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ABSTRACT

Ecological succession is arguably the most enduring contribution of plant ecologists and its origins
have never been contested. However, we show that French entomologist Pierre Mégnin, while collab-
orating with medical examiners in the late 1800s, advanced the first formal definition and testable
mechanism of ecological succession. This discovery gave birth to the twin disciplines of carrion ecology
and forensic entomology. As a novel case of multiple independent discovery, we chronicle how the
disciplines of plant and carrion ecology (including forensic entomology) accumulated strikingly
similar parallel histories and contributions. In the 1900s, the two groups diverged in methodology and
purpose, with carrion ecologists and forensic entomologists focusing mostly on case reports and
observational studies instead of hypothesis testing. Momentum is currently growing, however, to
develop the ecological framework of forensic entomology and advance carrion ecology theory. Research-
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ers are recognizing the potential of carcasses as subjects for testing not only succession mechanisms

(without assuming space-for-time substitution), but also aggregation and coexistence models, diversity-
ecosystem function relationships, and the dynamics of pulsed resources. By comparing the contribu-
tions of plant and carrion ecologists, we hope to stimulate future crossover research that leads to a

general theory of ecological succession.

INTRODUCTION

ULTIPLE independent discovery
(Lamb and Easton 1984) has occurred
sporadically in science throughout its recent
history. Some of these discoveries were simul-
taneous or almost so, while others occurred in
mutual isolation, sometimes many years apart
(Merton 1961). In the ecological sciences, ex-
amples include (but are not limited to) the
theory of evolution by natural selection (Dar-
win 1858, 1859; Wallace 1859), the equilib-
rium theory of island biogeography (Munro
1948; MacArthur and Wilson 1963; Brown
and Lomolino 1989), and allometric scaling
of population variance with mean body size
(Marquet et al. 2005; Cohen et al. 2012).
Ecological succession, the change in species
composition in communities over time (as
defined by Cain et al. 2008), is arguably the
oldest and most enduring concept in ecol-
ogy (Cherrett 1989). Modern general ecol-
ogy textbooks repeatedly identify Cowles
(1899), Clements (1916, 1936), and Gleason
(1917, 1926, 1939)—in various combina-
tions—as succession’s earliest theorists (e.g.,
Stiling 2002; Cain et al. 2008; Krebs 2009;
Smith and Smith 2012; Molles 2013). Hence,
the origin of ecological succession theory has
never been questioned. However, here we
show that French veterinarian and entomol-
ogist Pierre Mégnin, while collaborating with
medical examiners to document the succes-
sion of insects on exhumed and exposed
human corpses (Mégnin 1883, 1887, 1894),
advanced the first formal definition and test-
able mechanism of ecological succession.
This discovery gave birth to carrion ecology
and its applied cousin, forensic entomology,
which uses thermal development and succes-
sional timetables of insects on corpses to es-
timate time since death of the deceased in
criminal investigations (Byrd and Castner
2010).
The fields of plant and carrion ecology
originated and developed independently,

and given their disparity in subject matter,
training, and institutional structures, we
show that these two groups were unaware of
each other’s publications. Nevertheless, these
groups accumulated strikingly similar paral-
lel histories and contributions, which we
also chronicle below. One difference is,
however, obvious. Breakthroughs in plant
ecology, notably the paradigm shift from
the Clementsian school (Clements 1916,
1936) to the Gleasonian school (Gleason
1917, 1926, 1927, 1939) and the introduc-
tion of testable models and mechanisms
(Horn 1975; Connell and Slatyer 1977; Hill
et al. 2004; Solow and Smith 2006), shaped
the theoretical development of succession.
By contrast, carrion ecology and forensic
entomology diverged from basic ecological
thinking about succession due to their em-
phases on insect taxonomy and observa-
tional studies throughout the 20th century
(Michaud et al. 2012). Mechanisms devel-
oped for plant and marine communities
(Connell and Slatyer 1977) carried over to
carrion succession without empirical support
(Connell and Slatyer 1977; Schoenly and
Reid 1987; Smith and Baco 2003) and, as a
result, little is known about the mechanisms
that drive succession on carrion as well as
other ephemeral and patchy resources (e.g.,
dung, leaf litter, fallen fruits, rotting logs).

In this paper, we chronicle the indepen-
dent discovery and formalization of plant
and carrion-arthropod succession, and ex-
amine the paradigm shifts that redirected
plant ecology and the twin disciplines of fo-
rensic entomology and carrion ecology into
what they are today. Such comparisons, we
hope, will stimulate future crossover re-
search that leads to a general theory of eco-
logical succession.

PARADIGMS OF PLANT SUCCESSION

Early documentation of plant communi-
ties by European naturalists (De Luc 1806 as
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cited in Rennie 1810; Dureau de la Malle
1825; Hult 1885, 1887; Warming 1891)
helped mark the birth of ecology. Accord-
ing to Clements (1916), De Luc (1806; as
cited in Rennie 1810) was the first naturalist
to coin the word “succession,” Hult (1885,
1887) conducted the first systematic study of
vegetation development and established the
concept of a climax assemblage, and Warm-
ing (1891) was the first to give a consistent
account of succession on sand dunes. Early
European botanists also provided the neces-
sary observations that plant ecologists would
later build upon to formalize a conceptual
framework of plant succession.

One of the first naturalists to apply the
term “succession” and offer a functional ex-
planation was American naturalist Henry
David Thoreau (1860). Through his own ob-
servations, Thoreau also refuted old think-
ing that seeds spontaneously generate or lay
dormant for centuries and showed instead
that they become dispersed by wind and an-
imals. Thoreau described a particular case
involving pine trees and oaks, and how every
time a pine tree was cut down an oak tree
sprung up, and vice versa. When pines were
cut down, conditions became favorable for
the oaks and the latter grew larger. After a
few years, the area became unfavorable for
the oaks and, in turn, pines were again al-
lowed to grow. Thoreau called this trend
“forest succession.” Likewise, Darwin (1859)
proposed that cleared forests eventually sup-
ported the same species as surrounding forests
and, later, Douglas (1875, 1889) chronicled
the fate of pioneer species in burned
forests.

Despite the early accounts of Thoreau,
Darwin, and Douglas, a decade passed be-
fore succession was formalized as an eco-
logical concept in North America. Cowles
(1899) described the coastal region of Lake
Michigan, its various dune formations, and
vegetation, including the transition from
beach to mesophytic forest. Cowles also used
the term “climax” to describe the last, most
mature stage of vegetation within a geo-
graphic area. Subsequently, Cowles (1901)
defined the mesophytic forest as a climax
assemblage, but this time for inland and
coastal environments. Cowles described the
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order of succession and how plant commu-
nities replaced each other when conditions
changed, a phenomenon driven mostly by
climate, and he assumed that changes in
space mirrored those in time, known today
as space-for-time substitution (Pickett 1989).
Cowles wrote:

The various plant societies pass in a series
of successive types from their original con-
dition to the mesophytic forest, which may
be regarded as the climax or culminating
type . . . stages may be slow or rapid . . . stages
may be direct or tortuous (Cowles 1901:
80-81).

Thus, Cowles (1899, 1901) was the first
ecologist to define succession as a sequential
and directional process ending in a climax
community. Tansley later wrote:

It is to Henry Chandler Cowles that we owe,
not indeed the first recognition or even the
first study of succession, but certainly the first
thorough working out of a strikingly com-
plete and beautiful successional series . . .
Cowles did far more than any one else to
create and to increase our knowledge of
succession and deduce its general laws
(Tansley 1935:284).

Research by pioneering botanists such as
Hult (1885, 1887), Warming (1891), and
Cowles (1899, 1901) helped to usher in ecol-
ogy as a distinct discipline. By the early
1900s, Frederic E. Clements (1916, 1936)
had developed his monoclimax theory of
succession, which became ecology’s first par-
adigm (Simberloftf 1980). The premise of
Clements’ work, based loosely on Cowles’
ideas, was that succession behaved like an
organism, developing from different unsta-
ble stages called seres, to a final stable sere
called a climax, all under control of the re-
gional climate. In his youth, Clements saw a
boom-and-bust cycle of agricultural expan-
sion play out on the Midwestern prairies by
pioneer homesteaders whose poor farming
and grazing practices brought drought and
famine (Tobey 1981). Clements and his fel-
low grassland ecologists, who included his
mentor Charles E. Bessey and Roscoe Pound
at the University of Nebraska, championed a
dynamic version of plant ecology in the early
1900s that depended on quadrats (including
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permanent and denuded versions), experi-
mental and graphical methods, and quanti-
tative approaches (Worster 1994; Kingsland
2005). Using the quadrat method, Pound
and Clements ([1898] 1977) found that veg-
etation along the slope of the Great Plains
varied more than expected, “even though to
the eye there was no change” (Tobey 1981:
71). By comparing vegetation in roadways
with those in right-of-way enclosures (fenced
off by the railroad), Clements showed what
the prairie landscape, when left undisturbed,
looked like (Kingsland 2005). These percep-
tions and observations developed into the
Clementsian school that emphasized the
closed-ended, sequential, directional, and
predictable nature of succession and identi-
fied facilitation as its chief mechanism (i.e.,
pioneer colonizers modify their environ-
ment, making it unsuitable for themselves
but suitable to others). Clementsian succes-
sion, which was considered dogma in the
first half of the 20th century, nevertheless
offered an experimental approach for study-
ing succession (Tobey 1981; Kingsland 2005)
and stimulated a groundswell of research
that still finds applications today (Pickett et
al. 2009).

The second view, based on field studies of
Henry Gleason (1917, 1926, 1927, 1939) and
Leonty Ramensky (1924), shifted attention
away from the superorganism view to one
that emphasized the community’s depen-
dence on environmental gradients, life his-
tories of individual species, stochastic events,
and variable arrival times of colonizers. The
individualistic concepts of Gleason and Ra-
mensky were deeply rooted in extensive flo-
ristic studies they had conducted in their
home countries of America and Russia, re-
spectively. Like Clements, Gleason employed
quadrats and they were among the earliest
ecologists to use them to study the distribu-
tion and frequency of individual terrestrial
plants (McIntosh 1985). In his landmark
1926 paper, Gleason concluded:

it may be said that every species of plant is a
law unto itself, the distribution of which in
space depends on its individual peculiari-
ties of migration and environmental re-
quirements (Gleason 1926:26).
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In opposition to Clements, Gleason argued
for a more flexible view of succession and
rejected Clements’ notion of irreversibly di-
rected seres and the monoclimax. Gleason’s
papers, however, had little impact on his
contemporaries, and were largely ignored.
Even before Gleason published his last paper
on succession in 1939, he had decided to
leave ecology to pursue plant taxonomy for
which he had a long and distinguished ca-
reer (McIntosh 1975). Although the Gleaso-
nian view was overlooked for decades, by the
1950s the contributions of John T. Curtis
(i.e., ordination) and Robert H. Whittaker
(i.e., gradient analysis) had persuaded many
plant ecologists that Gleason’s individualistic
concept was valid (Gurevitch et al. 2006). By
1949, the first American textbook on animal
ecology (Allee et al. 1949) had at least cited
Gleason’s papers on the individualistic con-
cept (McIntosh 1975); however, it took an-
other decade for Gleason’s succession model
to carry over into animal ecology (McIntosh
1995).

Today, modern ecology textbooks con-
tinue to portray the Clementsian and Glea-
sonian schools as a dichotomy from which
few ecologists have diverged; the few that did
included Cooper (1926), Tansley (1935),
Whittaker (1953), Horn (1975), and Pickett
(1976). These slightly divergent approaches,
however, never quite caught on. McIntosh
(1975) provocatively asked to what extent
the power of place, namely, the Nebraska
grassland for Clements and the prairie-forest
border of Illinois for Gleason, informed
their views on plant succession that led them
to reach different conclusions. Likewise, Ra-
mensky worked in meadows near the Oskil
River region of Voronezh Province in Russia,
arrived at similar conclusions as Gleason,
and was also dismissed by his peers (McIntosh
1983, 1985). Today, most plant ecologists
take an intermediate position between the
Clements-Gleason (Ramensky) dichotomy
(Gurevitch et al. 2006) and acknowledge
that the methods used to sample vegetation
also affects the nature of the plant associa-
tion (Barbour et al. 1987). Plant ecologists
still disagree, however, on the relative impor-
tance of biotic and abiotic factors and the
role of stochastic events in shaping plant
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community structure (Barbour et al. 1987;
Gurevitch et al. 2006).

Although the 1960s saw the introduction
of mathematical models for plant succession
(McIntosh 1999), testable hypotheses of dif-
ferent successional mechanisms did not ap-
pear until Connell and Slatyer (1977). In
their influential paper, Connell and Slatyer
(1977) described three mechanisms and of-
fered examples for each from the literature
and experimental criteria required for hy-
pothesis testing. Briefly, in the facilitation
model, only pioneer species are able to col-
onize. Those species modify their environ-
ment, eventually making it more suitable for
the establishment of later-succession species
and less suitable for other early colonists. In
time, pioneer species are eliminated. In the
tolerance model, any species has the poten-
tial to colonize. Those species modify the
environment, eventually making it less suit-
able for early colonists but the ability of later-
succession species to colonize is not affected.
In time, pioneer species are eliminated. In
the inhibition model, any species has the
potential to colonize. Those species modify
the environment, eventually making it less
suitable for early colonists, but also inhibit-
ing the ability of later-succession species to
colonize. According to Connell and Slatyer
(1977), studies on newly exposed substrates
and marine benthic environments provided
evidence for facilitation, whereas studies on
terrestrial plants and marine organisms pro-
vided evidence for the inhibition model. No
study was found to support the tolerance
model. Just as the views of Clements and
Gleason stimulated much debate 50 years
earlier, the mechanisms of succession pro-
posed by Connell and Slatyer (1977) under-
went rapid scrutiny and refinement (e.g.,
Tilman 1985; Pickett et al. 1987; Farrell
1991). These developments initiated the sec-
ond paradigm shift in plant succession,
which continues today (e.g., Maggi et al.
2011; Marleau et al. 2011; Prach and Walker
2011).

What Cowles and his European predeces-
sors and colleagues did was document the
first successional series, apply the word “suc-
cession,” and provide a general framework of
the mechanism involved. Coincidentally, a
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veterinarian-entomologist and his medical
examiner colleagues in France were studying
the same phenomenon, but in a more ma-
cabre context.

PARADIGMS OF FORENSIC ENTOMOLOGY
AND CARRION Ecorocy

Forensic (or medicolegal) entomology
emerged out of the much older and larger
discipline of forensic medicine whose ori-
gins date back to Egypt nearly 3,000 years
ago (Smith 1951). According to Greenberg
and Kunich (2002), the earliest recorded
use of insects in a legal case dates back to
10th century China in which a murder in-
vestigation was recorded, set between 907
and 960 ap (Cheng 1890, cited by Green-
berg and Kunich 2002). A coroner had in-
terviewed a distraught woman who said her
husband was killed by fire, but the coroner
found aggregations of flies on the victim’s
head. At autopsy, investigators found an em-
bedded projection in the wound. When
confronted with the evidence, the woman
reportedly confessed that she and an accom-
plice had murdered her husband (Cheng
1890). Another first for China was the pub-
lication of the earliest training manual for
death scene investigators, Hsi Yiian Chi Lu
(“The Washing Away of Wrongs”), written
by Sung Tz'u in the 13th century (translated
into English by Giles 1924 and McKnight
in Sung 1981). Although Sung’s medical
knowledge was considerable, he was trained
not as a physician, but as a jurist. Neverthe-
less, his “Instructions to Coroners” (Giles
1924) was unrivaled in detail and coverage
for his day (Gwei-Djen and Needham 1988)
and contained many observations, methods,
tests, and collections of selected cases, in-
cluding one case involving insects. A man
had been found dead by the roadside with
numerous head wounds that resembled
those made by a sickle. After the coroner
ordered 70 of the local villagers to assemble
with their sickles on the ground, he noticed
flies aggregating on only one, indicating
that it had residual traces of blood and tis-
sue. When confronted with the evidence,
the villager reportedly confessed (Giles 1924:
77; Sung 1981:69-70). Elsewhere in the man-
ual, Sung revealed his knowledge of fly life
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cycles, their appearance in decomposing
bodies in different seasons of the year, and
observations on their infestation in the nine
natural orifices and wounds of the body
(Giles 1924:68-69; Sung 1981:86-87).

In Europe, the coroner system (i.e.,
coroners being responsible officials of the
Crown) was established in the late 12th cen-
tury, whereas expert testimony in death in-
vestigations was formalized in the 13th
century (Sung 1981). When English colo-
nists came to America, they brought their
coroner system with them (Hanzlick 2007).
Coroners were often elected officials with no
medical training. The earliest American leg-
islation to require elected coroners to have
medical training did not occur untl the
1870s, which eventually led to a gradual shift
toward the medical examiner system (Han-
zlick and Combs 1998). Currently, 31% of
the counties in the U.S. are served by medi-
cal examiners (Hanzlick 2007).

One of the earliest known documenta-
tions of the role of insects in decomposition
originated in Europe and was used to refute
spontaneous generation when Italian physi-
cian Francesco Redi (1668) experimentally
demonstrated, using meat, small carcasses,
and proper controls, that maggots come
from adult flies. Redi also documented the
successive emergence from the substrate of
different types of adult flies. He did not use
the term “species” as his work preceded Lin-
naeus (1767), but his descriptions matched
those of Calliphoridae (two or three spe-
cies), Sarcophagidae and/or Muscidae, and
probably Sepsidae. However, Redi did not
monitor visitation or oviposition behavior of
different fly species, and as such did not al-
lude to any successional process. From his
field observations and taxonomic treatment
of carrion-breeding flies, Linnaeus wrote a
century later:

Three flies consume the corpse of a horse
as quickly as a lion did (Linnaeus 1767:
990).

Over the succeeding decades, European
physicians, while conducting autopsies, also
encountered (but largely ignored) carrion
insects. Although Orfila and Lesueur (1831)
suspected that insects could play a role in
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legal medicine, they did not include a discus-
sion of insect succession or how insects could
be used in such investigations. Bergeret
(1855) used insects to solve a homicide in-
volving a mummified infant found in an
apartment’s chimney in March 1850. The
autopsy revealed the presence of pupae and
maggots of the flesh fly Musca carnaria (now
Sarcophaga carnaria; Diptera: Sarcophagidae)
and a moth (named “Papillon des mites”;
most likely Lepidoptera: Tineidae), an early
and late colonizer, respectively. Bergeret
used his limited knowledge of entomology as
a tool to estimate time of death and con-
cluded that investigators should focus their
case on previous tenants of the apartment.
Although Bergeret (1855) misinterpreted
the life cycles of some of the insects in this
case (Goff 2000; Benecke 2008), it was the
first time entomology was used to estimate
time of death and also the first documented
case in which succession was described. The
term “succession,” however, was never used.
Three decades later, the German physician
Hermann Reinhard (1882), conducted the
first taxonomic survey of the fauna of ex-
humed corpses, identifying seven arthropod
taxa (i.e., coffin flies, braconid wasps, latrine
flies, millipedes, rove beetles (two species),
and graveyard beetles).

The first biologist to provide a compre-
hensive account of succession, to make use
of the term, and to hypothesize on its under-
lying mechanisms was French army veterinar-
ian and entomologist Pierre Mégnin (1883,
1887, 1894) who collaborated with Paul
Brouardel, a French medical examiner
(Brouardel 1879) who also worked on tuber-
culosis and vaccination (Benecke 2008). Mé-
gnin, who started his collaboration with
Brouardel in 1878 by identifying mites from
a mummified body (Benecke 2008), recog-
nized the predictability of carrion-arthropod
succession and its forensic potential. While
realizing the enormous challenge posed by
time-since-death estimation, Mégnin noted:

This problem seemed insoluble. However,
Brouardel suggested to me that perhaps we
could use as its solution the remnants that
the numerous legions of insects, succeed-
ing each other with remarkable regularity,
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leave behind on a cadaver (translated by
J.-P. Michaud; Mégnin 1883:480).

Mégnin (1883) also described three of his
cases in which his estimates of time since
death were corroborated by suspect confes-
sions. Mégnin later noted that:

The oviposition by insects does not occur
at the same time for all; they each chose a
degree of decomposition . . . that moment
is so constant for each species and the suc-
cession of their apparition is so regular that
we can state the age of the cadaver (trans-
lated by J.-P. Michaud; Mégnin 1887:948).

In his classic text, Mégnin (1894) summa-
rized his case histories dating back to 1879
and expanded on his time-since-death meth-
odology:

For a long time a fact, which we were the
first to observe, marked us: the insects that
colonize cadavers, or death workers, arrive
in succession and always in the same order.
We counted a dozen periods between
death and the complete destruction of the
cadaver, and in each of those always appear
the same insects . . . putrefaction occurs in
a series of fermentations, and the product
of each is better suited to a group of death
workers than the other, which explains
their regular succession (translated by J.-P.
Michaud; Mégnin 1894:13).

Mégnin was referring to the action of bac-
teria that produced different odorous gases
that became attractive to certain insects. Mé-
gnin (1894) also described eight “squads” of
arthropods (insects, mites) that succeeded
each other at different times during decom-
position and within each squad a distinct
arthropod assemblage formed (Figure 1). In
addition, Mégnin (1894) acknowledged that
the arthropods in each squad could change
depending on site and season. In the second
half of his book, Mégnin (1894) described 19
case reports (spanning 30 years), including
his own cases (some with Brouardel) be-
tween 1879 and 1890, for which he offered
expert testimony. Mégnin also briefly collab-
orated with another French physician, G. P.
Yovanovitch, of the Faculty of Medicine in
Paris, who published a thesis based on Mé-
gnin’s succession tables (Yovanovitch 1888).
However, without consulting Mégnin, Yovano-
vitch added a table at the end of his thesis
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that listed insect occurrences spanning five
years when instead Mégnin’s observations in-
cluded at most 24 months. Mégnin (1889)
pointed out that Yovanovitch had mistaken
“periods” for “years” and asked for the table
to be retracted from the thesis. Another phy-
sician inspired by Mégnin (1894) was Eduard
Ritter von Niezabitowski, a medical exam-
iner at the Medico-Legal Institute at Krakow
University. Niezabitowski (1902) conducted
a two-year observational study of arthropod
succession using stillborn human remains
and carrion from several mammal species
(i.e., cat, fox, rat, mole, and calf) deployed in
and around the institute’s grounds and in
nearby fields and forests. He collected and
identified carrion-associated species belong-
ing to several fly and beetle families and ag-
gregated his data in a succession table that
spanned 14 days of observations. Niezabi-
towski observed a faster rate of soft-tissue de-
cay during summer than fall and winter,
negligible preference by carrion insects for
human remains over (other) animal re-
mains, and habitat preferences of certain in-
sects for human settlements, fields, and
forests. Based on these seasonal and site dif-
ferences, Niezabitowski (1902) warned that
Mégnin’s eightsquad classification system
was neither regular nor universal in its chro-
nology and concluded that his theory, which
was based mostly on concealed remains
found inside closed rooms, had limited fo-
rensic value for outdoor situations.

In North America, Wyatt Johnston and
Georges Villeneuve, two Canadian physi-
cians inspired by Mégnin, applied their ob-
servations of insect succession on corpses
from several of their cases to estimate time of
death (Johnston and Villeneuve 1897), but
cautioned against applying Mégnin’s rules to
other countries and climates. The authors
concurred with Mégnin (1894) as to the suc-
cessional sequence and the rules governing
it. American physician Murray G. Motter,
working as a volunteer for the U.S. Bureau of
Animal Industry (now the U.S. Agricultural
Research Service), also tested the applicabil-
ity of Mégnin’s squads in a study of 150 ex-
humed corpses in the Washington, DC, area
(Motter 1898). His results included detailed
annotations on corpse-associated arthropods
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FAUNA OF DEAD BODIES EXPOSED TO THE AIR'—(CoMPILED FROM MEGNIN).

Physical Condition, | Minimum Forma met with.

First |(D) Musca.*
oneura,*

three E:amphom.'
(D) Lueilia.*
Sarcophaga

First Period..... Bodies fresh...........

Second Period...|Decomposition com-
menced ..............

months,
3 months (L) Dermestes.*
ossa.
to D) hila,*
Anthomyia.
6 months, [(O) Necrobia (Cornytes).

(
Fifth Perlod..... Ammoniacal fermenta-| { 4 months (D) g;;whm

Third Period.... .1r.u:y acids ... .....

Fourth Period. . .[Caseous products. .....

tions, black liquefac-
tlon............. vesae

to (C) Necrophorus

8 months. Saprinus.*
6 months (A) Uroepoda.

Sixth Period.....|Desslcation............

Trachym;‘hu..
to ua.
b Lo
12 months. Serator.
Seventh Period. . L extreme... 1 year [(L) Aglossa.
to neola.
(C) Attagenus
8 years. Anthrenus.
Eighth Period...[Debris................. Over 8 |(C) Tenebrio.
_years. Ptinus.

FAUNA OF BURIED BODIES.

Before-Burial .... ......... ..... .. T S (D) Calliphora*,Cyrtoneura.
After Burial..... .............. T D) Ophira*, Phora.

0) Philontes*, Rhixorhagua.

(The genera marked * in the table ure those met{(T) Achorutes,"Templetonia.

with by ourselves.) ‘

1(D) Diptera, (O) Coleoptera, (L) Lepidoptera, (A) Acari, (T) Thysanura.

The following list of all the species mentioned by Mégnin has been furuished us
by Mr. F. A. Chittendale, of the Washington Burean of Entomology, and contains
corrections of the list as first published in the MONTREAL MEDICAL JOURNAL. Those
found by us and not mentioned by Mégnin are placed in square brackets., Those
marked A are NorthAmerican; marked E European, and those marked ©C Cosmo-
politan, and common in North America.

IMPTERA.—C Musca domestica, Musca carnaria = E Sarcophaz;l carnaria,
O Cyrtoneura stabulans, C Calliphora vomitoria, O}C. erythrocephala,] U Lucilia
cesar, E Sarcophaga carnaria, B 8. arvensis, K 8, laticrus, C Piophila casei,
C P, petasionis, E Anthomyia vicina ( unknown), B Thyreophora cynophila,
E T reata, E T. anth haga. Ophgm leucostome, B 0. cadaverina, =
Pyrellia cadaverina, E Lfmcxga nigrimana, O Phora aterrima.

CoLEOPTERA.—O Dermestes lardarius, O D. frischii, C D. undulatus, C Necro-
bia = Ernatus ruficollis, C "/, ceruleus,= violacens. O Necrophora ( fossor), inter-
ruptus, O N. humutor, O (Silpha littoralis) = Asbolus littoralis, C S. obscura, A [S.
noviboracensis], O Hister cadaverinus, A H. fedatus, C Saprinus rotundatus,
A [8. assimilis], C Attagenus pellio, © Anthrenus museorum, C Tenebrio molitor,
C T. obscurus, O Ptinus brunneus, C Philonthus ebeninus, C [P. politus], C Rhizo-

p pm-aﬁelocollﬁ, C [Omosita colon, A Trox unistriatus
i BPI'D‘:PTERA—EAQIOM pinguinalis, C A, cuprealis, © Tineola bisellicla, C T,
pellionella.

AcARI—E Uropoda nummularin, E Trachynotus cadarverinus, C Tﬁ'aglyphus
spinipes, T. siro, O T. longior, E Giyciphnm spinipes, v, G. cursor, E Serrator
amphibius, E S, necrop 5

THYSANURA.—E Achorutes armatus, E Templetonia nitide..

FIGURE 1. FAUNA OF DEAD BODIES EXPOSED TO THE AIR

Mégnin’s (1894) eight “squads” reflecting his view that distinct arthropod faunas succeed one another on a
human corpse at different times in a deterministic order (Mégnin 1894:24-95). Mégnin’s succession-based
thinking preceded the parallel theories of Clements (1916) and Gleason (1917) by two decades. Figure
reprinted from Johnston and Villeneuve (1897).
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as well as tabulated data on the soil type,
grave depth, and moisture content associ-
ated with each exhumed corpse. He chal-
lenged Mégnin’s view that squads replace
each other in an orderly sequence at precise
moments throughout decomposition and
cautioned against making generalizations.

Mégnin and his colleagues essentially re-
produced what Cowles’ predecessors and
colleagues did: they observed and described
successional seres, coined “succession,” and
provided a general framework of the mech-
anism involved. Both groups originated in
Europe in the late 1800s. By the turn of the
century, European scientists had introduced
succession concepts to North America where
high importance was assigned to seres (or
squads) and to the role of climate in shaping
successional outcomes.

Despite these promising beginnings, sci-
entific progress and popularity in forensic
entomology languished in the first half of
the 20th century, except when a high-profile
murder case that involved insects surfaced
(Goft 2000; Benecke 2008). Over the same
time period and for the rest of the century,
carrion ecology remained mired in a descrip-
tive era, notable for its many observational
studies that exposed animal carcasses to dif-
ferent seasons and environments (e.g., Mor-
ley 1907; Jaques 1915; Illingworth 1926;
Fuller 1934; Bornemissza 1957; Reed 1958;
Payne 1965; Nabaglo 1973; Johnson 1975;
McKinnerney 1978; Abell et al. 1982; Early
and Goff 1986; Tantawi et al. 1996). Al-
though these (and many other) reports pro-
vided detailed species lists, graphs, and tables
of succession, and descriptions of decompo-
sition, no mechanisms were proposed for the
successional patterns observed.

One study in the 1960s by Jerry A. Payne, a
graduate student at Clemson University,
stands out for its originality and impact. First,
Payne (1965) used cages with different mesh
sizes to provide open and closed access to
insects to study day-to-day changes in carcass
decomposition, a comparison that previous
researchers had not subjected to a tandem
field test; Fuller (1934) studied insect-
protected carrion in an insectary. Payne
found that carcasses protected from insects
mummified, keeping their integrity for
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months, whereas, carcasses exposed to in-
sects lost 90% of their starting weight in just
six days. This result showed that carrion de-
composition, based on weight loss measure-
ments, accelerated in the presence of insects.
Second, after trying carrion of different sizes
and from different vertebrate species (i.e.,
amphibians, mammals, and birds), Payne
(1965) settled on domesticated pigs because
he knew when they died and could acquire
them in large numbers of uniform size
and age. He also found that their rela-
tively hairless skin and lack of feathers
made insect sampling easier. Third,
Payne (1965) published his study, not in
an entomology journal, but in an ecology
journal, which guaranteed a wider audi-
ence. Since this study, the domestic pig
has become the model corpse for carrion
research (Catts and Goff 1992; Goff
1993). Payne went on to publish several
other papers from his groundbreaking
work, including reports of arthropods
from buried and submerged carcasses
(Payne et al. 1968; Payne and King 1972).

Beginning in the 1940s, several forensic
practitioners, including Marcel Leclercq,
Pekka Nuorteva, Bernard Greenberg, and
M. Lee Goff, began to publish their case
reports that identified promising insect taxa
for estimating the postmortem interval in
death investigations (Leclercq and Quinet
1949; Nuorteva et al. 1967; Greenberg 1985;
Goff and Odom 1987; Goff et al. 1988).
These forensic developments gave renewed
purpose to carrion research, including the
creation (in 1980) of the first outdoor labo-
ratory for human decomposition research
(Shirley et al. 2011), but no study had tested
ecological mechanisms for the succession
patterns observed. Over the next 75-plus
years, however, carrion would become the
focus or model for investigating other eco-
logical concepts and theories, such as detrital
food webs (Reed 1958; Cornaby 1974;
McKinnerney 1978; Schoenly and Cohen
1991), successional dynamics (Beaver 1977;
Schoenly and Reid 1987; Boulton and Lake
1988; Moura et al. 2005), energetics of an-
imal decomposition (Putnam 1978a,b),
spatial dynamics (Kneidel 1985; Hanski
1987; Ives 1991; Fiene et al. 2014), re-
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source pulses (Yang 2006), nutrient cy-
cling (Carter et al. 2007; Parmenter and
MacMahon 2009), and landscape hetero-
geneity (Barton et al. 2013).

It was also during the 20th century that the
stage-based paradigm emerged in carrion
ecology and forensic entomology. Succes-
sional timetables, which displayed the names
and occurrences of different insect species
and their life stages over time, included de-
cay stages that were named according to ob-
served physical and chemical changes in the
carcass. In these early ecological studies,
stage descriptions varied in both number
and duration. For example, Fuller (1934)
described three stages, Reed (1958) de-
scribed four, Bornemissza (1957) described
five, and Payne (1965) described six. One
widely held belief was that the onset of each
stage was marked by abrupt changes in insect
composition (Schoenly and Reid 1987), sim-
ilar to Mégnin’s (1894) notion of “squads”
and Clements’ (1916) “seres.” For example,
Fuller wrote:

It has become obvious, as Mégnin [1894]
pointed out, that each stage of decomposi-
tion is characterized by a particular group
of insects, but the process of decomposi-
tion itself is largely dependent on the pres-
ence of the insects (Fuller 1934:24).

Some carrion researchers even used the
terms “microsere” and “microseral stages”
from plant succession studies to document
decomposition progress (e.g., Reed 1958;
Johnson 1975). The stage-based paradigm
was first challenged by Schoenly and Reid
(1987) who demonstrated that succession in
11 published studies (largely) followed a
continuum of gradual changes, verifying the
existence and timing of authors’ decay stages
in only a minority of cases. Those conclu-
sions were later corroborated by Boulton
and Lake (1988) and Moura et al. (2005).
Despite these findings, and a reminder by
Peters (1991) that decay stages represent ty-
pological thinking, their use has spread in
the forensic literature (i.e., entomology, an-
thropology, taphonomy). Practitioners have
used them as “convenient descriptors” for sum-
marizing postmortem changes (e.g., Mann et
al. 1990; Anderson and VanlLaerhoven
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1996; Tibbett and Carter 2009) or as “refer-
ence points” for educating judges and juries
in the courtroom (Goff 2000). Moreover,
just like the individualistic and continuum
views for plant communities championed by
Gleason and Ramensky, the richness, abun-
dance, and distribution of chemical com-
pounds emanating from a decomposing
carcass interact in complicated ways, are de-
pendent on the physical environment, and
rarely coincide with established decay stages,
yielding limited use as indicators of decom-
position (Vass et al. 1992; Vass 2012). Al-
though some authors who have used decay
stages have acknowledged their artificiality,
using them still evokes a stepwise (and nec-
essarily abrupt) view of carcass decay that
misinforms the more continuous process.
The widespread adoption and uncritical ac-
ceptance of decay stages in carrion research
has unfortunately diverted attention from
empirical testing of ecological mechanisms
and models.

The descriptive era brought increased
ecological attention to carrion (e.g., Elton
and Miller 1954) but did little to advance
understanding of temporal dynamics. Foren-
sic entomology and carrion ecology continue
primarily as descriptive disciplines (Michaud
et al. 2012), although a shift has begun to-
ward a more hypothesis-driven framework
(see below).

CONNECTIONS BETWEEN PLANT AND
CARRION SUCCESSION THEORY

MULTIPLE INDEPENDENT DISCOVERIES

Multiple independent discoveries, accord-
ing to Lamb and Easton (1984), have oc-
curred in every branch of science and
involve researchers working in different lab-
oratories and countries who were unaware
of each other’s contributions. In addition,
multiple discoveries are often dependent on
common precursors, such as the theory of
evolution by natural selection in which Dar-
win and Wallace were inspired by the eco-
nomic theories of Thomas Malthus (Lamb
and Easton 1984). In the case of ecological
succession, we show that carrion succession
theorists (i.e., medical examiners and foren-
sic entomologists) of the late 1800s (i.e.,
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Mégnin, Yovanovitch, Johnston, Villeneuve,
Motter, Niezabitowski) preceded plant suc-
cession theorists (i.e., Cowles, Clements,
Gleason, Ramensky) by two decades in for-
malizing and testing this concept. Inspec-
tion of the footnotes and bibliographies of
the papers on succession by Cowles and col-
leagues do not include the papers and
books of Mégnin and colleagues. Moreover,
the papers from Cowles and colleagues re-
ferred only twice to carrion-related termi-
nology or succession in carrion. In one
instance, Cowles used “corpses” to describe
once buried and resurfaced pine trees in
retreating dunes (Cowles 1899:298). In the
second, Clements linked “cadavers” with
seres when describing examples of “minia-
ture successions that run their short but
somewhat complex course within the con-
trol of a major community” (Clements 1936:
280), but provided no citation with this
description. Despite carrion and plant ecol-
ogists having different historical roots (i.e.,
forensic medicine and plant geography,
respectively), they did depend on com-
mon precursors that could have provided
building blocks for developing parallel
succession concepts. For example, both
groups cited studies that refuted sponta-
neous generation, namely, Redi (1668)
by carrion ecologists and Thoreau (1860)
by plant ecologists. Also, both groups de-
pended on the binomial classification sys-
tem of Linnaeus (and the work of other
systematists) and benefited from the emer-
gence of specialized subdisciplines within
botany and zoology (Farber 1982) to de-
scribe temporal and spatial changes in spe-
cies composition. Unlike Mendel’s paper on
particulate inheritance that went unnoticed
for 35 years until it was rediscovered in 1900,
we found no evidence that the papers and
books of Mégnin and colleagues were redis-
covered (i.e., cited) by plant ecologists gen-
erations later. This result is not surprising
given a persistent divide that has existed for
decades between plant and animal ecologists
(McIntosh 1985).

Among the first plant ecologists to draw
attention to animal-driven succession was
Whittaker when he wrote:
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The most effective demonstrations of the

manner in which populations succeed one

another are in such short-range, small-scale

successions as those of infusions . . ., car-

rion . . ., rotting logs and stumps . . ., dung
. ., etc. (Whittaker 1953:43).

At the time, carcasses were already an over-
looked ecological unit (Allee et al. 1949; El-
ton and Miller 1954) and for the most part
were ignored by plant ecologists. Similarly,
post-1950s carrion researchers, while intro-
ducing or reviewing succession, rarely in-
cluded the contributions of Cowles and
colleagues (but see Schoenly and Reid 1987;
VanLaerhoven 2010; Villet 2011). But per-
haps most tellingly is that carrion succes-
sion’s pioneers went uncited by prominent
ecology and environmental historians such
as Tobey (1981), Egerton (1983, 1985, 2008,
2013, 2014), McIntosh (1985), Worster (1994),
and Kingsland (2005). Likewise, medical his-
torians did not cite the contributions of Mé-
gnin and colleagues among the pioneers of
forensic medicine and death investigation in
Europe and North America (e.g., Smith
1951; Fisher and Platt 1993; Clark and Craw-
ford 1994; Jentzen 2009). Consequently, al-
though common precursors likely contributed
to parallel thinking on ecological succession
by carrion and plant ecologists, we found no
evidence that either group was aware of the
other’s contributions, at least until the mid-
1900s.

Despite having common precursors, we
hypothesize that different academic cultures
and institutional structures kept carrion and
plant ecologists apart. Up to the mid-1700s,
scientists (i.e., natural philosophers) could
conceptualize grand syntheses of knowledge
about the entire world, particularly if they
were ambitious, disciplined, and well placed
(Farber 1982). This was especially true of
naturalist-physicians, such as Linnaeus,
whose broad training in the natural and
medical sciences (Blunt 2001) allowed him
to investigate living systems across taxonomic
and ecological boundaries. By the 19th cen-
tury, the volume of information (including
collected specimens) had exploded, favoring
the proliferation of natural history museums
and outlets for publishing (Farber 1982). In
this era, “ecology,” as coined by Haeckel in
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1866, had progressed to become a fusion of
natural history and physiology (Farber 1982;
McIntosh 1985) and, together with Darwin’s
theory of evolution in 1859, should have
forged robust and lasting collaborations be-
tween carrion and plant ecologists. But by
the turn of the 20th century, when carrion
and plant ecologists were investigating
succession, the acceleration of scientific in-
formation led to specialization and compart-
mentalization of professions and institutions
(Smith 1951; Farber 1982; McIntosh 1985).
In North America, the birthplaces for ecol-
ogy developed around botany programs,
such as the Carnegie Institution of Washing-
ton’s Desert Botanical Laboratory and the
New York Botanical Garden that pursued
mostly plant taxonomy, genetics, and eco-
physiology (Kingsland 2005), land-grant uni-
versities in Nebraska, Iowa, and Kansas
(among others) that trained generations of
grassland ecologists (Tobey 1981), and pri-
vate universities such as the University of Chi-
cago that trained both plant and animal
ecologists (McIntosh 1985). Consequently,
in the early 1900s, American ecologists mostly
saw themselves as botanists and zoologists
(Kingsland 2005) and rejected attempts by
their leaders to embrace a broader research
agenda (Huntington 1920; Moore 1920; Cle-
ments 1935) that included human-centered
disciplines (e.g., public health and urban
ecology; Kingsland 2005). Following this
trend, the journal Fcology became more nar-
rowly focused on botanical topics through the
1920s (Kingland 2005). Over the same time
period, but independently of these develop-
ments, the emergence of forensic pathology,
as a medical specialty, into death investiga-
tion had begun in America in the late 1800s
(Fisher and Platt 1993). But even before this
time, the coroner system, made up of elected
persons who typically had no medical train-
ing to investigate untimely deaths, was legis-
lated into American colonial governments as
early as 1777 (Hanzlick 2007). By the early
1900s, the modern medical examiner system
had been established, and a trend to replace
untrained coroners with physician medical
examiners (expertly trained to perform
death investigations and autopsies) had be-
gun (Hanzlick and Combs 1998). However,
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conflicts continue today between medical
examiners and coroners, and with politi-
cians and law enforcement, resulting in a
patchwork of death investigation systems
at state and local levels (Hanzlick 2007;
Jentzen 2009). Consequently, as a result
of specialization and compartmentalization,
newly established American institutions and
curricula in ecology and medicine did much
to weaken the potential for interdisciplinary
collaboration, not just between plant and
carrion ecologists, but between plant and
animal ecologists. As Lamb and Easton
(1984) have observed, most scientists do
not pursue interests or advance theories
beyond their cultural boundaries, but in-
stead adopt the values of the society of
which they are part.

Finally, we hypothesize that carrion and
plant ecologists had different objectives and
motivations that worked against mutual
recognition and exchange of ideas on eco-
logical succession. First, plant ecologists have
mostly studied succession prospectively
(Kingsland 2005) as a forecasting tool to pre-
dict future changes in community composi-
tion, whereas carrion ecologists (particularly
those who did casework) studied succession
retrospectively, backtracking egg laying by
adult flies and beetles to estimate time of
death of the deceased (Byrd and Castner
2010). This may partly explain why Markov
chain models of succession, used mostly by
plant ecologists for analyzing future succes-
sional states, have found little appeal among
carrion ecologists (i.e., “the forward prob-
lem”; Solow and Smith 2006). Second, plant
succession is a concept embedded within the
ecosystem (Tobey 1981; McIntosh 1985;
Kingsland 2005); as such, most early plant
ecologists held that ecosystems (through
their communities) exhibited large-scale ho-
mogeneity and long-term stability, rooted in
the “balance of nature” assumption that pre-
vailed for centuries (Wu and Loucks 1995).
In contrast, carrion was viewed and studied
in isolation of the larger ecosystem, provok-
ing early animal and carrion ecologists to use
the terms “microsere,” “microseral stage,”
and “microcommunity” to describe these
habitat patches (Allee et al. 1949; Reed 1958;
Payne 1965; Johnson 1975). Despite these
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different perceptions, a few early and far-
sighted plant ecologists (McIntosh 1985)
recognized the linkage between ecosys-
tem heterogeneity and scale multiplicity
(i.e., hierarchical patch dynamics; Wu
and Loucks 1995). One was William S.
Cooper, who concluded after mapping
and aging trees in Isle Royale, Lake Su-
perior, that the forest is a:

mosaic or patchwork [that] changes con-
tinually in a manner that may almost be
called kaleidoscopic when long periods of
time are considered (Cooper 1913:36).

Decades later, Alexander S. Watt, while ex-
panding on this framework, introduced the
term “gap phase” when describing patches of
forest (Watt 1947:12) and cited insect inhab-
itants of decaying walnuts, logs, and dung as
animal examples (Watt 1947:20). Third,
most 20th-century plant and animal ecolo-
gists chose to study “pristine” environments
that were largely (although never entirely)
removed from human activities (Kingsland
2005); whereas, many carrion ecologists
conducted their field work in and around
human-managed landscapes (e.g., agri-
cultural experiment stations, urban and
suburban areas, landfills). Fourth, most ac-
ademic ecologists have historically shunned in-
volvement in environmental litigation
because they perceived it to be unprofes-
sional, claimed it diluted their objectiv-
ity, and found it brought few academic
rewards (Willard 1980). In contrast, many car-
rion ecologists (i.e., forensic entomolo-
gists, anthropologists, taphonomists) have
routinely assisted law enforcement and testi-
fied as expert witnesses (e.g., Haglund and
Sorg 1997; Greenberg and Kunich 2002; Du-
pras et al. 2006). Tellingly, these ideological
and motivational differences are reflected in
textbook comparisons that show a conspicu-
ous lack of environmental litigation coverage
in general ecology textbooks (even cases in-
volving plant succession and biodiversity; see
Willard 1980), compared to whole-chapter
coverage of litigated casework, expert witness
testimony, and/or courtroom practices in
many forensic entomology, anthropology,
and taphonomy textbooks (e.g., Haglund
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and Sorg 1997; Greenberg and Kunich 2002;
Burns 2013).

To sum up, the available evidence shows
that carrion and plant ecologists of the late
19th and early 20th centuries, despite having
common precursors, advanced ecological
succession theory in isolation and developed
different academic cultures, motivations,
and objectives that kept them apart. It is
tempting to speculate whether the origin
and history of this theory would have un-
folded differently if specialization and com-
partmentalization of the natural and medical
sciences in the late 19th century had been
delayed, or if early plant and animal ecolo-
gists and their founding institutions in the
early 20th century had coalesced and broad-
ened their scope, or if plant and carrion
ecologists in the mid-20th century had
shared similar views of the ecosystem and in
the way they studied succession. Although
these alternate histories will remain thought
experiments, it seems clear that the origin
and development of ecological succession
theory unfolded as a series of missed oppor-
tunities for cross-collaboration between its
two groups of pioneers and successors.

CARRION INSECT SUCCESSION: A
CLEMENTSIAN OR GLEASONIAN PROCESS?

Since the theoretical framework of carrion-
insect succession does not provide many an-
swers with regard to community assembly, it
is tempting to draw information from plant
ecology. Carrion use by insects appears to
evoke agreement, in part, with both Clem-
entsian and Gleasonian succession. From a
Clementsian view, carrion-insect succession
is directional in nature and is relatively
predictable within a given ecosystem of a
biogeographic zone (e.g., Anderson 2010),
two traits that are required for time-since-
death estimation. Although decomposition
is marked by statistically predictable stages
or “seres” (Michaud and Moreau 2011),
boundaries between stages (Schoenly and
Reid 1987; Boulton and Lake 1988; Moura
et al. 2005) and between ecosystems (Mi-
chaud et al. 2010) rarely correspond to
abrupt changes in arthropod composi-
tion. For that reason, carrion-insect suc-
cession also evokes comparison with
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Gleasonian succession. Another Gleaso-
nian trait is interannual variation in in-
sect arrival and departure times that
occur when carcasses are exposed in the
same seasons and environments in differ-
ent years (e.g., Archer 2003; Michaud
and Moreau 2009). Also, some insect spe-
cies that frequent carrion have a random
occurrence pattern and do not appear to
follow the predicted successional sequence
(Michaud and Moreau 2009).

Plant and carrion-insect succession also
differs in major and obvious ways. Carrion
functions as a nonequilibrium island (Beaver
1977) that is without primary production or
a climax assemblage because its successional
endpoint is recycling of the remains into
gravesoil (Poole 1974; Braack 1987; Begon et
al. 1996; Carter etal. 2007). In her analysis of
turnover rates, Anderson (2007) examined
successional data sets from both plant and
carrion communities and found that the
main drivers of succession were competition,
abiotic limitation, and dispersal limitation,
and concluded that her results were more
consistent with a Gleasonian approach for
plants but could not come to any conclusion
with respect to carrion-insect succession. Ev-
idence from dispersal studies on sapropha-
gous Diptera and Coleoptera, however, show
that they have wide dispersal ranges that
span several kilometers (see references in
Michaud et al. 2012). Moreover, competition
among fly larvae on carrion, dung, and
fallen fruit has been well documented
(e.g., Valiela 1974; Denno and Cothran
1975; Atkinson and Shorrocks 1984;
Kneidel 1984; Hanski 1987; Ives 1988);
however, the net effect of competition on
the rest of the insect community remains
unknown. Although these studies pro-
vided important insight on how commu-
nity assembly proceeds on ephemeral
and divided resources, none directly ex-
plored mechanisms of succession. More
field studies will be needed to reach a
conclusion about whether carrion-insect
succession fits the Gleasonian model, the
Clementsian model, or if it is a unique
process deserving its own conceptual
framework.
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FUTURE QUESTIONS IN CARRION ECOLOGY
AND ForEnsic ENTOMOLOGY

WHAT MECHANISMS UNDERLIE CARRION-
INSECT SUCCESSION?

The Gleason versus Clements debate is
likely to persist for many years to come. This
is because these concepts are rooted in the-
ory rather than empirical data, which defies
straightforward testing. Connell and Slatyer
(1977) attempted to resolve the testability
issue by proposing three mutually exclusive
mechanisms of succession (facilitation, inhi-
bition, and tolerance) for plants and sessile
aquatic animals. Facilitation has been pro-
posed as a likely mechanism for animal suc-
cession on carrion (Connell and Slatyer
1977; Schoenly and Reid 1987), although
no empirical evidence was offered to sup-
port this claim. Connell and Slatyer wrote:

The mechanisms of the facilitation model
probably apply to most heterotrophic suc-
cessions of consumers feeding on car-
casses, logs, dung, litter, etc. . . . No
experimental investigation has been car-
ried out to demonstrate the details of the
process, but the evidence seems to support
the application of this model (Connell and
Slatyer 1977:1124).

Later, Schoenly and Reid wrote:

The species replacement patterns . . . are
consistent with Connell and Slatyer’s (1977)
“facilitation” mechanism (model 1) of com-
munity succession . . . We stress, however,
that the available data sets are inappropriate
for testing the facilitation hypothesis. Cor-
roboration of this hypothesis will require fur-
ther field and/or laboratory trials (Schoenly
and Reid 1987:199).

Over a decade later, Smith and Baco
(2003) stated in their review of whale falls at
the deep-sea floor that facilitation was the
dominant mechanism in community assem-
bly, although again the hypothesis was not
directly tested. Researchers working on
other degradative habitats where facilitation
has been demonstrated, such as rotting
wood (Renvall 1995; Weslien et al. 2011) and
dung (Slade et al. 2007), also hinted that
facilitation may occur on carrion. However,
as Schoenly and Reid (1987; see above)
pointed out almost 30 years ago, further test-
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ing will be required to better understand
how applicable to carrion facilitation (or any
other mechanism) truly is.

Another untested assumption dates back
to Mégnin (1883, 1887, 1894) and his con-
cept of “squads” in which he proposes that
carrion-insect succession is driven by
physical-chemical changes in cadaver decay
(Figure 1). In other words, different waves of
insects are attracted to specific odors as they
are released sequentially during decomposi-
tion. A few studies have identified many com-
pounds that are released during carcass
decomposition (e.g., Vass et al. 1992; Vass
2012) and the response of carrion-associated
insects to certain compounds has been
shown (e.g., Frederickx et al. 2012; von Ho-
ermann et al. 2012; Johansen et al. 2014);
however, we are aware of no study that has
established a link between chemical succes-
sion and insect succession in carrion. In-
deed, Vass (2012) has proposed an “odor
signature” for human decomposition that
may have many potential benefits for the
forensic sciences. However, such a concept,
if it can be linked with corpse-insect succes-
sion, will require further experimentation in
controlled settings.

Succession is a leading concept in ecology
(Cherrett 1989) and its predictability in car-
rion is a basic premise behind forensic ento-
mology. Focusing more time and effort on
mechanisms of succession is likely to in-
crease our understanding of community
assembly and improve the theoretical frame-
work of both carrion ecology and forensic
entomology. Despite these knowledge gaps,
researchers cite the potential of carcasses to
illuminate ecological principles, in large
part, due to their discrete and ephemeral
nature and ease with which they can be ac-
quired, replicated, manipulated, and sam-
pled (Braack 1987; Schoenly and Reid 1987;
Finn 2001). Because carrion communi-
ties assemble from a regional species
pool, they offer realistic diversity gradi-
ents (and endless community combina-
tions) for investigating diversity-ecosystem
function relationships (Finn 2001). More-
over, the hotly disputed space-for-time substitu-
tion (Pickett 1989; Johnson and Miyanishi
2008; Walker et al. 2010) does not apply, giving
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carrion a clear advantage as a model system for
investigating mechanisms of succession and
other ecological processes.

DEVELOPING THE ECOLOGICAL
FRAMEWORK OF FORENSIC ENTOMOLOGY

Historically, the forensic sciences were
held in high regard by the public and the
courts throughout most of the 20th cen-
tury. However, the landmark paper by Saks
and Koehler (2005) and the long-anticipated,
congressionally mandated National Re-
search Council (NRC 2009) report, Strength-
ening Forensic Science in the United States: A
Path Forward, drew attention to many sci-
entific inadequacies of the forensic iden-
tification disciplines (e.g., fingerprinting,
toolmarks, ballistics). Among the 13 re-
commendations in the NRC report was the
need to:

develop tools for advancing measurement,
validation, reliability, information sharing,
and proficiency testing in forensic science
and to establish protocols for forensic ex-
aminations, methods, and practices (NRC
2009:214; Recommendation 6).

Although forensic entomology was not a
target of the report, a paradigm shift to cor-
rect methodological shortcomings and de-
velop theoretical models had started before
the report was published. For example, fo-
rensic entomologists had anticipated the
need to incorporate null models and Monte
Carlo methods in hypothesis testing (Schoenly
1991, 1992; Schoenly et al. 1996), develop
probability-based estimates of time since
death (Wells and LaMotte 1995; LaMotte
and Wells 2000; Michaud and Moreau 2009),
test the reliability of pig carcasses as model
corpses (Schoenly et al. 2007), and conduct
blind validation tests of time-since-death
methodology (VanLaerhoven 2008). After
the report was published, researchers in the
field realized the need to design better field
experiments (Michaud et al. 2012; Michaud
and Moreau 2013) and improve and field
test their statistical models (Michaud and
Moreau 2011; Basqué and Amendt 2013;
Perez et al. 2014). Carrion ecologists, in turn,
have vowed to develop the ecological frame-
work of forensic entomology by proposing a
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strategy that unifies basic and applied
decomposition research (Tomberlin et al.
2011a,b). Similarly, carrion ecologists have
highlighted the importance of decomposing
carcasses in the larger ecosystem in an at-
tempt to advance carrion ecology theory. For
example, Parmenter and MacMahon (2009)
examined the decomposition rate of several
vertebrate species for different seasons and
microsites and also measured energy and nu-
trient loss through nutrient cycling and com-
pared these loss rates to plantlitter studies.
Yang et al. (2008) proposed that pulsed re-
sources, such as carrion, influence ecological
processes at the individual, population, and
community levels. Barton et al. (2013) devel-
oped a framework of carrion dynamics that
weds succession theory with aggregation and
coexistence theory (e.g., Atkinson and Shor-
rocks 1984; Ives 1988) and suggested refo-
cusing future research on carrion’s impacts
on biodiversity and ecological processes at
different spatial scales. Pechal et al. (2014)
showed how insect access to carrion, if de-
layed by biophysical or forensic factors, can
shift community structure and arrival pat-
terns, and slow decomposition rates. Al-
though much work needs to be done to
elucidate mechanisms of carrion-insect as-
sembly, armed with this new paradigm, car-
rion ecologists and forensic entomologists
have the momentum, tools, and ecological
mindset to accomplish it.

CONCLUSION

At a time when most ecologists believed
that plants directed succession, Elton (1927)
warned plant ecologists that they should not
ignore animals, and offered examples of
how activities of animals (e.g., eating, dis-
persing, trampling, and destroying vegeta-
tion) could influence successional outcomes
(Cain et al. 2008). Today, authors of ecology
textbooks feature examples of both auto-
genic (plant) and heterotrophic (marine,
degradative) succession, but often ignore
carrion-arthropod succession as an example
of the latter (but see Begon et al. 1996;
Krebs 2009). Here we showed that not only
did early forensic entomologists advance
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and test the first formal definition and
mechanism of ecological succession (Mé-
gnin 1883, 1887, 1894; Yovanovitch 1888;
Johnston and Villeneuve 1897; Motter 1898;
Niezabitowski 1902), but that their his-
tory and contributions paralleled those of
early plant ecologists. For example, both
groups originated in Europe, used succession-
related concepts to refute the theory of
spontaneous generation, and introduced
succession to colleagues in North America.
Both groups also initially placed great
importance on typological concepts (i.e.,
“seres” in plant ecology, “squads” in carrion
ecology), the role of site and climate in
shaping successional outcomes, and offered
a qualitative framework of the mechanisms
involved. Afterward, for nearly a century,
empirical testing of succession mechanisms
in carrion went underexplored, due in large
part to an emphasis on insect taxonomy and
observational studies (Michaud et al. 2012)
and to the lingering, untested claim that
facilitation was the sole mechanism (Connell
and Slatyer 1977; Schoenly and Reid 1987;
Smith and Baco 2003). Today, the Clemen-
tsian (i.e., stage-based) view remains domi-
nant in carrion ecology and in several
forensic disciplines (i.e., entomology, an-
thropology, taphonomy), and momentum is
growing to put these disciplines on a more
ecological (and empirical) footing. We ex-
pect that the theoretical framework of these
forensic disciplines will benefit greatly from
ecology-based (i.e., mechanistic) thinking,
much in the same way modern ecology will
benefit from increased understanding of
successional dynamics on carrion.

ACKNOWLEDGMENTS

We are grateful to Dale Bottrell, Jim Brown, Joel E.
Cohen, Michael Fleming, Franck Gandiaga, and
Paryse Nadeau for references and comments on an
carlier version of this manuscript. We also thank
Christian Fromme for translating the Niezabitowski
(1902) article from German to English and Tim Held
for help with the article’s content and grammar. We
also thank two anonymous reviewers for their many
helpful recommendations, which have greatly im-
proved the quality of this manuscript.

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



MAaRrcH 2015

REWRITING ECOLOGICAL SUCCESSION HISTORY 61

REFERENCES

Abell D. H., Wasti S. S., Hartmann G. C. 1982. Saproph-
agous arthropod fauna associated with turtle car-
rion. Applied Entomology and Zoology 17:301-307.

Allee W. C., Emerson A. E., Park O., Park T., Schmidt
K. P. 1949. Principles of Animal Ecology. Philadelphia
(Pennsylvania): W. B. Saunders Company.

Anderson G. S. 2010. Factors that influence insect suc-
cession carrion. Pages 201-250 in Forensic Entomology:
The Utility of Arthropods in Legal Investigations, Second
edition, edited by J. H. Byrd and J. L. Castner. Boca
Raton (Florida): CRC Press.

Anderson G. S., VanLaerhoven S. L. 1996. Initial studies
on insect succession on carrion in southwestern Brit-
ish Columbia. |HNEG / 1:617-625.

Anderson K. J. 2007. Temporal patterns in rates of com-
munity change during succession. | ———
st 169:780-793.

Archer M. S. 2003. Annual variation in arrival and de-
parture times of carrion insects at carcasses: implica-
tions for succession studies in forensic entomology.

51:569-576.

Atkinson W. D., Shorrocks B. 1984. Aggregation of larval
Diptera over discrete and ephemeral breeding sites:
the implications for coexistence. |GGG
124:336-351.

Barbour M. G., Burk J. H., Pitts W. D. 1987. Terrestrial
Plant Ecology. Second edition. Menlo Park (Califor-
nia): Benjamin Cummings.

Barton P. S., Cunningham S. A., Lindermayer D. B.,
Manning A. D. 2013. The role of carrion in main-
taining biodiversity and ecological processes in ter-
restrial ecosystems. Qecalagig 171:761-772.

Basqué M., Amendt J. 2013. Strengthen forensic ento-
mology in court—the need for data exploration and

the validation of a generalised additive mixed
model. [ 127
213-223.

Beaver R. A. 1977. Non-equilibrium “island” communi-

ties: Diptera breeding in dead snails. fessssstastatees
islicalagy 46:783-798.

Begon M., Harper J. L., Townsend C. R. 1996. Ecology:
. Third edi-

tion. Oxford (United Kingdom): Blackwell Science.
Benecke M. 2008. A brief survey of the history of foren-
sic entomology. Acta Biologica Benrodis 14:15-38.
Bergeret M. 1855. Annales de santé publique et de médecine
légale. Deuxiéme série. Tome IV. Paris (France):
Jean-Baptiste Baillicre.
Blunt W. 2001. Linnaeus: The Compleat Naturalist. Prince-
ton (New Jersey): Princeton University Press.
Bornemissza G. F. 1957. An analysis of arthropod suc-

cession in carrion and the effect of its decomposi-
ton on the soil fauna, [ NEEEE———
5:1-12.

Boulton A. J., Lake P. S. 1988. Dynamics of heterotro-

phic succession in carrion arthropod assemblages: a
comment on Schoenly and Reid (1987). Qecalagiq
76:477-480.

Braack L. E. O. 1987. Community dynamics of carrion-
attendant arthropods in tropical African woodland.
Lecalagig 72:402—-409.

Brouardel P. 1879. De la détermination de I'époque de
la naissance et de la mort d’'un nouveau-née, faite a
I'aide de la présence des acares et des chenilles
d’aglosses dans un cadavre momifié. Annales
d’hygiene publique et de médecine légale 2:153-158.

Brown J. H., Lomolino M. V. 1989. Independent discov-
ery of the equilibrium theory of island biogeogra-
phy. Lealgoy 70:1954-1957.

Burns K. R. 2013. Forensic Anthropology Training Manual.
Third edition. New York: Pearson.

Byrd J. H., Castner ]. L. 2010. Forensic Entomology: The
Ulility of Arthropods in Legal Investigations. Second edi-
tion. Boca Raton (Florida): CRC Press.

Cain M. L., Bowman W. D., Hacker S. D. 2008. Ecology.
Sunderland (Massachusetts): Sinauer Associates.
Carter D. O., Yellowlees D., Tibbett M. 2007. Cadaver

decomposition in terrestrial ecosystems. sttt

Sehalion 94:12-24.

Catts E. P., Goff M. L. 1992. Forensic entomology in
criminal investigations. j
37:253-272.

Cheng, Ko. 1890. Zhe yu gui jian (cases in the history of
Chinese trials). China Lu shih.

Cherrett ]. M. 1989. Key concepts: the results of a survey
of our members’ opinions. Pages 1-16 in Ecological
Concepts: The Contribution of Ecology to an Understand-
ing of the Natural World, edited by J. M. Cherrett.
Oxford (United Kingdom): Blackwell Scientific Pub-
lishers.

Clark M., Crawford C. 1994. Legal Medicine in History.
Cambridge (United Kingdom): Cambridge Univer-
sity Press.

Clements F. E. 1916. Plant

L

Clements F. E. 1935. Experimental ecology in the public
service. Ligolgoy 16:342-363.

Clements F. E. 1936. Nature and structure of the climax.
IR 0 1:252-284.

Cohen J. E., Xu M., Shuster W. S. F. 2012. Allometric
scaling of population variance with mean body size is
predicted from Taylor’s law and density-mass allom-
etry.
I 109:15829-15834.

Connell J. H., Slatyer R. O. 1977. Mechanisms of succes-
sion in natural communities and their role in com-
munity stability and organization. |
111:1119-1144.

Cooper W. S. 1913. The climax forest of Isle Royale,

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs00114-006-0159-1
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs00114-006-0159-1
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F283241
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00377047
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs00414-012-0675-9
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1002%2F9781444313765
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F516653
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F516653
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1930074
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F284277
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1073%2Fpnas.1212883109
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1073%2Fpnas.1212883109
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1071%2FZO9570001
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs00442-012-2460-3
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1146%2Fannurev.en.37.010192.001345
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00377571
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3640
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3640
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1520%2FJFS13964J
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1938125
http://www.journals.uchicago.edu/action/showLinks?crossref=10.5962%2Fbhl.title.56234
http://www.journals.uchicago.edu/action/showLinks?crossref=10.5962%2Fbhl.title.56234
http://www.journals.uchicago.edu/action/showLinks?crossref=10.5962%2Fbhl.title.56234
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1071%2FZO03053
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2256278

62 THE QUARTERLY REVIEW OF BIOLOGY

Lake Superior, and its development, I, II, and III.
st 55:1-44, 115-140, 189-235.

Cooper W. S. 1926. The fundamentals of vegetational
change. Lgolooy 7:391-413.
Cornaby B. W. 1974. Carrion reduction by animals in
contrasting tropical habitats. Qiglehieg 6:51-63.
Cowles H. C. 1899. The ecological relations of the veg-
etation on the sand dunes of Lake Michigan. Bolgu:
idlngigils 27:95-117, 167-202, 281-308, 361-391.

Cowles H. C. 1901. The physiographic ecology of Chi-
cago and vicinity; a study of the origin, development,
and classification of plant societies. |u—G————
31:73-108.

Darwin C. 1858. On the tendency for species to form
varieties; and on the perpetuation of varieties and

species by natural means of selection. I. Extract from
an unpublished work on species. II. Abstract of a
letter from C. Darwin, Esq., to Prof. Asa Gray.

3:53-62.

Darwin C. 1859. On the Origin of Species by Means of Nat-
ural Selection or the Preservation of Favoured Races in the
Struggle for Life. London (United Kingdom): J. Mur-
ray.

Denno R. F., Cothran W. R. 1975. Niche relationships of
a guild of necrophagous flies. | NG
I GG:741-754.

Douglas R. 1875. Succession of species in forests. Horti-
culturist 30:138-140.

Douglas R. 1889. Succession of forest growths. Garden
and Forest 2:285-286.

Dupras T. L., Shultz J. J.,Wheeler S. M., Williams L. J.
2006. Forensic Recovery of Human Remains: Archaeolog-
ical Approaches. Boca Raton (Florida): Taylor and
Francis.

Dureau de la Malle A. J. C. A. 1825. Mémoire sur
I'alternance ou sur ce probléme: la succession alter-
native dans la reproduction des especes végétales
vivant en société, est-elle une loi générale de la na-
ture. Annales des Sciences Naturelles 1 5:353-381.

Early M., Goff M. L. 1986. Arthropod succession pat-
terns in exposed carrion on the island of Oahu,
Hawaiian islands. _ 25:
520-531.

Egerton F. N. 1983. The history of ecology: achieve-
ments and opportunities, part one. ol
iy 16:259-310.

Egerton F. N. 1985. The history of ecology: achieve-
ments and opportunities, part two.
imaeiiategy 18:103-143.

Egerton F. N. 2008. A history of the ecological sciences,

part 30: invertebrate zoology and parasitology dur-
g e 1700, I
89:407-433.

Egerton F. N. 2013. History of the ecological sciences,

part 45: ecological aspects of entomology during the

VoruMme 90

1500s. |, o> -

88.
Egerton F. N. 2014. History of the ecological sciences,

art 49: formalizing animal ecology, 1870s to 1920s.
T ——

Elton C. S. 1927. Animal Ecology. London (United King-
dom): Sidgwick & Jackson.

Elton C. S., Miller R. S. 1954. The ecological survey of
animal communities: with a practical system of clas-
sifying habitats by structural characters. Jougeglagl
Liology 42:460—496.

Farber P. L. 1982. The transformation of natural history
in the nineteeth century.
ogy 15:145-152.

Farrell T. M. 1991. Models and mechanisms of succes-
sion: an example from a rocky intertidal community.

I 61951 15.

Fiene J. G., Sword G. A., VanLaerhoven S. L., Tarone

A. M. 2014. The role of spatial aggregation in foren-
sic entomology.& 51:1-9.

Finn J. A. 2001. Ephemeral resource patches as model
systems for diversity-function experiments. Qikos 92:
363-366.

Fisher R. S., Platt M. S. 1993. History of forensic pathol-
ogy and related laboratory sciences. Pages 3-13 in
Medicolegal Investigation of Death, Third edition, ed-
ited by W. U. Spitz and R. S. Fisher. Springfield
(Ilinois): Charles C. Thomas.

Frederickx C., Dekeirsschieter J., Verheggen F. J., Hau-
bruge E. 2012. Responses of Lucilia sericata Meigen
(Diptera: Calliphoridae) to cadaveric volatile or-
ganic compounds. || NG 57386 —
390.

Fuller M. E. 1934. The insect inhabitants of carrion: a
study of animal ecology. Bulletin of the Council for
Scientific and Industrial Research (Australia) 82:5—62.

Giles H. A. 1924. The “Hsi Yiian Lu” or “Instructions to
Coroners.” Proceedings of the Royal Society of Medicine
17:59-107.

Gleason H. A. 1917. The structure and development of
the plant asociaion. [N

Club 44:463—48]1.

Gleason H. A. 1926. The individualistic concept of the
plant association. i
53:7-26.

Gleason H. A. 1927. Further views on the succession-
concept. Lgolgoy 8:299-326.

Gleason H. A. 1939. The individualistic concept of the
plant association. d 21:92—
110.

Goff M. L. 1993. Estimation of postmortem interval
using arthropod development and successional pat-
terns. Forensic Science Review 5:81-94.

Goff M. L. 2000. A Fly for the Prosecution: How Insect
FEvidence Helps Solve Crimes. Cambridge (Massachu-
setts): Harvard University Press.

Goff M. L., Odom C. B. 1987. Forensic entomology in

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fjmedent%2F23.5.520
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00132008
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00132008
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2479933
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00127959
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00127959
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1603%2FME13050
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2420377
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1931166
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1890%2F0012-9623-95.1.59
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F327796
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F327796
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2256872
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2256872
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1096-3642.1858.tb02500.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1096-3642.1858.tb02500.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2479596
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2479596
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00124700
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00124700
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Faesa%2F68.4.741
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Faesa%2F68.4.741
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1943001
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1890%2F0012-9623%282008%2989%5B407%3AAHOTES%5D2.0.CO%3B2
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1929332
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F330990
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1034%2Fj.1600-0706.2001.920219.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1890%2F0012-9623-94.1.36
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2989697
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1556-4029.2011.02010.x
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F328080

MAaRrcH 2015

the Hawaiian Islands: three case studies. Aduguicdd
] 8:45-50.
Goff M. L., Omori A. 1., Gunatilake K. 1988. Estimation
of postmortem interval by arthropod succession:
three case studies from the Hawaiian Islands. dger
9:220—-
225.

Greenberg B. 1985. Forensic entomology: case studies.
I 252

Greenberg B., Kunich J. C. 2002. Entomology and the Law:
Flies as Forensic Indicators. Cambridge (United King-
dom): Cambridge University Press.

Gurevitch J., Scheiner S. M., Fox G. A. 2006. The Ecology
of Plants. Second edition. Sunderland (Masschu-
setts): Sinauer Press.

Gwei-Djen L., Needham J. 1988. A history of forensic
medicine in China. iiedeslaiisete 32:357-400.
Haglund W. D., Sorg M. H. 1997. Forensic Taphonomy:
The Postmortem Fate of Human Remains. Boca Raton

(Florida): CRC Press.

Hanski I. 1987. Carrion fly community dynamics: patch-
iness, seasonality and coexistence. |
02y 12:257-266.

Hanzlick R. 2007. The conversion of coroner systems to

medical examiner systems in the United States: a lull
in the action. _
Badbalagy 28:279-283.

Hanzlick R., Combs D. 1998. Medical examiner and

coroner systems: history and trends. genssttimiiy
I 570

Hill M. F., Witman J. D., Caswell H. 2004. Markov chain
analysis of succession in a rocky subtidal community.
I | 64:E46-E61.

Hoermann von C., Ruther J., Ayasse M. 2012. The at-
traction of virgin female hide beetles (Dermestes
maculatus) to cadavers by a combination of decom-
position odour and male sex pheromones. Ligatex
damdaglagy 9:18.

Horn H. S. 1975. Markovian processes of forest succes-
sion. Pages 196211 in FEcology and Evolution of Com-
munities, edited by M. L. Cody and J. M. Diamond.
Cambridge (Massachusetts): Harvard University
Press.

Hult R. 1885. Blekinges vegetation. Ett bidrag till Vixt-
formationernas utvecklingshistorie. Medd. Soc. Fenn.
12:161-251.

Hult R. 1887. Die alpinen Pflanzenformationen des
Nordlichstens Finnlands. Medd. Soc. Fenn. 16:153.
Huntington E. 1920. The control of pneumonia and

influenzia by the weather. [golooy 1:6-23.

Ilingworth J. F. 1926. Insects attracted to carrion in
Southern California. Proceedings of the Hawaiian Ento-
mological Society 6:397—401.

Ives A. R. 1988. Aggregation and the coexistence of
competitors. Annales Zoologici Fennici 25:75—88.

Ives A. R. 1991. Aggregation and coexistence in a car-

rion fly community. | 61:75-94.

REWRITING ECOLOGICAL SUCCESSION HISTORY 63

Jaques H. E. 1915. The fish-feeding coleoptera of Cedar
Point. Ohio Naturalist 15:525-528.

Jentzen J. M. 2009. Death Investigation in America: Coro-
ners, Medical Examiners, and the Pursuit of Medical Cer-
tainty. Cambridge (Massachusetts): Harvard University
Press.

Johansen H., Solum M., Knudsen G. K., Hagvar E. B.,
Norli H. R., Aak A. 2014. Blowfly responses to semio-
chemicals produced by decaying carcasses. Aedeg/
I 2526 -5,

Johnson E. A., Miyanishi K. 2008. Testing the assump-
tions of chronosequences in succession. jalogimbdh
lers 11:419-431.

Johnson M. D. 1975. Seasonal and microseral variations
in the insect populations on carrion. passis
inbiniamaiiai 93:79-90.

Johnston W., Villeneuve G. 1897. On the medico-legal
application of entomology. Montreal Medical Journal
26:81-90.

Kingsland S. E. 2005. The Evolution of American Ecology,
1890-2000. Baltimore (Maryland): Johns Hopkins
University Press.

Kneidel K. A. 1984. Competition and disturbance in
communities of carrion-breeding Diptera. Jougghal
eeinisesiegy 53:849—-865.

Kneidel K. A. 1985. Patchiness, aggregation, and the
coexistence of competitors for ephemeral resources.
I | 0:441-448.

Krebs C. J. 2009. Ecology: The Experimental Analysis of
Distribution and Abundance. Sixth edition. San Fran-
cisco (California): Benjamin Cummings.

Lamb D., Easton S. M. 1984. Multiple Discovery: The Pat-
tern of Scientific Progress. Avebury (United Kingdom):
Avebury Publishing.

LaMotte L. R., Wells J. D. 2000. P-values for postmortem

intervals from arthroiod succession data. “

5:58-68.

Leclercq M., Quinet L. 1949. Quelques cas d’application
de I’entomologie a la détermination de I’époque de
mort. Annales d’hygiene publique et de médicine légale
29:324-326.

Linnaeus C. 1767. Systema naturae, per regna tria na-
turae: secundum classses, ordines, genera, species,
cum caracteribus, differentiis, synonymis, locis. 13th
edition, revision 1:533-1327.

MacArthur R. H., Wilson E. O. 1963. An equilibrium
theory of insular zoogeography. kueludeg 17:373—
387.

Maggi E., Bertocci S., Vaselli S., Benedetti-Cecchi L.
2011. Connell and Slatyer’s models of succession in
the biodiversity era. Lgolggy 92:1399-1406.

Mann R. W., Bass W. M., Meadows L. 1990. Time since
death and decomposition of the human body: vari-
ables and observations in case and experimental
field studies. Journal of Forensic Sciences 35:103-111.

Marleau J. N., Jin Y., Bishop J. G., Fagan W. F., Lewis

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fbesa%2F31.4.25
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1890%2F10-1323.1
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1943000
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1186%2F1742-9994-9-18
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1186%2F1742-9994-9-18
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2311.1985.tb00742.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1400631
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1400631
http://www.journals.uchicago.edu/action/showLinks?pmid=18341585&crossref=10.1111%2Fj.1461-0248.2008.01173.x
http://www.journals.uchicago.edu/action/showLinks?pmid=18341585&crossref=10.1111%2Fj.1461-0248.2008.01173.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1929252
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2FPAF.0b013e31815b4d5a
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2FPAF.0b013e31815b4d5a
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2F00000433-198809000-00009
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2F00000433-198809000-00009
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F422340
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F4663
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F4663
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fmve.12016
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fmve.12016
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1017%2FS0025727300048511
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2424107
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2424107
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2311.1987.tb01004.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2311.1987.tb01004.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2F00000433-198703000-00011
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1097%2F00000433-198703000-00011
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2407089
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1001%2Fjama.279.11.870
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1001%2Fjama.279.11.870

64 THE QUARTERLY REVIEW OF BIOLOGY

M. A. 2011. A stoichiometric model of early plant
primary succession. | 177:233-245.
Marquet P. A., Quinones R. A., Abades S., Labra F.,
Tognelli M., Arim M., Rivadeneira M. 2005. Scaling
and power-laws in ecological systems. jossinaialg

i 208:1749-1769.
McIntosh R. P. 1975. H. A. Gleason—“Individualistic

Ecologist” 1882-1975: his contributions to ecologi-
cal theory. 102:
253-273.

Mclntosh R. P. 1983. Excerpts from the work of L. G.
Ramensky. Bulletin of the Ecological Society of America
64:7-12.

Mclntosh R. P. 1985. The Background of Ecology: Concept
and Theory. Cambridge (United Kingdom): Cam-
bridge University Press.

McIntosh R. P. 1995. H. A. Gleason’s “individualistic
concept” and theory of animal communities: a con-
tinuing controversy. iy 70:317-357.

Mclntosh R. P. 1999. The succession of succession: a
lexical chronology. Bulletin of the Ecological Society of
America 80:256-265.

McKinnerney M. 1978. Carrion communities in the
northern Chihuahuan desert. | AR
23:563-576.

Mégnin J. P. 1883. L’application de I’entomologie a la
médecine 1égale. Gazette Hebdomadaire de Médecine et
de Chirurgie 29:480—-482.

Mégnin J. P. 1887. La faune des tombeaux. Comptes
Rendus Hebdomadaires des Séances de UAcadémie des Sci-
ences, Paris 105:948-951.

Mégnin J. P. 1889. Entomologie appliquée a la méde-
cine légale: a propos de la thése de M. Georges
Yovanovitch. Bulletin de la société de médecine légale de
France 21:249-251.

Meégnin |. P. 1894. La Faune des Cadavres: Application de
Uentomologie a la Médecine Légale. Encyclopédie Scien-
tifique des Aide-Mémoire. Paris (France): Gauthier-
Villars.

Merton R. K. 1961. Singletons and multiples in scientific
discovery: a chapter in the sociology of science. Pro-
ceedings of the American Philosophical Society 105:470—
486.

Michaud J.-P., Moreau G. 2009. Predicting the visitation
of carcasses by carrion-related insects under differ-
ent rates of degree-day accumulation. jssssssss
iesiene 185:78-83.

Michaud ].-P., Moreau G. 2011. A statistical approach
based on accumulated degree-days to predict
decomposition-related processes in forensic studies.
|, 56:229-232.

Michaud J.-P., Moreau G. 2013. Effect of variable rates of
daily sampling of fly larvae on decomposition and
carrion-insect community assembly: implications for
forensic entomology field study protocols. Jeuglel

I 50:800—897.
Michaud J.-P., Majka C. G., Privé J.-P., Moreau G. 2010.

VoruMme 90

Natural and anthropogenic changes in the insect
fauna associated with carcasses in the North Ameri-
can Maritime lowlands.

202:64-70.

Michaud J.-P., Schoenly K. G., Moreau G. 2012. Sam-
pling flies or sampling flaws? Experimental design
and inference strength in forensic entomology. Jow:
I O:1-10.

Molles M. C. Jr. 2013. Ecology: Concepts and Applications.
Sixth edition. New York: McGraw-Hill.

Moore B. 1920. The scope of ecology. Lgglogy 1:3-5.

Morley C. 1907. Ten years’ work among vertebrate car-
rion. The Entomologist’s Monthly Magazine 43:45-51.

Motter M. G. 1898. A contribution to the study of the
fauna of the grave. A study of one hundred and fifty
disinterments, with some additional experimental
observations. Journal of the New York Entomological So-
ciely 6:201-231.

Moura M. O., Monteiro-Filho E. L. A., Carvalho C. ]. B.
2005. Heterotrophic succession in carrion arthro-
pod assemblages.
sichaglagy 48:477-486.

Munroe E. 1948. The Geographical Distribution of Butterflies
in the West Indies. PhD diss., Cornell University.

Nabaglo L. 1973. Participation of invertebrates in de-
composition of rodent carcasses in forest ecosys-
tems. Ekologia Polska 21:251-270.

National Research Council. 2009. Strengthening Forensic
Science in the United States: A Path Forward. Washington
(DC): National Academies Press.

Niezabitowski von E. 1902. Experimentelle beitrage zur
lehre von der leichenfauna. Vierteljahrsschrift fiir
gerichtliche Medizin und offentliches Sanitditswesen 1:2—8.

Nuorteva P., Isokoski M., Laiho K. 1967. Studies on the
possibilities of using blowflies (Dipt.) as medicolegal
indicators in Finland. 1. Report of four indoor cases
from the city of Helsinki. Annales Entomologici Fennici
33:217-225.

Orfila M. J. B., Lesueur M. O. 1831. Traité des Exhuma-
tions Juridiques et Considérations sur les Changements
Physiques que les Cadavres éprouvent en se Pourrissant
dans la Terre, dans Ueau, dans les Fosses d'aisance et dans
le Fumier. Paris (France): Béchet Jeune.

Parmenter R., MacMahon J. A. 2009. Carrion decompo-
sition and nutrient cycling in a semiarid shrub-
steppe ecosystem. | NG 79:637-661.

Payne J. A. 1965. A summer carrion study of the baby pig
Sus scrofa Linnaeus. [golgoy 46:592-602.

Payne J. A., King E. W. 1972. Insect succession and
decomposition of pig carcasses in water. Journal of the
Georgia Entomological Society 7:153-162.

Payne J. A., King E. W, Beinhart G. 1968. Arthropod
succession and decomposition of buried pigs. Nalue
291:1180-118]1.

Pechal J. L., Benbow M. E., Crippen T. L., Tarone A. M.,
Tomberlin J. K. 2014. Delayed insect access alters

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.1890%2F08-0972.1
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1590%2FS1516-89132005000300018
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1590%2FS1516-89132005000300018
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3671178
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2010.04.028
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F658066
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2484142
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2008.12.015
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2008.12.015
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1603%2FME12200
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1603%2FME12200
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1934999
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1038%2F2191180a0
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1603%2FME10229
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1603%2FME10229
http://www.journals.uchicago.edu/action/showLinks?pmid=15855405&crossref=10.1242%2Fjeb.01588
http://www.journals.uchicago.edu/action/showLinks?pmid=15855405&crossref=10.1242%2Fjeb.01588
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1929251
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1469-185X.1995.tb01069.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1556-4029.2010.01559.x

MAaRrcH 2015

carrion decomposition and necrophagous insect
community assembly. Fcosphere 5:art45.

Perez A. E., Haskell N. H., Wells J. D. 2014. Evaluating
the utility of hexapod species for calculating a con-
fidence interval about a succession based postmor-
tem interval estimate.

241:91-95.

Peters R. H. 1991. A Critique for Ecology. Cambridge
(United Kingdom): Cambridge University Press.
Pickett S. T. A. 1976. Succession: an evolutionary inter-

pretation. |GG 110:107-119.

Pickett S. T. A. 1989. Space-for-time substitution as an
alternative to long-term studies. Pages 110-135 in
Long-Term Studies in Ecology: Approaches and Alterna-
tives, edited by G. E. Likens. New York: Springer-
Verlag.

Pickett S. T. A., Collins S. L., Armesto J. J. 1987. Models,
mechanisms and pathways of succession. Ralguiea!
Baugy 53:335-371.

Pickett S. T. A., Cadenasso M. L., Meiners S. J. 2009.
Ever since Clements: from succession to vegetation
dynamics and understanding to intervention. 44hked
i—12:0-21.

Poole R. W. 1974. An Introduction to Quantitative Ecology.
New York: McGraw-Hill.

Pound R., Clements F. E. 1898. The Phytogeography of
Nebraska. [1977 reprint.] New York: Arno Press.

Prach K., Walker L. R. 2011. Four opportunities for

studies of ecological succession. | NNNNINIGE
maluley 26:119-123.

Putnam R. J. 1978a. Patterns of carrion dioxide evolu-
tion from decaying carrion decomposition of small
mammal carrion in temperate systems 1. Qs 31:
47-57.

Putnam R. J. 1978b. Flow of energy and organic matter
from a carcass during decomposition: decomposi-
tion of small mammal carrion in temperate systems
2. Qikos 31:58-68.

Ramensky L. G. 1924. Basic regularities of vegetation
cover and their study. Véstnik Opytnogo dela Stredne-
Chernoz. Ob., Voronezh 37-73. (In Russian.)

Redi F. 1668. Esperienze intorno alla generazione deglinsetti.
Florence (Italy): All'Insegna della Stella.

Reed H. B. Jr. 1958. A study of dog carcass communities
in Tennessee, with special reference to the insects.

59:213-245.

Reinhard H. 1882. Beitrige zur Graberfauna. Verhand-
lungen der Kaiserlich-Koniglichen Zoologische-Botanischen
Gesellschaft in Wien 31:207-210.

Rennie R. 1810. Essays on the Natural History and Origin of
Peat Moss. Edinburgh (United Kingdom): George
Ramsey and Company.

Renvall P. 1995. Community structure and dynamics of
wood-rotting Basidiomycetes on decomposing coni-
fer trunks in northern Finland. Karstenia 35:1-51.

Saks M. J., Koehler ]. J. 2005. The coming paradigm shift

REWRITING ECOLOGICAL SUCCESSION HISTORY 65

in forensic identification science. Sgiguge 309:892—
895.

Schoenly K. 1991. Food web structure in dung and
carrion arthropod assemblages, null models and
Monte Carlo simulation: application to medical/vet-
erinary entomology. Journal of Agricultural Entomology
8:227-249.

Schoenly K. 1992. A statistical analysis of successional
patterns in carrion-arthropod assemblages: implica-
tions for forensic entomology and determination of
the postmortem interval. | NENEGGEEE
37:1489-1513.

Schoenly K., Cohen J. E. 1991. Temporal variation in
food web structure: 16 empirical cases. Sgalogieg!
Adaiegighls 61:267-298.

Schoenly K., Reid W. 1987. Dynamics of heterotrophic
succession in carrion arthropod assemblages: dis-
crete seres or a continuum of change? Qecalagig 73
192-202.

Schoenly K., Goft M. L., Wells J. D., Lord W. D. 1996.
Quantifying statistical uncertainty in succession-
based entomological estimates of the postmortem
interval in death scene investigations: a simulation
study. [INEG 42:106-112.

Schoenly K., Haskell N. H., Hall R. D., Gbur J. R. 2007.
Comparative performance and complementarity of
four sampling methods and arthropod preference
tests from human and porcine remains at the Foren-

sic Anthropology Center in Knoxville, Tennessee.
[

Shirley N. R., Wilson R. J., Jantz L. M. 2011. Cadaver use
at the University of Tennessee’s Anthropological Re-
search Facility. (iiiniamm 24:372-380.

Simberloff D. 1980. A succession of paradigms in ecol-
ogy: essentialism to materialism and probabilism.
Salbes 43:3-39.

Slade E. M., Mann D. J., Villanueva J. F., Lewis O. T.
2007. Experimental evidence for the effects of dung
beetle functional group richness and composition
on ecosystem function in a tropical forest. Jougaglel
eesinisesingy 76:1094-1104.

Smith C. R., Baco A. R. 2003. Ecology of whale falls at
the deep-sea floor. Oceanography and Marine Biology:
An Annual Review 41:311-354.

Smith S. 1951. The history and development of forensic
medicine. |GGG 1951:599-607.
Smith T. M., Smith R. L. 2012. Elements of Ecology. Eighth
edition. San Francisco (California): Pearson Benja-

min Cummings.

Solow A. R., Smith W. K. 2006. Using Markov chain

successional models backwards. |EG__—————
Lcolgoy 43:185-188.

Stiling P. 2002. Ecology: Theories and Applications. Upper
Saddle River (New Jersey): Prentice Hall.

Sung T. 1981. The Washing Away of Wrongs: Forensic Med-
icine in Thirteenth-Century China. Translated by B. E.

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM

All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2937109
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2937109
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF02858321
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF02858321
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1136%2Fbmj.1.4707.599
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2422385
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fae%2F42.2.106
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2664.2005.01127.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2664.2005.01127.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.tree.2010.12.007
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.tree.2010.12.007
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1002%2Fca.21154
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1126%2Fscience.1111565
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3543384
http://www.journals.uchicago.edu/action/showLinks?pmid=1453164
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00377507
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1654-109X.2009.01019.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1654-109X.2009.01019.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fjmedent%2F44.5.881
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2014.05.007
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3543383
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2FBF00413854
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F283051
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2656.2007.01296.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2656.2007.01296.x

66 THE QUARTERLY REVIEW OF BIOLOGY

McKnight. Ann Arbor (Michigan): Center for Chi-
nese Studies, University of Michigan.

Tansley A. G. 1935. The use and abuse of vegetational
terms and concepts. Jigolooy 16:284-307.

Tantawi T. I, el-Kady E. M., Greenberg B., el-Ghaffar
H. A. 1996. Arthropod succession on exposed rabbit
carrion in Alexandria, Egypt. | NG

Llaoy 33:566-580.
Thoreau H. D. 1860. The Succession of Forest Trees; and

Wild Apples. An address read to the Middlesex Agri-
cultural Society, Concord (Massachusetts).

Tibbett M., Carter D. O. 2009. Research in forensic
taphonomy: a soil-based perspective. Pages 317-331
in Criminal and Environmental Soil Forensics, edited by
K. Ritz, L. Dawson, and D. Miller. New York:
Springer.

Tilman D. 1985. The resource-ratio hypothesis of plant
succession. GGG 125:327-852.

Tobey R. C. 1981. Saving the Prairies: The Life Cycle of the
Founding School of American Plant Ecology, 1895-1955.
Berkeley (California): University of California Press.

Tomberlin J. K., Benbow M. E., Tarone A. M., Mohr

R. M. 2011a. Basic research in evolution and ecolo
enhances forensics. d
26:53-55.

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

basic and applied research in forensic entomology.
I 12!

Valiela I. 1974. Composition, food webs and population

limitation in dung arthropod communities durin
invasion and succession. H
92:370-385.

VanLaerhoven S. L. 2008. Blind validation of postmor-
tem interval estimates using developmental rates of
blow flies. 180:76-80.

VanLaerhoven S. L. 2010. Ecological theory and its ap-
plication to forensic entomology. Pages 493-517 in
Forensic Entomology: The Utility of Arthropods in Legal
Investigations, Second edition, edited by J. H. Byrd
and J. L. Castner. Boca Raton (Florida): CRC Press.

Vass A. A. 2012. Odor mortis.

222:234-241.

Vass A. A., Bass W. M., Wolt J. D., Foss J. E., Ammons
J. T. 1992. Time since death determinations of hu-
man cadavers using soil solutions. J—G—G——————
Sieuges 37:1236-1253.

Villet M. H. 2011. African carrion ecosystems and their

VoruMme 90

insect communities in relation to forensic entomol-
ogy. Pest Technology 5:1-15.

Walker L. R., Wardle D. A., Bardgett R. D., Clarkson
B. D. 2010. The use of chronosequences in studies of
ecological succession and soil development. Jogug/
alalacalagy 98:725-736.

Wallace A. R. 1858. On the tendency for species to form
varieties; and on the perpetuation of varieties and
species by natural means of selection. III. On the
tendency of varieties to depart indefinitely from the
original type. Journal of the Proceedings of the Linnean
Society of London Zoology 3:53—62.

Warming J. E. B. 1891. De psammophile Formationer i
Danmark. Vidensk. Medd. Naturh. For. Copenhagen
(Dansk Naturhist. Forening) 1891:153-202.

Watt A. S. 1947. Pattern and process in the plant com-
munity. e 35:1-22.

Wells J. D., LaMotte L. R. 1995. Estimating maggot age
from weight using inverse prediction. gl

Nt sisigs 40:585-590.
Weslien J., Djupstréom L. B., Schroeder M., Widenfalk O.

2011. Long-term priority effects among insects and
fungi colonizing decaying wood. |}
Liology 80:1155-1162.

Whittaker R. H. 1953. A consideration of the climax
theory: the climax as a population and pattern. Lo
— 4175,

Willard D. E. 1980. Ecologists, environmental litigation,
and forensic ecology. Bulletin of the Ecological Society of
America 61:14-18.

Worster D. 1994. Nature’s Economy: A History of Ecological
Ideas. Second edition. Cambridge (United King-
dom): Cambridge University Press.

Wu J., Loucks O. L. 1995. From balance of nature to
hierarchical patch dynamics: a paradigm shift in
ecology. I NNNENEGE 70:439 - 466.

Yang L. H. 2006. Interactions between a detrital re-
source pulse and a detritivore community. Qecalagig
147:522-532.

Yang L. H., Bastow J. L., Spence K. O., Wright A. N.
2008. What can we learn from resource pulses? [col
ogy 89:621-634.

Yovanovitch G. P. 1888. Entomologie Appliquée a la Médi-
cine Légale. Paris (France): Ollier-Henry.

Handling Editor: Daniel Dykhuizen

This content downloaded from 139.103.226.122 on November 23, 2017 07:24:50 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2012.06.006
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F284382
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2656.2011.01860.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2656.2011.01860.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs00442-005-0276-0
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.tree.2010.12.001
http://www.journals.uchicago.edu/action/showLinks?pmid=18459327&crossref=10.1890%2F07-0175.1
http://www.journals.uchicago.edu/action/showLinks?pmid=18459327&crossref=10.1890%2F07-0175.1
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2424302
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2256497
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fjmedent%2F33.4.566
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Fjmedent%2F33.4.566
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1520%2FJFS13311J
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1520%2FJFS13311J
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F419172
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1943519
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1943519
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2745.2010.01664.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2745.2010.01664.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1146%2Fannurev-ento-051710-103143
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1930070
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.forsciint.2008.07.002
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1520%2FJFS13830J
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1520%2FJFS13830J

