492

in the United States: A path forward. National Academies
Press, Washington, DC.

Nuiiez-Viazquez, C., ]. K. Tomberlin, M. Canti-Sifuentes, and
0. Garcia-Martinez. 2013. Laboratory development and
field validation of Phormia regina (Diptera: Calliphori-
dae). J. Med. Entomol. 50: 252-260.

Richards, C. S., and M. H. Villet. 2009. Data quality in ther-
mal summation development models for forensically im-
portant blowflies. Med. Vet. Entomol. 23: 269-276.

Rivers, D. B.,and G. A. Dahlem. 2014. Postmortem interval,
pp. 215-236. In The science of forensic entomology. Wi-
ley-Blackwell, Chichester, West Sussex, United Kingdom.

Scala, J. R., and J. R. Wallace. 2010. Forensic meteorology:
the application of weather and climate, pp. 519-538. In
J. H. Byrd and J. L. Castner (eds.) Forensic entomology:
The utility of arthropods in legal investigations, 2nd ed.
CRC, Boca Raton, FL.

Schoenly, K. G., N. H. Haskell, R. D. Hall, and J. R. Gbur.
2007. Comparative performance and complementarity of
four sampling methods and arthropod preference tests
from human and porcine remains at the forensic Anthro-
pology Center in Knoxville, Tennessee. J. Med. Entomol.
44: 881-894.

Tarone, A. M., and D. R. Foran. 2006. Components of de-
velopmental plasticity in a Michigan population of Lucilia
sericata (Diptera: Calliphoridae). J. Med. Entomol. 43:
1023-1033.

Tarone, A. M., and D. R. Foran. 2008. Generalized additive
models and Lucilia sericata growth: Assessing confidence
intervals and error rates in forensic entomology. J. Fo-
rensic Sci. 53: 942-948.

Tarone, A. M., and D. R. Foran. 2011. Gene expression dur-
ing blow fly development: Improving the precision of age
estimates in forensic entomology. J. Forensic Sci. 56:
S112-S122.

Tarone, A. M., C. J. Picard, C. Spiegelman, and D. R. Foran.
2011. Population and temperature effects on Lucilia seri-
cata (Diptera: Calliphoridae) body size and minimum
development time. J. Med. Entomol. 48: 1062-1068.

Tomberlin, J. K., M. E. Benbow, A. M. Tarone, and R. Mohr.
2011a. Basic research in evolution and ecology enhances
forensics. Trends Ecol. Evol. 26: 53-55.

Tomberlin, J. K., R. Mohr, M. E. Benbow, A. M. Tarone, and
S. L. VanLaerhoven. 2011b. A roadmap for bridging ba-

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 51, no. 3

sic and applied research in forensic entomology. Annu.
Rev. Entomol. 56: 401-421.

VanLaerhoven, S. L. 2008. Blind validation of postmortem
interval estimates using developmental rates of blow flies.
Forensic Sci. Int. 180: 76-80.

Villet, M. H., and J. Amendt. 2011. Advances in entomolog-
ical methods for death time estimation, 6: 213-237. In E.E.
Turk (ed.), Forensic pathology reviews. Humana Press,
New York, NY.

Wells, J. D., and L. R. Lamotte. 2010. Estimating the post-
mortem interval, pp. 367-388. In J. H. Byrd and J. L.
Castner (eds.), Forensic entomology: The utility of ar-
thropods in legal investigations, 2nd ed. CRC, Boca Ra-
ton, FL.

Aaron M. Tarone

Jeffery K. Tomberlin

J. Spencer Johnston
Department of Entomology
Texas A&M University
College Station, TX 77843

John R. Wallace
Department of Biology
Millersville University
Millersville, PA 17551

M. Eric Benbow
Department of Entomology
Michigan State University
East Lansing, MI 48824

Rachel Mohr

Forensic & Investigative Science
Program

West Virginia University

Morgantown, WV 26505

Edward B. Mondor
Department of Biology
Georgia Southern University
Statesboro, GA 30460

Sherah L. Vanlaerhoven
Department of Biology
University of Windsor
Windsor, ON N9B 3P4, Canada

J. Med. Entomol. 51(3): 492-494 (2014)

RepLY: Commentary on Letter to the Editor From
Jeffrey Wells

We appreciate the opportunity to respond to Dr.
Wells’ letter, although it appears that he does not take
issue with our work (indeed Dr. Wells is a coauthor on
Campobasso et al. [2005]). However, as forensic pa-
thologists, we would like to express our point of view
on the definitions of terms like postcolonization in-
terval (PCI) and period of insect activity (PIA) con-
cerning the estimation of postmortem interval (PMI)
based on the entomological evidence.

The letter to the Editor by Dr. Wells follows a
previous oral presentation the same author gave in
Coimbra at the last annual European Association for
Forensic Entomology (EAFE) meeting in April 2013
(http:/ / www.eafe.org/Meeting_Coimbra.htm). Dr.
Wells raises several criticisms to the practical impli-
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cations of PCI and PIA as defined by Tomberlin et al.
(2011) to guide basic research. In this regard, we agree
with his final suggestion that no forensic entomologist
should use those definitions unless she or he has fully
explained, in the report, the exact meaning.
Although Campobasso et al. (2005) did not provide
an explicit definition for PIA, the way in which those
authors used the terms makes it clear that the phrase
corresponded to the age of the oldest larva collected
from the corpse. It was, therefore, a development-
based minimum PMI (PMImin), which refers to an
event that occurred after the onset of decomposition.
Seen in that light, some previous publications also used
the term PIA (Catts and Goff 1992, Goff 1993, Green-
berg 2001) without providing an explicit definition but
with the implicit meaning of duration or interval after
colonization. In this regard, a protocol document for
best practice in forensic entomology (Amendt et al.
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2007) warned experts that PIA is not the actual time
of death and does not always correspond to PMI The
risk of controversial and unclear terminology used in
forensic entomology was explicitly discussed by Villet
and Amendt (2011). Those authors realized and illus-
trated with diagrams the wide and variable lags be-
tween death, the first arrival of insects, and oviposi-
tion, depending on the circumstances surrounding the
death (Villet and Amendt 2011). It is quite evident that
a large variation in the definitions of terms and inter-
vals can easily add confusion in forensic practice and
research.

The need for standardization and harmonization is
mandatory to establish minimum standards and a com-
mon language to practice and research. In fact, almost
all areas of science have problems when technical
phrases are used incorrectly and, for this reason, sev-
eral terms are periodically reviewed by the scientific
community. The estimation of PMImin by the forensic
entomologist has to be accomplished in a reliable and
defensible method, in respect of all different disci-
plines and competences involved in a death investi-
gation. In most medico-legal jurisdictions, the forensic
pathologist has the legal authority to take charge of the
dead body and he or she is usually responsible for
determining the cause, manner, and time of the sus-
picious death (Campobasso and Introna 2001). Pa-
thologists commonly determine the time since death
based on a qualitative process like postmortem
changes, which is still the gold standard method in
every death investigation (Saukko and Knight 2004,
Henssge and Madea 2007). When insects are associ-
ated with the body, the entomological method can
introduce some more quantitative information to es-
timate the PMImin based on the duration of insect
development (Amendt et al. 2007, 2011; Villet and
Amendt 2011).

However, PMI estimations from insect evidence
must include considerations of a number of factors
affecting decomposition as well as insect colonization
and development (Campobasso et al. 2001, Villet et al.
2010). Critical questions are:

When are flies active?

When did the first insects arrive on the body?
When did they lay eggs or larvae?

What were the weather conditions?

The answers to such questions require the identi-
fication of the species and the reconstruction of its
thermal history according to the environmental tem-
peratures. But this is not always enough for the PMI
estimation when a close interaction with the forensic
pathologist is missing. The reliability of PMI calcula-
tions can easily fail without information on the site of
recovery and stage of decomposition. According with
the conceptual framework proposed by Tomberlin et
al. (2011), we should also expect an additional ques-
tion:

When the first blow fly detected the odor of the
corpse?
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Well, even with more information on the accessi-
bility of flies to the corpse (from complete exposure
to complete protection) no reliable answer or calcu-
lation can be provided. Such an estimate of PMI can
be easily challenged as a mere speculation during a
cross-examination (as already illustrated by Hall 2001)
because of the previous questionable assumptions, al-
though based on scientific principles and experimen-
tal developmental data. One should provide testimony
only within one’s own area of expertise (pathologists
with human bodies and entomologists with insects)
and be certain not to extend opinions past the limits
of the available evidence.

The misuse of technical terms like PIA or PCI can
certainly raise further misunderstanding and wrong
interpretation of the insect evidence in forensic prac-
tice as well as for basic and applied research. Forensic
entomology is an applied science based on defensible
scientific principles, on results of laboratory experi-
ments and field observations, and therefore it can be
very useful in giving an indication of what likely time
frame data derived need to be considered. But, ac-
cording to Dr. Wells, PIA and PCI as well as every
other acronym indicating an interval need well-estab-
lished and accepted definitions. Every forensic ento-
mologist has to express his estimates with caution,
explaining the methods used for calculating them and
bearing in mind the false perception of accuracy each
model can give (Catts and Goff 1992, Greenberg
2001). Anything dealing with the living systems (hu-
man body as well as insects) isnot absolute and precise
science, and every retrospective estimation can be
questionable. “Follow the evidence and remain totally
objective in the analyses” are still the very basic guide-
lines for forensic entomologists (as summarized in the
EAFE Code of Ethics for good practice and science,
available on EAFE website at the address http://
www.eafe.org/ EAFE constitution.htm) as well for
every expert involved in criminal investigations.
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RepLY: On Throwing out the Baby With the
Bathwater: A Reply to Wells

Dr. Wells’ letter to the Editor states that the postcolo-
nization Interval (PCI) and period of insect activity
(PIA), as defined in Tomberlin et al. (2011), were
esoteric and impracticable concepts. Wells then stated
that many researchers were incorrectly using the
terms in recent articles and cited our article (Michaud
et al. 2012) as an example, along with several others
(Mondor et al. 2012, Tomberlin et al. 2012, Berg and
Benbow 2013, Bygarski and LeBlanc 2013, Picard et al.
2013). Here, we comment on Wells” assessment of PIA
and PCI and we clarify why a citation to Tomberlin
etal. (2011) appeared in the introduction of Michaud
etal. (2012). We feel it is important to note that we are
not involved in forensic entomology casework. Our
views are from a research perspective.

Wells® criticism of the PIA and PCI concepts is
largely one of semantics. One of his main points is that
estimating PIA or PCI is not something forensic en-
tomologists actually do. We disagree and believe that
this depends on the interpretation and definitions that
are used. What forensic entomologists do, in the sim-
plest terms, is estimate how much time insects have
spent on a body after it has been made accessible to
them. This estimate could be called the minimum PMI
according to currently accepted definitions, or mini-
mum PIA according to Amendt et al. (2007). Tomber-
lin et al.’s (2011) definition of PIA was built on the
definition of Amendt et al. (2007) that took into ac-
count the possibility of a delay between death and
insect colonization, which our use of PIA incorpo-
rated. Tomberlin et al. (2011) also expanded Amendt
et al.’s (2007) definition to include the entire time
when arthropods are associated with the remains, and
divided that time in five phases: exposure, detection,
acceptance, consumption, and dispersal. Although it is
currently true that the detection and acceptance
phases cannot be estimated, we expect that future
applications of these terms will be possible as we learn
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more about insect behavior, physiology, and ecology.
Consequently, a “PIA estimate” would (implicitly)
incorporate these phases (i.e., a PIA of 5 d would
already include the detection and acceptance phases).
In our view, Tomberlin et al. (2011) did exactly what
they intended, which was to emphasize the impor-
tance of returning forensic entomology to its ecolog-
ical roots by providing a science-based conceptual
framework. This endeavor, we opine, was long over-
due and one that we ourselves have promoted on
several occasions.

In relation to Michaud et al. (2012), our article does
not directly discuss PMI (or PIA)-related matters, but
rather experimental design issues in the forensic en-
tomology literature. There was no mention of
Tomberlin et al. (2011) in the original version of our
manuscript but the peer-review process resulted in its
inclusion. This indicates that there is a growing con-
sensus in the scientific community of the need to
disentangle the different components of what is usu-
ally referred to as the PMI (see also Matuszewski 2011,
2012; Matuszewski and Szafatowicz 2013). Clearly,
PMI is not an indivisible entity and its different phases
need to be acknowledged and studied for forensic
entomology to move forward. Although we under-
stand that the PCI and PIA definitions proposed by
Tomberlin et al. (2011) have currently little use in an
applied context, as argued by Wells, we nevertheless
consider that their complete disposal is a step back, not
a step forward. Instead, we believe that these defini-
tions identify gaps in research and will help direct
future work. Whether these definitions find fruitful
uses in both casework and research, however, is up to
future empirical work to demonstrate.

We see Wells’ letter as evidence of a disagreement
between practitioners and researchers in the field and
of the need for a standardized terminology applicable
to all situations. This disagreement is not unlike the
concept of decay stages in carrion-arthropod succes-
sion that found little statistical support (e.g., Schoenly
and Reid 1987, Boulton and Lake 1988, Moura et al.
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