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ABSTRACT 

Succession Effects of Chrysomya rufifacies (Diptera: Calliphoridae) on Hermetia illucens 
(Diptera: Stratiomyidae) 

 

Adrianna Tirloni and Colton Sweetser 
Department of Entomology 

Texas A&M University 
 

Research Advisor: Dr. Jeffery Tomberlin 
Department of Entomology 

 

Chrysomya rufifacies (Macquart) (Diptera: Calliphoridae) and Hermetia illucens (Diptera: 

Stratiomyidae) are both secondary colonizers of carrion (Brundage et al. 2014, Tomberlin et al. 

2005). Chyrsomya rufifacies is a forensically important species often encountered on vertebrate 

remains, with adults arriving within minutes after death and suspected oviposition 1–2 days later 

(Baumgartner 1993).  Hermetia illucens is also forensically relevant and has been seen arriving 

on remains within as little as two days, but little is known as to how they interact on carrion 

(Tomberlin et al. 2005). Consequently, these two species often feed on a common resource 

concurrently. When succession of these species occurs it can impact survivorship, size, and 

development time of the species in question.  In this study, we will be looking at how succession 

affects H. illucens larvae when placed on an ephemeral resource after C. rufifacies larvae have 

completed its life cycle on the same source. If H. illucens immatures show differences when 

placed after C. rufifacies larvae, using H. illucens as an indicator of the time of colonization, 

could vary significantly.  
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SECTION I  

INTRODUCTION 

 

Forensic entomologists collect arthropod evidence to estimate the time of colonization and 

possibly a minimum postmortem interval (min-PMI), under given assumptions (e.g., colonization 

after death), which can allow investigators to verify alibis and identify possible suspects and 

victims. To determine the min-PMI, the oldest immature arthropod’s age must be determined; 

however, arthropod development is based on a multitude of factors that when influenced can 

change the min-PMI. 

 

Hermetia illucens and Chrysoma rufifacies  

Hermetia illucens L. (Diptera: Stratiomyidae) is unique in that its larvae consume a wide variety 

of rotting organic material, including carrion. In our field studies we have observed adult H. 

illucens arriving on carrion within the first two days of decomposition, the same time at which C. 

rufifacies larvae are feeding. Chyrsomya rufifacies (Macquart) (Diptera: Calliphoridae) larvae 

are a predacious secondary colonizer with a rapidly expanding range in the United States (Byrd 

and Castner 2002). Due to the predatory nature of C. rufifacies, populations of other competing 

species, such as Cochliomyia spp. and Lucilia spp. (Diptera: Calliphoridae) are being greatly 

reduced in areas where the two interact (Byrd and Castner 2002). While C. rufifacies can 

develop anywhere from five to thirteen days (Byrd and Butler 1997), H. illucens can take a 

minimum of 20 days to develop when feeding on a non-grain diet (Nyugen et al. 2013). 

Understanding the cause of delayed colonization by H. illucens and the impact it has could allow 
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forensic entomologists to use H. illucens as anthropological evidence allowing for a longer 

window of time in order to determine the min-PMI. 

 

Forensic Entomology  

This determination could allow forensic entomologists to use H. illucens as anthropological 

evidence allowing for a longer window of time in order to determine the min-PMI. Additionally, 

this experiment has demonstrated a specific pattern of succession and offers potential 

explanations for the phenomenon. Traditionally, all insects present at the time of collection are 

analyzed individually and are then cross-referenced to obtain the most reliable estimation of min-

PMI. The existence of a certain species of arthropod during or prior to collection may have a 

significant impact on developmental rate and survivorship of the species in question (Brundage 

et al. 2014). This study sought to examine the impact of C. rufifacies on H. illucens in a 

simulated decomposition environment when the former has completed its lifecycle up to the 

pupal stage. Once each larva was classified as pupa or moribund, they were removed from the 

experiment and H. illucens larvae were inoculated. 50 and 100 gram portions of porcine muscle 

tissue were used as a resource to simulate the decay of human flesh. Pig surrogates are frequently 

used in forensic research because they experience similar progression during decomposition and 

have similar organs, muscular structure, chemical composition, and tissue (Statheropoulos et al. 

2011). Two trials were conducted on different masses of pork to identify the effect body mass 

has on carrion decomposition and to simultaneously determine whether the scaled nature of the 

experiment impacted the results (Matuszewski et al. 2015). 



6 
 

                                                                SECTION II 

                                                       METHODS 

 

Hermetia illucens 

Black soldier fly eggs were collected from the colony maintained by the Forensic Laboratory for 

Investigative Entomological Sciences (F.L.I.E.S. facility) at Texas A&M University. The process 

was performed similarly to that of which is outlined in Sheppard et al. (2002) where blocks of 

corrugated cardboard were placed atop a larval resource. After 24 hours, the cardboard was 

removed and the eggs were placed into Rheem environmental chamber maintained at 30˚C until 

they hatched.  

 

Chrysomya rufifaces  

Chrysomya rufifacies eggs were collected from a colony currently maintained by the Forensic 

Laboratory for Investigative Entomological Sciences (F.L.I.E.S. facility) at Texas A&M 

University. This colony was originally apart of the Tarone Lab and was collected in Brazos 

County, Texas, U.S.A., in 2010. Adults were maintained in 30 x 30 x 30cm cages and kept in a 

temperature controlled room. Granulated sugar, honey and water were added ad libitum for 

roughly 10-15 days. Porcine tissue was placed in the cage between 8 and 15 days to induce 

oviposition. Eggs were then collected and kept in a mason jar with a vermiculite bottom and 

porcine tissue until larvae emerged.  
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Experimental Setup 

The experiment took place on a shelf approximately 4 feet above the ground within the F.L.I.E.S. 

facility. The average ambient temperature of the room during the experiment was 24.24˚C ± 1.41 

(max = 26.1, min = 21.2). Samples of fresh porcine muscle tissue were weighed into mason jars 

filled approximately halfway to the top with vermiculite. Two trials were conducted consisting of 

a limited amount of resource (50 g) and an ample supply of resource (100 g) (Figure 1). Newly 

hatched C. rufifacies larvae (n = 100) were inoculated into each of the experimental jars which 

were paired with a respective control jar containing the same amount of pork left untreated until 

the experiment began. C. rufifacies was allowed to feed on the pork until each individual 

pupated, upon which they were removed and 100 newly hatched H. illucens larvae were 

inoculated (Day 0). Control groups were inoculated at the same time as their respective treatment 

group.  

 

Data Collection    

Prior to inoculating H. illucens, a sample of 100 larvae was weighed to account for the potential 

difference in the start point of the data. On the eighth day of the experiment, samples of five 

larvae were randomly selected from each jar to be weighed. Every other day following, similar 

samples were taken to create a growth curve from the average weight of each larva. The contents 

of the jar were carefully observed everyday for the existence of prepupae, the first non-feeding 

life stage of the black soldier fly. When observed, prepupae were removed from the jar and an 

average weight of those collected per jar was taken.  
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Figure 1. Representation of the experiment setup prior to inoculation of H. illucens displaying 
all four replicates of each trial (A-D). Controls are represented by (C-X) and their corresponding 
treatments labeled as (T-X).  
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CHAPTER III 

RESULTS 

 

For survivorship of larvae to the prepupal stage, there was no significant difference between 

experiments (t(14) = 1.7267, p = 0.1062) or treatments (t(14) = -0.4488, p = 0.6604) (Table 1).  

The presence of C. rufifacies on a shared resource and the amount of resource significantly 

impacted (F1,169 = 5.633, p = 0.01874) larval growth of H. illucens in each experiment (Figure 2 

and Figure 3). 

 

 

Figure 2. Mean larval weights of H. illucens over time for experiment 1. Larvae in treatment 
containers were statistically y larger for days 10, 14, and 16 (α = 0.05). 
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Figure 3. Mean larval weights of H. illucens over time for experiment 2. Statistical differences 
were calculated for days 10, 12, 14, 16, and 18 (α = 0.05).  

 

For survivorship of larvae to the prepupal stage, there was no significant difference between 

experiments (t(14) = 1.7267, p = 0.1062) or treatments (t(14) = -0.4488, p = 0.6604) (Table 1). 

 Table 1. Mean percent survivorship, longevity to prepupae, and prepupal 
weight for H. illucens observed both experiments. 

 
Experiment 1 Experiment 2 

 
Control Treated Control Treated 

Survivorship (%) 88.50 83.50 92.25 99.00 
Longevity (d) 29.70 30.50 27.00 27.18 

Prepupal weight (g) 0.089554 0.070379 0.131241 0.123793 
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   CHAPTER IV 

CONCLUSION 

 

The existence of the primary colonizer C. rufifacies impacted prepupal weight and survivorship 

of H. illucens on a limited resource. No statistical difference was seen regarding weight or 

percent survival in the second experiment; however, the larger resource produced significantly 

larger prepupae at a higher survival rate in both treatments and controls. We recommend a larger 

scale study be conducted to determine whether C. rufifacies increases survivorship of H. illucens 

on vertebrate remains. Our data suggest that larger resources previously colonized by blowflies 

may encourage the growth and survival of secondary colonizers such as black soldier flies. 

Determining the cause can help explain and predict succession patterns of forensic relevance.  

We hypothesize that the differences in larval growth over time may be attributed to the physical 

or microbial impact C. rufifacies colonization has on a resource. First, the physical breakdown of 

the pork into smaller particle sizes likely allowed younger black soldier flies to feed and grow 

more effectively. At approximately day 18 of the experiment, control groups were able to feed as 

or more effectively on the untreated pork. Thus, the treatment may have become a disadvantage 

because the untreated pork was still mostly intact, allowing maggot masses to form, which 

increased the growth rate (Harshaw et al. 2007). Additionally, it is plausible that microbial 

factors introduced by C. rufifacies impacted growth, final weight, and survivorship of black 

soldier flies. In some cases, certain microbes can encourage overfeeding by H. illucens resulting 

in reduced survivorship (Heaton et al. 2014). 
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Future Research  

We recommend analyzing the Volatile Organic Compounds emitted by C. rufifacies during their 

larval development to determine which, if any, are responsible for encouraging black soldier fly 

growth. 



13 
 

REFERENCES 

 

Baumgartner, D. L. 1993. Review of Chrysoma rufifacies (Diptera: Calliphoridae). J Med. 
Entomol. 30 (2): 338-352. 

 

Brundage, A., M. E. Benbow, J. K. Tomberlin. 2014. Priority effects on the life-history traits 
of two carrion blow fly (Diptera, Calliphoridae) species. Ecol. Entomol. 39: 539-5470 

  

Byrd, J. H., and J. F. Butler. 1997. Effects of temperature on Chrysoma rufifacies (Diptera: 
Calliphoridae) development.  J. Med. Entomol. 34 (3):353–358. 

 

Byrd, J. H., and J. L. Castner. 2002. Forensic entomology: the utility of arthropods in legal 
investigations. CRC Press, Boca Raton, FL. 

  

Harshaw, L., C. Chrisawn, B. Kittinger, J. Carlson, G. Metz, L. Smith, & CJ Paradise. 
2007.  Decaying invertebrate carcasses increase growth of aedes triseritaus (Diptera: 
Culicida) when leaf litter resources are limiting. J. Med. Entomol. 44: 589-596.   

 

Heaton, V., C. Moffatt, and T. Simmons. 2014. Quantifying the temperature of maggot 
masses and its relationship to decomposition. J Forensic Sci. 59: 676-682. 

 

Matuszewski, S., K. Frątczak, S. Konwerski, D. Bajerlein, K. Szpila, M. Jarmusz, M.  
Szafałowicz, A. Grzywacz, and A. Mądra. 2015. Effect of body mass and clothing on 
carrion entomofauna. Int. J. Legal Med. 130: 221–232.  

 

Nguyen, T. X., J. K. Tomberlin, and S. Vanaerhoven. 2013. Influence of resources on 
Hermetia illucens (Diptera: Startiomyidae) larval development. J. Med. Entomol. 50 
(4):898–906. 

 

Sheppard, D. C., J. K. Tomberlin, J. A. Joyce, B. C. Kiser, and S. M. Sumner. 2002. Rearing  
methods for the black soldier fly (Diptera: Stratiomyidae): J Med Entomol. 39: 695–698.  

 



14 
 

Statheropoulos, M., A. Agapiou, E. Zorba, K. Mikedi, S. Karma, G. Pallis, C. Eliopoulos,  
and C. Spiliopoulou. 2011. Combined chemical and optical methods for monitoring the 
early decay stages of surrogate human models. Forensic Sci. Int. 210: 154–163.  

 

Tomberlin, J.K., D. C. Sheppard, and J. A. Joyce. 2005. Black soldier fly (Diptera: 
Stratiomyidae) colonization of pig carrion in south Georgia. J. Forensic Sci. 50 (1) 


