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Abstract 
 
 
A study to determine adult arrival behaviors of two forensically important carrion 
flies (Diptera: Calliphoridae), Phormiaregina (Meigen) and Luciliacoeruleiviridis 
(Macquart), was conducted at a wildlife management area in southwestern West 
Virginia. Pig carcasses (Susscrofa L.) were placed in sunlit vs. shaded field plots in 
four separate experimental periods; May of 2006, 2007 and 2008, and June of 2008. 
Experimental periods of May 2006 and 2008 were significantly cooler than 
experimental periods of May 2007 and June 2008. Phormiaregina and L. coeruleiviridis 
arrive at carcasses in warm experimental periods within minutes of carcass 
placement (i.e., at 0 h). At carcasses in cool periods, however, arrival is delayed by 
24 h for L. coeruleiviridis at both sunlit and shaded carcasses and by 30 h to 48 h for 
P. Regina at sunlit and shaded carcasses, respectively. Phormiaregina adults are 
significantly predisposed to visiting sunlit carcasses, whereas L. coeruleiviridis adults 
are significantly more likely to visit shaded carcasses. 
 
 
Keywords: forensic entomology, first colonizers, carrion flies, Phormiaregina, 
Luciliacoeruleiviridis 

 
1.Introduction 
 

Blow flies in the family Calliphoridae are the first insects observed at human and 
animal remains (Byrd and Castner 2009). Adult calliphorids exploit carcass substrates as a 
food source and for oviposition sites; and this adult activity, along with subsequent larval 
development, alters the carcass such that the remains become less desirable for indigenous 
occupants and more desirable for subsequent insect visitors.  
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This sequential visitation of insects was chronicled by Payne (1965) who found that 
certain arthropod groups were associated with a defined stage of carcass decay; a process that 
he referred to as a “faunistic” or “ecological succession.” Such successional patterns forms 
the basis of a discipline known as “forensic”, or “medicocriminal” entomology (Hall 2000; 
Hall and Huntington 2008; Tabor-Kreitlow 2009) where a post mortem interval (PMI) is 
determined by the presence of certain species, and identifying the age of larval instars that 
arose from the first calliphorid eggs deposited on the body (Tabor-Kreitlow 2009). This 
requires the proper identification of fly species associated with the carcass, or cadaver, an 
understanding of development rates for certain carrion insect species, the position of various 
species within the order of succession, and adult arrival times (Wells and LaMotte 2009).    

 
Proper species identification can be made by a competent entomologist, and rates of 

development from egg to third instar under prescribed temperatures are know for certain 
calliphorid flies (Kamal 1958; Greenberg 1991), thus an experienced forensic entomologist 
can calculate a reasonable PMI estimate. One potential source of error, however, is a reliable 
estimate of the time of oviposition; i.e., the “starting time” for egg laying and subsequent 
larval development. This starting, or adult arrival, time may be delayed under various 
environmental conditions or influenced by the decomposition status of the carcass. Adult 
arrival behaviors, however, are inadequately known and this may contribute to errors in the 
PMI estimate.  

 
Thus the purpose of this paper is to provide information on adult behavioral patterns 

for two common competing blow fly species, Phormiaregina (Meigen) and Luciliacoeruleiviridis 
(Macquart), visiting carcasses in varying stages of decomposition in warm vs. cool ambient 
temperature regimes, under sunlit vs. shaded conditions, and at different times of the day. 
Implicit in this purpose is to address the “competitive exclusion principle” of Gause (1934) 
which holds that two or more species cannot coexist indefinitely if they occupy the same 
niche where resources may be limited. Byrd and Castner (2009) also point out that while 
various species of calliphorids appear to share the same resource each species must occupy a 
unique ecological niche where it holds an adaptive advantage over other species. One of those 
“advantages” cited by Byrd and Castner (2009) was “…adult arrival time…” Thus we 
examine differences (spatial and/or temporal) in adult behavioral patterns of these two fly 
species that would allow them exploit different “niche dimensions” and exploit a resource 
contemporaneously. 
 
1. Materials and methods 

 
1.1. Study site and sample plots 
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The field study site for this work was the Green Bottom Wildlife Management Area 
(Cabell Co., West Virginia, 39o 31’ 13” N and 82o 17’ 53” W, elevation ≈ 170 m). Four 
experiments were conducted at the field site with beginning dates of 19 May 2006, 21 May 
2007, 20 May 2008 and 16 June 2008. We refer to experimental periods, lighting conditions 
(sunlit or shaded), hour category (2 PM, 8 PM, 8 AM), and collection hour (e.g., 0 h, 24 h, 48 
h, etc. in the 2 PM hour category) throughout the narrative. Experimental periods began at 2 
PM (hour 0) on each beginning date with observations and collections being made at 2 PM, 8 
PM and 8 AM over a 198 h experimental period.   

 
Two experimental plots (one sunlit, one shaded) were established at the field site for 

each of the four experiments (i.e., experimental periods). Both plots were contiguous, and 
rectangular, with long axes running east to west. The sunlit plot, measuring 400 by 160 
meters, was an open, mowed field dominated by wheat, Triticum sp. The grass, tall festuca, 
Festucaelatior L., and a vetch, Viciadasycarpa Ten., were also common to the sunlit plot. There 
was the occasional Allium vinale L. (wild onion), Rumexcrispus L. (curly dock), and an 
unidentified member of the mustard family (Brassicaceae).  The shaded plot measured 400 by 
80 meters. Dominant forest canopy species at the shaded plot were Acer negundo L. (box 
elder), Juglansnigra L. (black walnut), Sidahermaphrodita (L.) (Virginia mallow), and Verbesina 
alternifolia (L.) (wing stem). The understory was composed of Elymus sp. (wild rye), Pileapumila 
(L.) (clear weed) and Viola papilionaceaPursh (common blue violet). 
 
1.2. Carcass substrates  

 
Two pig carcasses (Susscrofa L.) were placed in the field for each experiment, one pig 

in the sunlit plot and the other in the shaded plot. Carcasses were placed approximately 70 
meters from each other in such a manner that each was equidistant from the edge of the 
field/forest border. All carcasses were approximately the same weight (18 to 20 kg), and all 
were placed in the field at 2 PM (hour zero) on the initial day of their respective experimental 
periods.  
 

Pigs used in all May experiments were killed by shooting with a .22 caliber bullet to 
the head. Each pig was immediately double bagged in 42 gallon heavy duty plastic (3 mil 
thickness) contractor clean-up bags before being transported to the field site. At the field site 
pigs were removed from the bags and placed on the ground in their respective sunlit and 
shaded plots approximately 1.5 h after killing. The two pigs used in the June 2008 experiment 
were killed and bagged on 20 May 2008 and transported to the lab where they were frozen. 
These latter 2 pigs were allowed to thaw approximately 2 days prior to their 16 June field plot 
placements. Once placed in their respective field plots, carcasses in all 4 experiments were 
covered with a wooden frame, measuring 90 cm long x 50 cm wide x 40 cm high, supporting 
2.5 cm hexnetting to prevent disturbance by scavengers.  



4                                  American International Journal of Biology, Vol. 3(2), December 2015 
 
 

 

1.3. Temperature records and fly collections 
 
Ambient temperatures were recorded with a digital thermometer three times each day 

(at 2 PM, 8 PM and 8 AM) at both sunlit and shaded plots beginning with 0 h and ending at 
198 h for each experimental period except May 2007.  

 
In May 2007 there was no point in recording temperatures beyond 120 h and 144 h 

at the sunlit and shaded plots, respectively, because decomposition of carcasses proceeded so 
rapidly in this warm experimental period they no longer presented suitable substrates for adult 
flies after those hours.  

 
We also designated experimental periods as “cool” periods (May 2006 and May 2008) 

and “warm” periods (May 2007 and June 2008) on the basis of significant differences in mean 
temperature values. Table 1 shows 90% confidence limits around means for sunlit and shaded 
plots for each experimental period, and thus establishes the rationale for “cool” vs. “warm” 
period designations. 

 
Table 1: Mean (± 90% confidence limits; UL = upper limit, LL = lower limit) ambient 
temperatures for sunlit and shaded plots by experimental period. Means based on n = 

25 observations except for 2007 where n = 16 (sunlit) and n = 18 (shaded). 
 

Sunlit Shaded 
06 07 M08 J08 06 07 M08 J08 

Cool Warm Cool Warm Cool Warm Cool Warm 
UL 21.28 28.39 22.14 25.29 18.99 24.51 19.85 22.34 
Mean 18.6 25.6 20.2 23.9 16.8 23.1 18.1 21.1 
LL 15.92 22.81 18.26 22.51 14.61 21.69 16.35 19.86 

 
There was no rainfall during the first experimental period and only minimal (≤ 0.8 

cm) amounts of rainfall over each of the latter three periods. As a result, rainfall was not 
considered an important environmental variable.   

 
Insect sweep nets were employed to obtain samples of adult flies beginning at hour 0 

(for “warm” experimental periods of 2007 and June of 2008), and at each 2 PM., 8 PM and 8 
AM collection hour thereafter until few, or no, adults appeared at the carcasses. In “cool” 
experimental periods of 2006 and May of 2008, few adults appeared before hours 24 and 48, 
respectively, so collections prior to these hours were not made. There was no set number of 
sweeps carried out over any given carcass at a particular sampling hour. The intent was to 
collect enough adults (> 10 whenever possible) to provide a sample suitable for estimating 
relative proportions of each species. 
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Adults collected in the sweep net sample were immediately transferred to 
appropriately labeled (date, sunlit or shaded carcass, and hour of collection) 200 ml jars 
containing paper toweling to absorb moisture. Flies were returned to the lab, identified to 
species, and sexed. Selected adults of each species were pinned, and voucher specimens were 
deposited in the state entomology collection (WV Department of Agriculture, Guthrie Center, 
Charleston, WV, USA). 
 
1.4. Assessment of adult arrivals and data analysis 

  
To measure “arrival” behavior of adult Phormiaregina and Luciliacoeruleiviridis, numbers 

of adults in each sample were log n + 1 transformed and plotted against hour of collection for 
each of four environmental conditions: 1) warm sunlit; 2) warm shaded; 3) cool sunlit; and 4) 
cool shaded. Using this procedure in conjunction with the polynomial function in Microsoft 
Excel, arrival times, duration of visits, and peak hours of activity for each species could be 
visualized (Figs. 1 through 4).    

 
These methods while not always providing a means for statistical analyses reveal 

relative arrival times, duration and peak adult activity, and divergence in numbers of adults of 
the two target species at carcasses in warm vs. cool environmental periods under sunlit and 
shaded lighting conditions.  

 
Adult visits to carcasses in warm vs. cool experimental periods, sunlit vs. shaded 

conditions, and time of day were also assessed with the aid of chi-square contingency tables. 
Chi-square values and levels of probability are given in the appropriate tables.  
 
2. Results 
 
2.1. Adult visits – general observations 

  
Fly visitation patterns were observed at carcasses placed in: 1) warm, sunlit; 2) warm, 

shaded; 3) cool, sunlit; and 4) cool, shaded conditions. A sample of 2119 P. regina adults was 
collected throughout the course of this study: 1125 in warm experimental periods vs. 994 in 
cool periods; and 1246 at sunlit carcasses vs. 873 at shaded carcasses. Numbers of P. regina 
were significantly higher in warm experimental periods (Table 2), and at sunlit carcasses 
(Table 3). Additionally, when considering visitations by time of day (hour category), P. regina 
adults were significantly more likely to be present in the afternoon (Table 4). 
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Table 2: Adult visitations at pig carcasses in warm vs. cool experimental periods. 
Legend: Obs, observations; Exp, expectednumbers of observations; % (+,-), percent 

of observations greaterthan (+) or less than (-) expected. 
 
 P. regina L. coeruleiviridis 
 warm cool warm cool 
     
Obs 1125 994 268 278 
     
Exp 1059.5 1059.5 273 273 
     

% (+, -) + 6.18 - 6.18 - 1.83 + 1.83 
     
X2 (1 df) = 7.98; p = 0.0047 X2 (1 df) = 0.14; p = 0.7083 
 

Table 3: Adult visitations at pig carcasses in sunlit vs. shadedplots. Legend: same as 
in Table 2. 

 
 P. regina L. coeruleiviridis 
 sunlit shaded sunlit shaded 
   

Obs 1246 873 164 382 
   

Exp 1059.5 1059.5 273 273 
   

% (+, -) + 17.6 - 17.6 - 39.9 + 39.9 
   

X2 (1 df) = 65.3; p< 0.0001 X2 (1 df) = 86.2; p< 0.0001 
 

Table 4: Adult visitations at pig carcasses by time of day (hour category) 
Legend: same as in Table 2. 

 
 P. regina L. coeruleiviridis 
 8 AM 2 PM 8 PM 8 AM 2 PM 8 PM 
    

Obs 362 1075 682 37 266 243 
    

Exp 706.3 706.3 706.3 182 182 182 
    

% (+, -) - 48.2 + 53.7 -2.5 - 79.5 + 47.6 +34.9 
    

X2 (2 df) = 361.1; p< 0.0001 X2 (2 df) = 174.4; p< 0.0001 
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A sample of 546 L. coeruleiviridis adults was collected: 268 in warm periods vs. 278 in 
cool periods; 164 at sunlit carcasses vs. 382 at shaded carcasses. Adults of L. coeruleiviridis were 
equally likely to visit in warm and cool experimental periods (Table 2), and significantly more 
likely to be collected at shaded carcasses (Table 3). In assessing visits by time of day, L. 
coeruleiviridis adults were significantly more likely to visit carcasses in the afternoon and 
evening (Table 4).   

 
Carcass decomposition was most rapid in warm sunlit conditions, reaching the dry 

skeletal stage by 114 to 120 h. Under these environmental conditions L.coeruleiviridisadults 
were not observed after 72 h (Fig. 1), indicating that carcasses were suitable for visits by this 
species only from 0 to 72 h. Conversely, P. regina adults visited warm sunlit carcasses from 0 
to 120 h (Fig. 1). Carcass decomposition was slowest in cool shaded conditions where 
carcasses were still in the bloat stage at 198 h. Here, adults of both species were still active at 
198 h (Fig. 4). Duration of adult visits also varied according to type of experimental period 
(i.e., warm vs. cool), and carcass placement (i.e., sunlit vs. shaded). Phormiaregina adults visited 
carcasses at three habitat settings for longer periods of time (Figs. 1 – 3), but in cool shaded 
conditions the duration of visits was longer (174 h; 24 to 198 h) for L. coeruleiviridis than for 
P.regina (150 h; 48 to 198 h) (Fig. 4). 
 

 
 

Figure 1. Arrival times and duration of visits for adult carrion flies at pig carcasses in 
warm sunlit conditions. Legend: Diamonds represent log n + 1 numbers of Phormiaregina 
adults (numbers of adults in hourly samples of May 2007 and June 2008 combined). Solid 
curve (y = - 0.0003x2 + 0.0297x + 3.1696; R2 = 0.2981), polynomial function of log n + 1 
P.regina adults. Squares represent log n + 1 numbers of Luciliacoeruleiviridis adults (numbers of 
adults in hourly samples of May 2007 and June 2008 combined). Dashed curve (y = - 
0.0004x2 + 0.0026x + 2.4226; R2 = 0.4037), polynomial function of log n + 1 L.coeruleiviridis 
adults. 
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Figure 2. Arrival times and duration of visits for adult carrion flies at pig carcasses in 

warm shaded conditions. Legend as in Figure 3 with polynomial function trendline of  
y = - 0.0003x2 + 0.0459x + 1.8115; R2 = 0.6247 for P. regina, and y = 2E – 06x2  – 0.0248x + 
3.7025; R2 = 0.6058 for L. coeruleiviridis. 
 

 
Figure 3. Arrival times and duration of visits for adult carrion flies at pig carcasses in 

cool sunlit conditions. Legend: Diamonds represent log n + 1 numbers of Phormiaregina adults 
(numbers of adults in hourly samples of May 2006 and May 2008 combined). Solid curve (y = 
- 0.0005x2 + 0.1067x – 1.6001; R2 = 0.6586) polynomial function of log n + 1 P.regina adults. 
Squares represent log n + 1 numbers of Luciliacoeruleiviridis adults (numbers of adults in hourly 
samples of May 2006 and May 2008 combined). Dashed curve (y = - 0.0003x2 + 0.0491x + 
0.2713; R2 = 0.3084) polynomial function of log n + 1 L. coeruleiviridis adults. 
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Figure 4. Arrival times and duration of visits for adult carrion flies at pig carcasses in 

cool shaded conditions. Legend as in Figure 1 with polynomial function trendline of  
y = - 0.0004 x2 + 0.1087x – 3.8444; R2 = 0.4560 for P. regina, and y = - 0.0001x2 + 0.0216x + 
2.0446; R2 = 0.7713 for L. coeruleiviridis.  
 
2.2. Adult visits in warm experimental periods 

 
Adults of both P. regina and L. coeruleiviridis arrived at carcasses in warm experimental 

periods at 0 h (Figs. 1 and 2). At sunlit carcasses, numbers of  P.regina adults exceeded those 
of L. coeruleiviridis for all collection hours (Fig. 1), but at shaded carcasses the reverse was true 
in early collection samples as numbers of L. coeruleiviridis adults exceeded those of P.reginafrom 
0 to 30 h (Fig. 2). Visitation patters were similar for warm sunlit and shaded conditions, with 
duration of visits for both species being extended in the shade. 
 
2.3. Adult visits in cool experimental periods 

 
Adult visitations were delayed in cool experimental periods for both species at sunlit 

and shaded carcasses (Figs. 3 and 4). Numbers of L. coeruleiviridis exceeded those of P. regina 
briefly (from 24 through 30 h) at sunlit carcasses (Fig. 3), but at shaded carcasses greater 
numbers of L. coeruleiviridis adults were observed from 24 to 96 h (Fig. 4).  
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2.4. Adult visits by time of day 
 
Overall, Phormiaregina adults were found in numbers significantly greater than 

expected in sampling hours of the 2 PM hour category, whereas far fewer than expected 
adults of this species visited carcasses at 8 AM (Table 5). Time of day visitation patterns for P. 
regina differed, however, depending on temperature and lighting conditions. For example, in 
cool experimental periods greater than expected numbers of P. regina adults visited sunlit 
carcasses in the morning and afternoon (8 AM and 2 PM), whereas more adults than expected 
visited shaded carcasses at 8 PM (Table 5). In warm experimental periods, however, there was 
no significant relationship between visits by time of day and lighting conditions (Table 5).  

 
Overall, Luciliacoeruleiviridis adults were found in numbers significantly greater than 

expected in sampling hours of the 2 PM and 8 PM hour categories, whereas, like P. regina, far 
fewer than expected adults of this species visited carcasses at 8 AM (Table 5). Time of day 
visitation patterns for L. coeruleiviridis also differed, depending on temperature and lighting 
conditions. Perhaps the most striking example of this difference was observed at 8 AM on 
warm sunlit carcasses where no adults of this species were observed in any 8 AM collection 
hour (Table 5). Conversely, greater than expected numbers of L. coeruleiviridis adults were 
collected at cool sunlit carcasses in this hour category.  

 
At 8 AM and 2 PM, in warm experimental periods, when one species was present in 

greater than expected numbers, the other species was found in fewer than expected numbers 
at both sunlit and shaded carcasses (Table 5). At 8 PM, however, both species  
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Table 5: Phormiaregina (Preg) and Luciliacoeruleiviridis (Lcoe) adult visitation 
patterns by time of day. The null hypothesis is no significant difference across hour 
categories in warm vs. cool experimental periods, and sunlit vs. shaded conditions. 
Legend: Obs, numbers of adults observed; Exp, numbers expected; ± Exp, 
percentage greater than (+) or less than (-) expected.  

 
Warm sunlit Warm shaded Cool sunlit Cool shaded 
Preg Lcoe Preg Lcoe Preg Lcoe Preg Lcoe 

8AM Obs 188 129 25 36 3 
Exp 180.3 5.5 136.7 19.5 27.4 4.5 17.6 7.5 
±Exp +4.2 -100 -5.6 +28.2 +31.2 +98 -48.8 - 59.8 

2PM Obs 313 45 247 67 368 51 147 103 
Exp 318.6 24.7 241.4 87.3 314.0 58.2 201.3 95.8 
±Exp -1.8 +82.5 +2.3 -23.3 +17 -12.3 -26.9 + 7.5 

8PM Obs 139 14 109 117 202 45 232 67 
Exp 141.1 28.8 106.9 102.2 264.6 42.3 169.4 69.7 
±Exp - 1.5 -51.5 +1.9 +14.5 -23.7 +6.4 +36.9 - 2.7 
X2 (2df) (warm, sunlit vs. shaded) = 1.06; p = 0.5916 (Preg) 
X2 (2df) (cool, sunlit vs. shaded) = 68.61; p< 0.0001 (Preg) 
X2 (2df) (warm, sunlit vs. shaded) = 38.37; p<0.0001 (Lcoe) 
X2 (2df) (cool, sunlit vs shaded) = 8.77; p = 0.0136 (Lcoe) 

 
were found in fewer than expected numbers at sunlit carcasses, and greater than expected 
numbers at shaded carcasses (Table 5, columns 1 & 2). The observation of one species being 
present in greater than expected numbers while the other was present in fewer than expected 
numbers at sunlit vs. shaded carcasses was shifted to later in the day (to 2 PM and 8 PM) in 
cool experimental periods (Table 5).  

   
3. Discussion 
 
3.1. Adult coexistence  
 

In West Virginia adults of two common carrion fly species, P. regina and L. 
coeruleiviridis, are often found contemporaneously on pig carcasses for feeding and egg-laying 
activities. This appears to contradict the theory advanced by Gause (1934) that two species 
with identical niche requirements cannot coexist indefinitely. Ecologically similar species can 
coexist, however, if they utilize the carcass resource at different times (VanLaerhoven 2009).  
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Denno and Cothran (1975) also concluded that the coexistence of carrion fly species 
could be explained if each specialized to a varying degree on different aspects of the available 
food resource and oviposition sites.  Two schools of thought regarding the coexistence of 
competing species that use a patchily distributed resource have been advanced by Kneidel 
(1984), namely that: 1) specialization and competition is important in determining community 
structure; and 2) colonization (or adult visitation patterns in the present context) is largely 
independent of species differences. Specialization may be the stronger factor in allowing for 
coexistence of adults of the two dominant species of carrion flies monitored in this study. 
Since the specialized activities (i.e., adapted adult visitation patterns) of P. regina and L. 
coeruleiviridis differ with respect to ambient temperature, lighting conditions, time of day and 
decomposition status of the carcass, limited competitive interactions between them allow for 
their coexistence. 

 
3.2. Adult visits and carcass decomposition 

 
Four stages – fresh, bloat, decay and dry – are commonly recognized in the 

progression of carcass decomposition (Reed 1958; Johnson 1975; Goddard and Lago 1985; 
Grunner et al. 2007), although some authors (Anderson and VanLaerhoven 1996; Richards 
and Goff 1997; Tabor-Kreitlow 2009) employ a 5-stage scheme by subdividing the decay 
stage into early and late decay stages. Payne (1965) had recognized six stages, but the 
difference in his categorization was minimal in that he merely constructed subdivisions for the 
decay stage (i.e., “active” and “advanced”) and dry stage (i.e., “dry” and “remains”). The point 
remains, however, that certain predictable assemblages of insects often appear with a 
particular stage of carcass decomposition. Some caution is advised, however. because stages in 
the decomposition process may not be strictly delimited, but rather represent stages in a 
continuum influenced not only by insect assemblages, but also by abiotic factors – chiefly 
temperature and lighting conditions – in much the same manner that Cowles (1899) 
recognized that the dynamic nature of plant communities also occurred in response to a 
variable abiotic environment. 

 
We found that carcass decomposition occurred most rapidly in warm sunlit 

conditions, corroborating Goddard and Lago (1985) who noted that decomposition occurred 
much faster on warm sunny days than on cooler days, and Shean et al. (1993) who reported 
that an exposed (i.e., sunlit) pig was consumed at a much faster rate than a shaded one. Thus 
under these warm sunlit conditions, where the suitability of carcass substrates as feeding and 
oviposition sites was of shorter duration, we recorded the shortest adult visitation periods; 72 
h for L. coeruleiviridis, and 120 h for P. regina (Fig. 1).  Moreover, adults of the latter species, 
which are predisposed to sunlit conditions, exhibited marked dominance in these warm sunlit 
settings. Denno and Cothran (1975) examined the possibility that carrion fly “guild members” 
differentially exploited carrion along seasonal, successional, and carcass size niches.  
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Focusing on Phaeneciasericata, a species closely related to L. coeruleiviridis, and 
Phormiaregina, these investigators reported that P. sericata was a “pioneer” species, whereas P. 
regina “showed a preference to exploit during the latter stages of decay.”  

 
Gruner et al. (2007) also categorized L. coeruleiviridis adults as the “first arrivals” or 

“first colonizers” on pig carcasses in the fresh stage of decomposition. Moreover, L. 
coeruleivirids consistently makes up the “first arrivals” (within the first 24 h after death) on a 
variety of other carcass substrates from disparate geographic locales in the U.S.: rats, rabbits 
and sheep in California (Denno and Cothran 1975); rabbits, opossums and largemouth bass in 
Mississippi (Goddard and Lago 1985); chickens in Missouri (Hall and Doisy 1993); squirrels, 
rabbits, cat, opossum in Illinois (Johnson 1975); alligators in Alabama (Nelder et al. 2009); 
and dogs in Tennessee (Reed 1958). We found that L. coeruleiviridis arrived at carcasses early, 
but their numbers diminished over time, being supplanted by P. regina adults. The same 
pattern of relative numbers for these two species over time in the decomposition process was 
observed by (Goddard and Lago 1985). 

 
Unlike L. coeruleiviridis, P. regina arrives later when carcasses are in the bloat or active 

decay stage of decomposition (Denno and Cothran 1975; Goddard and Lago 1985; Hall and 
Doisy 1993), bringing Anderson and VanLaerhoven (1996) to remark that P. regina is not a 
“pioneer species.” These were precisely the adult visitation patterns, relative to the stage of 
carcass decomposition, we observed for L. coeruleiviridis and P. regina. We have shown, 
however, that this arrival behavior, and subsequent duration of adult visits, is also altered by 
temperature, lighting conditions, and time of day. 
 
3.3. Adult visits in “warm” vs. “cool” experimental periods 

 
Phormiaregina has been considered a cool weather blow fly (Cushing and Parish 1938; 

Deonier 1940; James 1947; Hall 1948; Wells and Greenberg 1994), occurring essentially 
monocultures in winter months (Deonier 1942) or in late summer or fall in northern localities 
(Cianci and Sheldon 1990). Still, P. regina can be common in the warmer months of June and 
July (Dickie and Eastwood 1952; Johnson 1975; Introna et al. 1991), exhibiting co-dominance 
with L. coeruleiviridis in summer collections from nearby Virginia (Tabor et al. 2004). Still 
other works document peak adult black blow fly activity in May and June (Bruce and Knipling 
1936; Stewart and Roessler 1942; Baumgartner 1988), although other investigators have 
demonstrated that P. regina is abundant throughout most of the year (Johnson 1975; Hall and 
Doisy 1993). Clearly, from varied seasonal accounts in the literature it appears that P. regina 
tolerates wide temperature ranges.  
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Indeed, while P. regina adults were significantly more likely to be found in warm 
experimental periods in the present study, considerable numbers of this species were still 
collected in cool periods. Conversely, L. coeruleiviridis exhibited no significant predisposition to 
visiting carcasses in either warm or cool periods. 

 
The most notable effect of ambient temperature on adult carrion fly visits was that 

such visits were delayed, for both species, in cool experimental periods. This delay was most 
pronounced in cool shaded conditions where L. coeruleiviridis adults were predominant in 
collections from 24 h to nearly 96 h. We attribute such delays to the slower decomposition of 
carcasses in cool conditions, confirming the observation of Payne (1965) that decomposition 
and removal of carrion proceeded more slowly on cool, cloudy days.  

 
Such delays are, however, contrary to the findings of Reibe and Madea (2010) that 

temperature had no significant effect on the arrival of blowflies in experimental runs from 
May through August when temperatures were between 15 oC and 25 oC. 

 
3.4. Adult visits in sunlit vs. shaded conditions 

 
The two target species in this study displayed different predispositions for light 

conditions, with P. regina significantly more likely to visit sunlit carcasses and L. coeruleiviridis 
significantly more likely to visit shaded ones. The predisposition of P. regina for sunlit 
carcasses agrees with the findings of Shean et al. (1993), who monitoring one pig carcass 
exposed to the sun and another carcass in a shaded woodland (in June), reported that P. regina 
was present more frequently at the exposed (i.e., sunlit) carcass. Our findings also comport 
with Tabor et al. 2004 who reported that P. regina was the dominant calliphorid in the spring 
(late April to June, in Virginia) on carcasses receiving direct sunlight.  

 
Unlike P. regina, we found L. coeruleiviridis adults to predominate in the early hours at 

carcasses in shaded conditions, especially in the cool experimental period. Our observations 
corroborated those of Gruner et al. (2007) who, working in Florida, reported that L. 
coeruleiviridis adults were consistently the “first arrivals” to visit carcasses in a wooded habitat 
where sunlight was restricted. Other investigators allude to the preference of L. coeruleiviridis 
adults for shaded settings; DeJong and Chadwick (1999) in Colorado, and Baumgartner 
(1988) in Illinois, where L. coeruleiviridis was rarely collected during May from traps placed in 
full sunlight. Thus lighting conditions constitute another “niche dimension” that plays an 
important role in limiting the competitive interactions for food resource and oviposition sites 
between these two carrion fly species. This is not to imply that competition was necessarily 
the evolutionary driving force for coexistence of P. regina and L. coeruleiviridis. Indeed, Grant 
(1975) asserted that, “…adaptations already possessed by the species at the time of meeting 
are the principal determinants of coexistence.”  
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That assertion was later buttressed by Connell (1980) who concluded it “most likely” 
that coexisting species diverged, in terms of niche differentiation, as they evolved separately 
so that, “…when they later came together, they coexisted because they had already become 
adapted to different resources or parts of the habitat.”  
 
3.5. Adult visits by time of day 

 
Relatively little attention has been given by previous investigators regarding the time 

of day adult carrion flies visit carcasses. Cianci and Sheldon (1990) established a collection 
protocol for 8 AM, 2 PM and 8 PM, noting that flies were most active in the afternoon 
without providing empirical data to substantiate their findings. Shean et al. (1993) merely 
observed insect activity for one to three hours (10 AM to 1 PM) per day, and Johnson (1975) 
checked carcasses between 9 AM and 3 PM stating only that “…all with active populations 
were examined.”  

 
And Payne (1965) examined pigs at 8 h intervals (8 AM, 4 PM, and 12 midnight), 

observing only that “Calliphorids of several species arrived in great numbers early in the 
morning of the second day.”     

 
Our findings on adult visitations by time of day for two carrion fly species provides 

new information on behavior of these dipterans. For example, at 8 AM and 2 PM in warm 
sunlit and shaded conditions adults of one species were found in greater than expected 
numbers concomitant with fewer than expected numbers of adults of the other species. And 
the finding of greater than expected numbers of one species along with fewer than expected 
numbers of the other was also seen in cool sunlit and shaded conditions at 2 PM and 8 PM. 
This suggests that adult flies are partitioning the carcass resources by time of day, reducing 
direct competition between them for feeding opportunities and oviposition events, thus 
allowing for their coexistence.  

 
In summary, our findings support the contentions made by VanLaerhoven (2009) 

that ecologically similar species can coexist if they utilize the carcass resource at different 
times, and Denno and Cothran (1975) that if; “…each species specializes to a varying degree 
on different aspects of the food resources, coexistence between necrophagous fly species is 
achieved.” We confirm the findings of previous investigators that L. coeruleiviridis adults, being 
attracted to carcasses in the fresh stage of decomposition, are often the “first arrivals”, 
whereas P. regina, attracted to carcasses in the bloat and decay stages, arrive later and are 
associated with carcasses for longer periods. We have also established that P. regina adults are 
predisposed to visiting sunlit carcasses, whereas L. coeruleiviridis visit shaded ones. And finally, 
the two species are separated, ecologically, by time of day visitation behavior. Adult visits in 
warm vs. cool conditions is less definitive.  
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While P. regina was significantly more likely to be found in warm experimental 

periods, L. coeruleiviridis was equally likely to be found in warm and cool periods. At any rate, 
our findings add to the understanding of adult carrion fly behavior, and should prove useful 
to practicing forensic entomologists.      
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