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ABSTRACT Determining the time of colonization of human or other animal remains by blow flies
(Diptera: Calliphoridae) can play an important role in criminal investigations. However, blow fly pres-
ence in a given area is strongly influenced by abiotic and biotic variables such as temperature and habitat.
We wanted to assess the biodiversity of adult blow flies in New Jersey, USA, where very little is known
about these taxa. Toward that end we collected adult blow flies biweekly from traps baited with bovine
liver and placed across three regions in New Jersey over a 2-yr period (2011–2013). We collected and
identified 9,257 adult calliphorids, comprising six genera and 12 species. Blow fly assemblages composed
of these species varied by season, but community composition did not vary among regions within a given
season. Three species, Lucilia coeruleiviridis (Macquart), Lucilia sericata (Meigen), and Phormia regina
(Meigen) comprised 88.5% of all adult blow flies collected (42.6, 25.9, 20.0%, respectively). Combining
all regions, the dominant species for both spring and summer was L. coeruleiviridis comprising 35.1% of
all adults caught in spring and 64.1% in summer. P. regina was the dominant species in fall, totaling
40.1% of all adults caught and Calliphora vicina (Robineau-Desvoidy) was the dominant species for
winter, totaling 44.8% of all adults caught. Our findings provide the first assessment of blow fly
communities in New Jersey, and these results can be applied to surrounding states where data are
severely lacking for forensic application.

KEY WORDS forensic entomology, community composition, Lucilia coeruleiviridis, Lucilia sericata,
Phormia regina

One of the most important instances in which insects
can benefit criminal investigations is the determination
of the time of colonization of human or animal remains
by blow flies (Diptera: Calliphoridae), which can subse-
quently be used to predict a minimum postmortem in-
terval (m-PMI) when assuming colonization after death
or that larvae did not migrate from another food source
to the corpse (Greenberg 1991, Amendt et al. 2004).
However, the presence of a specific blow fly species in
a given area is influenced by many abiotic and biotic
variables such as temperature and habitat. Knowing
which species are present in particular areas is vital, as
this information can be used to determine the m-PMI
or be indicative of movement of the remains (Catts and
Goff 1992). Consequently, surveys of adult blow flies
are important, as they provide a reliable record of their

potential community composition and species abun-
dance at a given point in time.

Although the development time of blow fly larvae is
commonly used in determining when insect coloniza-
tion occurred, understanding patterns of blow fly adult
arrival to carcasses can also help in this determination,
and potentially that of body placement (Mohr and
Tomberlin 2014). Mohr and Tomberlin (2014) found
that when investigating blow fly adult arrivals to swine
carcasses, time of day was a significant predictor of the
dominant blow fly species in Texas, across seasons.
Because of the different temperature ranges and envi-
ronmental conditions associated with seasons, blow fly
arrival to a carcass can be profoundly influenced by
these divisions of the year.

Seasons have long been known to affect blow fly spe-
cies abundance and community composition such that
cooler temperatures during fall and winter result in
lower blow fly abundance, and warmer temperatures
during spring and summer result in increased blow fly
numbers (Deonier 1940, Cruickshank and Wall 2002,
Tenorio et al. 2003, Gruner et al. 2007, Sabanoğlu and
Sert 2010, Brundage et al. 2011, Benbow et al. 2013,
Mohr and Tomberlin 2014). In addition to season, geo-
graphic location can also influence blow fly communi-
ties. For example, some species such as Cynomya
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cadaverina Robineau-Desvoidy, Calliphora vomitoria
(L.), and Lucilia sericata (Meigen) are widespread
throughout the USA while other species such as Lucilia
mexicana Maquart and Calliphora graham Aldrich are
typically found in distinct geographic locations in the
USA (south and west, respectively; Whitworth 2006,
Marshall et al. 2011).

Presently, very little is known about blow fly distribu-
tion and diversity in the northeastern USA (such as
New Jersey), as most studies have focused on the
southern, Mid-western, and western USA including Ar-
izona (Deonier 1942), Virginia (Tabor et al. 2004), Lou-
isiana (Watson and Carlton 2005), Texas (Tenorio et al.
2003, Mohr and Tomberlin 2014), Michigan (Tarone
and Foran 2006, Zurawski et al. 2009), and California
(Brundage et al. 2011). New Jersey is environmentally
diverse with regional variation in human population
densities and environment characteristics. For example,
the northwest corner of New Jersey is categorized as
the Ridge and Valley ecoregion and moving southeast
throughout the state there are also Northeastern High-
lands, Northern Piedmont, Middle Atlantic Coastline
Plain, and Atlantic Coastal Pine Barren ecoregions
(Woods et al. 2007). Such diversity in habitats allows
for various blow fly species to be present (Hall 1948,
Richards and Goff 1997, Anderson 2011, Tomberlin
and Benbow 2015).

The objective of this study was to identify the blow
fly species found in New Jersey as well as their abun-
dance and community composition across regions and
seasons. The adult blow flies collected in these traps
were analyzed because previous studies have shown
that adults collected in traps baited with bovine liver
were a valid approach to survey forensically important
Calliphoridae (Brundage et al. 2011). Because factors
such as temperature and habitat are known to influ-
ence blow fly activity and distribution (Gruner et al.
2007, Sabanoğlu and Sert 2010, Brundage et al. 2011),
we hypothesized that community composition, species
richness, and diversity would be significantly different
across different geographical regions and season. These
findings can be used to aid in criminal investigations lo-
cally and in the surrounding area.

Materials and Methods

Study Sites. Six sites across New Jersey were sur-
veyed for blow flies over a 2-yr period (September
2011–August 2013; Fig. 1). Sites were categorized into
three regions (north, central, and south) based on a
combination of quantitative similarities in latitude, ele-
vation, and population density and qualitative assess-
ment of land use; the closest adjacent sites were
�24 km apart, and the most distant sites were sepa-
rated by 164 km. Distance between traps in each site
ranged from 51–1,717 m, site elevation ranged from
14.3–256.9 m, and population density varied from
�116–1,012 persons per square kilometer (ppsk; U.S.
Census Bureau 2010). The north region consisted of
sites in Branchville, NJ (41� 10018.3800 N, 74� 50042.2100

W) and Pittstown, NJ (40� 33032.1900 N, 74� 57035.3800

W), and was composed primarily of hardwood forest

and open farmland at a mean (6 SE) elevation of
217.7 6 15.3 m and a population density ranging from
111–116 ppsk. The central region consisted of sites in
New Brunswick, NJ (40� 28045.4400 N, 74� 25044.6900

W) and Princeton, NJ (40� 20027.4600 N, 74� 39004.3600

W) at a mean elevation of 27.5 6 2.9 m and a popula-
tion density ranging from 630–1012 ppsk. Lastly, the
south region consisted of sites in Cream Ridge, NJ (40�

07000.4800 N, 74� 31018.0400 W) and Chatsworth, NJ
(39� 42052.1600 N, 74� 30040.4500 W) and had a high
concentration of pine forests and sandy farmlands
located at a mean elevation of 19.9 6 2.5 m and a popu-
lation density ranging from 217–519 ppsk.

Collection Technique. A preliminary experiment
was conducted for 5 mo (April through to August 2011)
to determine the appropriate length of time to leave
out the baited traps. We found that �7.2–30.3 accumu-
lated degree days (ADD; Base-10�C) was a sufficient
length of time to capture adults, eggs, and larvae of ini-
tial colonizers. This base temperature was chosen
because it is a commonly used value in blow fly devel-
opment, especially with warmer month species, which
make up the majority of this collection; this tempera-
ture was held constant throughout the 2-yr period for
comparison purposes (Deonier 1940, Wall et al. 1992).
Four baited traps were deployed at each of the six sites
biweekly for a length of 1–7 d, averaging 16.56 0.9
ADD (Base-10�C).

Each trap consisted of a Ziploc Double Zipper
Heavy Duty Freezer Gallon Bag (26.8 by 27.3 cm2;
S.C. Johnson & Son Inc., Racine, WI) with a plastic
cone trap taken from a RESCUE! Disposable Fly Trap
(Model # FTD-DB12, Sterling International, Inc. Spo-
kane, WA) and held in place with binder clips. Within
each trap �50–60 g bovine liver was added on top of
half a paper towel. Liver was obtained from Bringhurst
Meats in southern New Jersey. Each trap was sus-
pended from a tree branch in order to reduce the risk
of predation. Trap heights ranged from 1.45–2.45 m,
with an average height (6 SE) of 1.83 6 0.10 m. When
the traps were collected, the plastic cone top was
removed; the bag was sealed and taken back to the lab-
oratory in New Brunswick, New Jersey. For each trap,
we recorded if it contained adults, larvae, and eggs.

Identification. Adult identifications were made
based on morphological characteristics using the keys
of Whitworth (2006), Marshall et al. (2011) and Jewiss-
Gaines et al. (2012). Voucher specimens were sent to
Dr. Terry Whitworth at Washington State University
for verification and voucher specimens were also
deposited into the Rutgers University Entomological
Museum located on Cook Campus, New Brunswick,
New Jersey.

Data Analysis. Blow fly communities were ana-
lyzed both by region and season. Seasons were defined
by the calendar year and temperature (Table 1); spring
(March–May), summer (June–August), fall (Septem-
ber–November), and winter (December–February).
We were interested in examining if temperature dif-
fered by region and season. Temperature values were
not normally distributed and could not be
appropriately transformed; therefore, Kruskal–Wallis
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Fig. 1. Map of New Jersey with labeled study sites.

Table 1. The mean temperature (�C) and mean precipitation (cm) for each region when traps were in the field from 2011–2013
(6SE)

Month North Central South

Avg. temp. Avg. ppt. Avg. temp. Avg. ppt. Avg. temp. Avg. ppt.

Jan. 1.15 6 0.81 0.47 6 0.15 3.57 6 0.67 0.36 6 0.12 4.41 6 0.80 0.47 6 0.13
Feb. �1.09 6 0.45 0.12 6 0.05 2.78 6 0.54 0.16 6 0.05 2.10 6 0.57 0.18 6 0.06
Mar. 7.08 6 1.15 1.25 6 0.75 8.94 6 1.12 0.22 6 0.09 7.92 6 0.92 0.20 6 0.07
April 10.08 6 0.76 0.09 6 0.04 12.17 6 0.73 0.08 6 0.05 11.25 6 0.78 0.06 6 0.04
May 16.11 6 0.87 0.33 6 0.09 17.65 6 0.91 0.38 6 0.10 17.13 6 0.93 0.19 6 0.06
June 19.67 6 0.75 1.21 6 0.43 21.21 6 0.70 0.60 6 0.31 21.25 6 0.81 0.28 6 0.09
July 22.88 6 0.44 0.43 6 0.24 24.54 6 0.52 0.69 6 0.39 23.36 6 0.59 0.30 6 0.13
Aug. 21.49 6 0.39 0.19 6 0.10 23.30 6 0.33 0.48 6 0.28 22.58 6 0.43 0.10 6 0.09
Sept. 18.04 6 0.70 1.35 6 0.40 21.31 6 0.56 0.66 6 0.23 20.75 6 0.84 0.61 6 0.22
Oct. 12.47 6 0.63 0.20 6 0.10 13.72 6 0.56 0.16 6 0.10 12.66 6 0.54 0.14 6 0.07
Nov. 5.33 6 0.64 0.05 6 0.03 7.09 6 0.65 0.04 6 0.03 6.34 6 0.65 0.05 6 0.03
Dec. 1.45 6 0.53 0.54 6 0.19 4.70 6 0.56 0.52 6 0.14 4.84 6 0.55 0.63 6 0.21
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one-way analyses of variance (ANOVA) were conducted
to determine regional and seasonal differences, fol-
lowed by a Wilcoxon Rank-Sum test when Kruskal–
Wallis results were statistically significant (P< 0.05).

We then calculated the relative abundance, species
richness, and Shannon diversity index (H) for each sea-
son based on region. For the same reason described
above, Kruskal–Wallis one-way ANOVA were con-
ducted to determine regional and seasonal differences
in the relative abundance of the seven most common
species by trap (those comprising > 1% of the total col-
lection), followed by a Wilcoxon Rank-Sum test when
Kruskal–Wallis results were statistically significant
(P< 0.05). Species richness however, was approxi-
mately normally distributed and therefore one-way
ANOVA were performed to determine regional and
seasonal differences, followed by a Tukey HSD when
the ANOVA results were statistically significant
(P< 0.05). Diversity values were not normally distrib-
uted and therefore were analyzed using the same
method as relative abundance. Prior to analyzing spe-
cies composition, rare taxa (those comprising <1% of
the total collection) and any sample collection period
where the total collection consisted of zero or a single
individual were removed. Blow fly community compo-
sition (based on counts) was initially analyzed using
nonmetric multidimensional scaling (NMDS). Addi-
tionally we used multi-response permutation proce-
dures (MRPP) with Bonferroni corrections for multiple
pairwise comparisons (McCune and Grace 2002), fol-
lowed by indicator species analysis (ISA) which fol-
lowed the general methods of Dufrene and Legendre
(1997). An indicator value displays the taxon or taxa
that are considered the best predictor of that season
with a value of 0 showing no indication and a value of
100 showing perfect indication. Analyses were con-
ducted using R 3.1.2 (R Core Team 2014) and JMP 10
(SAS Institute Inc. 2012).

Results

Species Richness and Diversity. A total of 9,257
blow fly specimens were collected and identified to
species. These specimens consisted of 12 species across
six genera (Table 2). The central region had the highest
total number of adult blow flies captured during the
survey (4,688), followed by the southern (3,330) and
northern (1,239) regions. There was a significant differ-
ence in temperatures between seasons (H¼ 682.60,
df¼ 3, P< 0.001), but there were no significant differ-
ences in regional temperatures in fall (H¼ 5.13, df¼ 2,
P¼ 0.077) or spring (H¼ 3.27, df¼ 2, P¼ 0.194). Sig-
nificant differences were found between regional tem-
peratures in summer (H¼ 9.83, df¼ 2, P¼ 0.007) and
winter (H¼ 46.46, df¼ 2, P< 0.001). Summer temper-
atures from the south region were not significantly dif-
ferent compared to the central or north region
(P> 0.05). However, significant differences in tempera-
tures were present in the summer between the north
and central region (P¼ 0.002) with central being
warmer. In the winter, there were no significant differ-
ences in temperature between the central and south

region (P> 0.05) while the north region was signifi-
cantly colder in comparison to both the central region
(P< 0.001) and the south region (P< 0.001). The cen-
tral region had the highest number of blow flies col-
lected in the spring and fall, while the south region had
the highest number of blow flies collected in the
summer and winter. Although the central region had
higher temperatures in the summer, it also had higher
precipitation averages.

Relative abundance was compared across each
region based on season and it was determined that spe-
cies composition varied among each region for each
season (Fig. 2). Along with abundance, dominant spe-
cies varied across region during each season. The domi-
nant species in the north region during spring were
Calliphora livida Hall (34.4%), C. vicina (17.7%), and
Calliphora vomitoria (L.) (21.8%), the central region
consisted of Lucilia coeruleiviridis (Macquart) (17.9%),
Lucilia sericata (Meigen) (23.2%), and Phormia regina
(36.5%), and the south region was predominantly
L. coeruleiviridis (70.0%). During summer, L. coerulei-
viridis (66.0%) and P. regina (15.8%) were dominant in
the north, L. coeruleiviridis (29.0%) and L. sericata
(62.3%) in central, and L. coeruleiviridis (91.5%) in
south. In the fall, P. regina (59.3%) was dominant in
the north, L. sericata (51.1%) and P. regina (36.1%) in
central, and L. coeruleiviridis (39.3%) and P. regina
(45.8%) in south. Lastly, in winter C. vicina (100%)
was dominant in the north, P. regina (27.4%) and
C. vicina (45.5%) in central, and C. vicina (37.5%),
C. vomitoria (25.0%), and Cynomya cadaverina (Rob-
ineau-Desvoidy) (31.3%) in south (Fig. 2).

Blow fly species richness did not differ significantly
between regions (F¼ 1.188, df¼ 2, P¼ 0.328), but did
differ significantly between seasons (F¼ 25.001, df¼ 3,
P< 0.001). Species richness was highest in the spring
for all regions but did not differ significantly from
summer or fall (P> 0.05). Winter had significantly
lower richness compared to spring (P< 0.001), summer
(P< 0.001), and fall (P¼ 0.003; Fig. 3). There was no
significant difference in diversity between regions
(P> 0.05) or seasons (P¼ 0.052). Although there were
larger numbers collected during the summer, (n¼ 557,
n¼ 1,643, n¼ 2,044, north, central, and south respec-
tively) and more species overall, two species accounted

Table 2. Total number and percentage of Calliphoridae species
collected in New Jersey from September 2011 through August
2013

Genus Species Total collected Percent (%)

Calliphora vomitoria 201 2.2
vicina 392 4.2
livida 207 2.2

Phormia regina 1855 20.0
Lucilia sericata 2400 25.9

coeruleiviridis 3943 42.6
illustris 43 0.5
silvarum 1 <0.1

Cochliomyia macellaria 5 0.1
Pollenia rudis 31 0.3

pediculata 62 0.7
Cynomya cadaverina 117 1.3
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for more than 60% of all blow flies collected in those
regions; L coeruleiviridis (66.0%) in north, L. sericata
(62.3%) in central and L. coeruleiviridis (91.5%) in
south.

Community Assemblage. The global model of
blow fly communities indicated a significant difference
among regions, but the Bonferroni adjusted P-values
from the pairwise comparisons did not identify
any significant differences between central and north
(MRPP: A¼ 0.020, P¼ 0.108), central and south
(MRPP: A¼ 0.021, P¼ 0.099), and north and
south (MRPP: A¼< �0.001, P¼ 1.000; Fig. 4a). How-
ever, blow fly communities differed between fall and
spring (MRPP: A¼ 0.035, P¼ 0.012), fall and summer
(MRPP: A¼ 0.078, P¼ 0.006), spring and summer
(MRPP: A¼ 0.108 P¼ 0.006), spring and
winter (MRPP: A¼ 0.081, P¼ 0.006) and summer and
winter (MRPP: A¼ 0.141, P¼ 0.006), while no differ-
ence was found between fall and winter communities
(MRPP: A¼ 0.024, P¼ 0.378; Fig.4b). Multiple species
were shown to be indicators of spring (with C. livida
being the strongest), and the only indicator for summer
was L. coeruleiviridis with no indicator species found
for fall and winter (Table 3). Only one regional indica-
tor species was found, which was L. sericata for the
central region (Table 3).

Calliphora vomitoria, C. vicina, C. livida, P. regina,
L. sericata, L. coeruleiviridis, and C. cadaverina were
the seven most common (>1% of total collection) blow
flies species during the present study (Table 2). All of
these species had significant differences in their

relative abundance between seasons, while P. regina,
L. sericata, and L. coeruleiviridis had significant differ-
ences between regions as well (Table 4). Calliphora
vomitoria and C. livida had differences between spring
and all other seasons, while P. regina had differences
between all seasons excluding fall and spring (Table 4).
Lucilia sericata populations differed significantly
between central, north and south regions during spring
(23.2, 1.8, and 1.8%, respectively), summer (62.3, 4.3,
and 2.8%, respectively) and fall (51.1, 8.1, and 4.2%,
respectively) collections (Table 4). Lucilia coeruleiviri-
dis had larger populations in the south region in com-
parison to north and central during spring (70.1, 5.8,
and 17.9%, respectively), summer (91.5, 66.4, and
29.34%, respectively), and fall (39.3, 6.32, and 10.8%,
respectively). However, abundance only differed signifi-
cantly between the north and central and north and
south regions.

Discussion

The present study is the first to examine blow fly
communities continuously for 2 yr in New Jersey. Using
traps baited with bovine liver, a total of 12 blow fly spe-
cies were collected across the state. Lucilia coeruleiviri-
dis, L. sericata, and P. regina were the dominant blow
fly species found, totaling 88.5% of capture, 42.6, 25.9,
and 20.0% of capture, respectively. Blow fly commun-
ities were shown to differ in comparisons between all
seasons, with the exception of fall and winter. In gen-
eral these findings were consistent with previous

Fig. 2. Relative abundance on overall totals of blow flies in each region (north, central, south) based on season. Shown
are (a) spring populations (n¼ 395, n¼ 1,137, n¼ 888, respectively), (b) summer populations (n¼ 557, n¼ 1,643, n¼ 2,044,
respectively), (c) fall populations (n¼ 285, n¼ 1,897, n¼ 382, respectively), and (d) winter populations (n¼ 2, n¼ 11, n¼ 16,
respectively).
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studies, such that higher totals of blow flies were col-
lected in warmer months (summer and spring) than in
cooler months (fall and winter; Fig. 2).

We found that four species (C. livida, C. vomitoria,
C. vicina, and C. cadaverina) were strong indicators of
spring, while one species (L. coeruleiviridis) was a
strong indicator of summer. Calliphora spp. are consid-
ered cooler month species and can be found colonizing
remains in large numbers in fall, winter, and spring,
depending on the geographic location (Watson and
Carlton 2005, Mohr and Tomberlin 2014, Matuszewski
et al. 2010). Hall (1948) stated that C. vicina has a
Holarctic distribution and is abundant in March and
April, specifically in the Midwest. Less work has been
conducted on C. livida, but Hall (1948) classified this
species as having a Nearctic distribution and being
found in the central USA in April and May. Calliphora
vomitoria and C. cadaverina are also commonly found
in early spring and late fall, consistent with the findings
of the present study (Hall 1948, Schroeder et al. 2003).

Lucilia spp. are typically considered a summer month
species often being collected in June through August in
the USA (Hall 1948, Greenberg 1973, Tomberlin and
Adler 1998, Brundage et al. 2011). Schroeder et al.
(2003) only collected L. sericata from human remains
from May to October in Germany, while Benbow et al.
(2013) determined L. coeruleiviridis was a significant
indicator of the fresh stage of decomposition of swine
carrion during summer (July) and autumn (November)
in Ohio.

Phormia regina was present in all four seasons, but
most prevalent in the fall, with 1,028 individuals
(40.1% of the total for that season) when combining all
three regions studied. Brundage et al. (2011) found
P. regina to be a dominant blow fly species in California
and also collected adults during all four seasons. Lucilia
sericata was a dominant species (>20% of adults col-
lected) in the central region of New Jersey in all sea-
sons excluding winter, with the greatest numbers
during the summer and fall, similar to the findings of

Fig. 3. Mean (SE) species richness (a) and mean (SE) species diversity (b) across season and region.
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Fig. 4. Nonmetric multidimensional scaling ordinations of blow fly populations across (a) regions and (b) seasons. This
ordination explained 63.7% of variation (stress¼ 0.290).
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Anderson and VanLaerhoven (1996), Tomberlin and
Adler (1998), and Brundage et al (2011). Due to the
high numbers collected in the central region (2,257)
compared to the north (54) or south (89) during this
entire study, there may be a preference for this species
in areas with higher population densities, which could
support the observation that L. sericata favors a more
urbanized environment (Isiche et al. 1992, Anderson
2000, Hwang and Turner 2005, Brundage et al. 2011).
Although L. coeruleiviridis was a dominant species in
all three regions of New Jersey, it was particularly
abundant in summer, when it had larger populations in
the southern region in comparison to north and central.
Lucilia coeruleiviridis was the most abundant blow fly
species captured during the present survey, and has
been the dominant species collected from pig carcasses
in Florida (Gruner et al. 2007), Virginia (Tabor et al.
2004), and West Virginia (Joy et al. 2006). Although
this species is common along the eastern coast of the
USA, little research has been conducted on their biol-
ogy and development due to their difficulty to maintain
more than the initial generation in laboratory condi-
tions (Weidner et al. 2014).

Of the 12 species collected during the present sur-
vey, 10 were collected across all three regions; however,
L. silvarum (Meigen) and Cochliomyia macellaria (F.)
were collected in only one region. We collected only
one individual of L. silvarum, which was found during
the summer in northern New Jersey. While it was con-
sidered a forensically important species, L. silvarum is
known more for parasitizing frogs and other amphib-
ians (Marshall et al. 2011). Cochliomyia macellaria was

another rare species in this survey, with five individuals
collected during the fall in the central region. Cochlio-
myia macellaria is a facultative parasite and is found to
be a common colonizer of remains in the southern
USA (Byrd and Butler 1996, Boatright and Tomberlin
2010, Mohr and Tomberlin 2014, Owings et al. 2014).

Although there were no significant differences in
diversity between seasons, diversity decreased from
spring to summer in all three regions as the dominant
species accounted for more than 60% of all adults col-
lected; L. coeruleiviridis in the north and south region
and L. sericata in the central region. Diversity then
decreased through fall and winter, with the exception
of the central region. The northern region had two
adults of one species, C. vicina, collected. This is most
likely due to the mean temperatures being significantly
lower than other regions potentially leading to blow
flies there being less active. During the winter months
of this study (December–February) the mean tempera-
ture for when the traps were in the field did not exceed
5�C, and during this time 29 adults were collected, sig-
nifying their potential importance in m-PMI determi-
nation in colder months in northeastern USA.

Among the collected blow fly adults in winter, there
were four P. regina. This observation is of interest
because Deonier (1942) found that when the average
monthly temperature dropped below 10�C the activity
of P. regina was restricted and reduced. Additionally,
Nabity et al. (2006) found that P. regina completed
development at a minimum temperature of 14�C, and
their data showed that a minimum threshold value
ranged from 12.2–14.0�C. The differences seen in this
study compared to past literature could potentially be
due to genetic differences in the populations (Tarone
and Foran 2006, Gallagher et al. 2010, Tarone et al.
2011, Jordaens et al. 2013, Owings et al. 2014). The
mean temperature for when the traps were out during
the winter months in this present study did not exceed
5�C, and although this does not provide evidence for
development of P. regina, it does suggest that further
work is warranted on the development of this species
at lower temperatures in the northeastern USA.

One limitation of the present study is that for logisti-
cal reasons baits were used instead of an entire carcass.
The olfactory cues released from bovine liver will likely

Table 3. Indicator species for season or region in New Jersey

Group Species Indicator value P value

Season
Spring Calliphora livida 86.96 0.001

Calliphora vomitoria 77.40 0.001
Calliphora vicina 56.77 0.013
Cynomya cadaverina 51.66 0.012

Summer Lucilia coeruleiviridis 64.69 0.008
Region

Central Lucilia sericata 73. 05 0.001

An indicator value and P value are provided for each species.

Table 4. Regional and seasonal differences between the relative abundance on the dominant blow fly species using Kruskal–Wallis
one-way ANOVAs and Wilcoxon Rank-Sum tests

Species Kruskal–Wallis Wilcoxon

Region Season

Region Season C v N C v S N v S Sp v Su Sp v Fa Sp v Wi Su v Fa Su v Wi Fa v Wi

C. vomitoria 1.95 (0.377) 51.57 (<0.001) – – – <0.001 <0.001 <0.001 ns ns ns
C. vicina 3.19 (0.203) 11.02 (0.012) – – – ns ns 0.005 ns 0.007 ns
C. livida 3.11 (0.211) 65.44 (<0.001) – – – <0.001 <0.001 <0.001 ns ns ns
P. regina 7.79 (0.020) 48.52 (<0.001) 0.006 ns ns 0.003 ns <0.001 <0.001 <0.001 <0.001
L. sericata 47.03 (<0.001) 44.89 (<0.001) <0.001 <0.001 0.017 0.040 ns <0.001 ns <0.001 <0.001
L. coeruleiviridis 9.35 (0.009) 112.31 (<0.001) 0.023 ns 0.005 <0.001 0.048 <0.001 <0.001 <0.001 <0.001
C. cadaverina 3.00 (0.223) 47.01 (<0.001) – – – <0.001 0.005 <0.001 <0.001 ns 0.030

C, central; N, north; S, south; Sp, spring; Su, summer; Fa, fall; Wi, winter; ns, not significant (P> 0.05); numbers in bold signify significant
values.
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not be as extensive or strong (due to size) as an entire
carcass. Although bovine liver is commonly used in
baited traps (Anderson 2000, Brundage et al. 2011,
Berg and Benbow 2013), it may not be sufficient to
attract all forensically important blow fly species. For
example, preliminary work examining blow fly coloniza-
tion on piglet carcasses conducted in New Brunswick,
NJ, collected adults of a species not captured in the
present study, Protophormia terraenovae (Robineau-
Desvoidy) (L.M.W unpublished data). Therefore we
suggest that bait choice should be carefully considered
when examining blow fly communities, and future
work on forensically important insect taxa should con-
sider the use of pig carcasses.

In conclusion, our results provide baseline data
regarding blow fly communities in New Jersey, and
these data could be used as a reference in the north-
eastern USA where information on blow fly diversity is
lacking. Further, because the present study was con-
ducted over multiple years we were able to assess pos-
sible seasonal variation in community composition.
This information along with the environmental data
provided, should help to facilitate the wider use of
blow flies in forensic investigations in New Jersey and
surrounding states.
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