation-of?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/20/2/484/2480627/Time-Versus-Rate-in-Parameter-Estimation-of?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/20/2/484/2480627/Time-Versus-Rate-in-Parameter-Estimation-of?redirectedFrom=PDF
https://www.cambridge.org/core/journals/canadian-entomologist/article/an-algorithm-for-temperaturedependent-growth-rate-simulation12/8A9D021F6D851B00A30F51F23DB99E6A
https://www.cambridge.org/core/journals/canadian-entomologist/article/an-algorithm-for-temperaturedependent-growth-rate-simulation12/8A9D021F6D851B00A30F51F23DB99E6A
https://www.cambridge.org/core/journals/canadian-entomologist/article/an-algorithm-for-temperaturedependent-growth-rate-simulation12/8A9D021F6D851B00A30F51F23DB99E6A
https://academic.oup.com/ee/article-abstract/5/3/397/2395593/Thermal-Unit-Requirements-for-Determining-Adult?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/5/3/397/2395593/Thermal-Unit-Requirements-for-Determining-Adult?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/5/3/397/2395593/Thermal-Unit-Requirements-for-Determining-Adult?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/5/3/397/2395593/Thermal-Unit-Requirements-for-Determining-Adult?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/5/3/388/2395585/A-Modified-Sine-Wave-Method-for-Calculating-Degree?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/5/3/388/2395585/A-Modified-Sine-Wave-Method-for-Calculating-Degree?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/12/3/613/411340/Day-Degree-Methods-for-Pest-Management1?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/12/3/613/411340/Day-Degree-Methods-for-Pest-Management1?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/15/5/999/467840/Degday-A-Program-for-Calculating-Degree-days-and?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/15/5/999/467840/Degday-A-Program-for-Calculating-Degree-days-and?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/15/5/999/467840/Degday-A-Program-for-Calculating-Degree-days-and?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/17/4/621/2962243/Averaging-Functions-in-a-Variable-Environment-A?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/17/4/621/2962243/Averaging-Functions-in-a-Variable-Environment-A?redirectedFrom=fulltext
https://academic.oup.com/ee/article-abstract/17/4/621/2962243/Averaging-Functions-in-a-Variable-Environment-A?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/8158620
https://www.ncbi.nlm.nih.gov/pubmed/8158620
https://www.ncbi.nlm.nih.gov/pubmed/8158620
https://www.ncbi.nlm.nih.gov/pubmed/8158620
https://academic.oup.com/ee/article-abstract/24/1/68/2394752/Improved-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/24/1/68/2394752/Improved-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
https://academic.oup.com/ee/article-abstract/24/1/68/2394752/Improved-Rate-Model-of-Temperature-Dependent?redirectedFrom=PDF
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.1996.tb01623.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.1996.tb01623.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.1996.tb01623.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.1996.tb01623.x/abstract
https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/ee/29/4/10.1603_0046-225X-29.4.671/1/ee29-0671.pdf?Expires=1502276712&Signature=RX4hxWbxZUEtjLAviBH1rTR5fIWkpvuDXn6urpRYr-kXZayO24ie6SH7O2Eeliupcjd-lO0edPLbwYG8GRyfdNWVrjlAsw4K4FKHSWUsc7As
https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/ee/29/4/10.1603_0046-225X-29.4.671/1/ee29-0671.pdf?Expires=1502276712&Signature=RX4hxWbxZUEtjLAviBH1rTR5fIWkpvuDXn6urpRYr-kXZayO24ie6SH7O2Eeliupcjd-lO0edPLbwYG8GRyfdNWVrjlAsw4K4FKHSWUsc7As


How to cite this article: Kumara T K, Abu H A, Bhupinder S. Forensic Entomology - Insect Development and Temperature. J Forensic Sci & Criminal Inves. 
2017; 4(2): 555636. DOI: 10.19080/JFSCI.2017.04.555636.003

Journal of Forensic Sciences & Criminal Investigation

both variables subject to error. Environmental Entomology 29: 671-
682. 

23.	Worner SP (2008) Forensic entomology. In JL Capinera (Eds.), 
Encyclopedia of entomology (2nd edn). Springer Science+ Business 
Media B.V, USA, pp. 476-478.

24.	Charnov EL, Gillooly JF (2003) Thermal time: body size, food quality 
and the 10 ºC rule. Evolutionary Ecology Research 5: 43-51. 

25.	Catts EP, Haskell NH (1990) Entomology and death: a procedural 
guide, Joyce’s Print Shop. Clemson, USA.

26.	Gennard DE (2007) Forensic entomology- an introduction, John Wiley 
& Sons Ltd. Chichester, United Kingdom.

27.	Amendt J, Krettek R, Zehner R (2004) Forensic entomology. 
Naturwissens chaften 91: 51-65. 

28.	Nabity PD, Higley LG, Heng-Moss TM (2006) Effects of temperature 
on development of Phormiaregina (Diptera: Calliphoridae) and use 
of developmental data in determining time intervals in forensic 
entomology. Journal of Medical Entomology 43(6): 1276-1286. 

29.	Trudgill DL, Honek A, Straalen NMV (2005) Thermal time - concepts 
and utility. Annals of Applied Biology 146: 1-14. 

30.	Harcourt DG, Yee JM (1982) Polynomial algorithm for predicting the 
duration of insect life stages. Environmental Entomology 11: 581-584. 

31.	Gilbert N, Raworth DA (1998) Insect and temperature - further 
evidence. The Canadian Entomologist 130(1): 115-117. 

32.	Lamb RJ (1998) Insect and temperature- some comments on a general 
theory. The Canadian Entomologist 130: 111-114. 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                   Track the below URL for one-step submission 
          https://juniperpublishers.com/online-submission.

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JFSCI.2017.04.555636

http://dx.doi.org/10.19080/JFSCI.2017.04.555636
https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/ee/29/4/10.1603_0046-225X-29.4.671/1/ee29-0671.pdf?Expires=1502276712&Signature=RX4hxWbxZUEtjLAviBH1rTR5fIWkpvuDXn6urpRYr-kXZayO24ie6SH7O2Eeliupcjd-lO0edPLbwYG8GRyfdNWVrjlAsw4K4FKHSWUsc7As
https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/ee/29/4/10.1603_0046-225X-29.4.671/1/ee29-0671.pdf?Expires=1502276712&Signature=RX4hxWbxZUEtjLAviBH1rTR5fIWkpvuDXn6urpRYr-kXZayO24ie6SH7O2Eeliupcjd-lO0edPLbwYG8GRyfdNWVrjlAsw4K4FKHSWUsc7As
http://www.evolutionary-ecology.com/abstracts/v05/1452.html
http://www.evolutionary-ecology.com/abstracts/v05/1452.html
http://www.forensic-entomology.com/
http://www.forensic-entomology.com/
https://www.ncbi.nlm.nih.gov/pubmed/17162964
https://www.ncbi.nlm.nih.gov/pubmed/17162964
https://www.ncbi.nlm.nih.gov/pubmed/17162964
https://www.ncbi.nlm.nih.gov/pubmed/17162964
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2005.04088.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2005.04088.x/abstract
https://www.researchgate.net/publication/233596551_Polynomial_Algorithm_for_Predicting_the_Duration_of_Insect_Life_Stages
https://www.researchgate.net/publication/233596551_Polynomial_Algorithm_for_Predicting_the_Duration_of_Insect_Life_Stages
http://agris.fao.org/agris-search/search.do?recordID=US201302879123
http://agris.fao.org/agris-search/search.do?recordID=US201302879123
https://juniperpublishers.com/online-submission.
http://dx.doi.org/10.19080/JFSCI.2017.04.555636

	Title
	Introduction
	Conclusion
	References

