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Abstract 
The Republic of Macedonia is a country on the Balkan Peninsula without any history of forensic 

entomology use even when insects are the only available indicators of time since death. Here, we report 

forensic entomology cases in which the necrophagous blow fly Chrysomia albiceps was used for the first 

time to estimate the time between death and the discovery of the corpse or the postmortem interval 

(PMI). This is the first record of this species in Macedonia. 
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1. Introduction 
Forensic entomology, as part of forensic science, represents the use of insects in medico-legal 

context [1]. Forensic entomologists use their knowledge of insects and their life cycles and 

behaviors to give clues about a crime [2]. The decomposing corpse, as a temporary resource of 

nutrients, is exploited by a wide diversity of necrophagous insects. Among them, blowflies 

(Calliphoridae) are the first insects to arrive and lay eggs at carrion, attracted by the odor 

produced in the early stages of decomposition [3, 4]. The oviposition starts a biological clock 

whereby the subsequent determination of the age of the developing blow fly larvae is the basis 

for estimating the time between death and the discovery of the corpse or the postmortem 

interval (PMI) [5]. The rate of development of an insect is mainly governed by temperature [6]. 

Hence, knowing the stage of development of the oldest immature insects on the body, and the 

average environmental temperature of the crime scene while the body was in situ, it is possible 

to calculate an accurate PMI [7].  

The calliphorid species, Chrysomya albiceps (Wiedemann, 1819) is one of the most studied 

blow flies because of its importance in human and animal health, as well as being an important 

forensic entomology indicator frequently occurring on human bodies [8, 9, 10, 11]. Several studies 

noted that the females are carrion breeders which oviposit slightly later than other blow flies 
[12, 13, 14]. The first instar larvae of Ch. albiceps feed on the decomposing carcass, while the 

second and third instars are predaceous on other necrophagous Diptera larvae. Due to this 

aggressive behavior of Ch. albiceps larvae Faria et al. [14] found that the abundance of body 

breeding fauna may significantly decrease. In this sense, Halide et al. [15] suggest that the 

knowledge of the life cycle and feeding behaviors of the species is useful for more precise 

estimation of postmortem interval and contributes to the avoidance of errors during a forensic 

investigation. Considering the morphological features, adults and larvae of Ch. albiceps are 

easily distinguished from other carrion-associated blow fly species in Europe. The adults have 

the stem-vein haired above, anterior thoracic spiracle yellow, whitish posterior thoracic 

spiracle, genae with lower half blackish and upper half pale brown covered with dense white 

hairs, 5 to 7 proepisternal setae, black transverse marginal abdominal bands on abdominal 

segments III and IV very narrow, up to about a quarter on AIII and usually not more than 

about sixth in AIV and dense white hairs on the ventral surface of the abdomen [16, 17]. The 

larvae of Ch. albiceps, commonly named “hairy maggots” (Fig. 1 and Fig. 2) are easily 

recognized by the presence of numerous prominent fleshy protrusions along their body [18]. 
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Almost identical ultra-morphological characteristics are 

present in immature stages of Ch. rufifacies (Macquart), the 

other hairy maggot blow fly. However, this species differs 

from Ch. albiceps in having elongated tubercles and slender 

spines assembling only at the tips [19]. Apart from that, Ch. 

rufifacies was not yet reported in Europe [20]. 

Ch. albiceps originating from the Old World tropics 

represents an alien species recorded in many parts of Europe 
[8, 16, 21]. Although Grassberger et al. [8] suggested a wide 

distribution on the Balkan Peninsula, its presence in the 

Republic of Macedonia has not yet been confirmed.  

There is no published data regarding the application of 

entomological evidence in estimating PMI in the country. In 

this paper, we describe forensic entomology cases in Republic 

of Macedonia in which the necrophagus blow fly Ch. albiceps 

was used for the first time to estimate the postmortem interval 

(PMI). This is the first record of this species in the country. 

 

 
 

Fig 1: Third instar larvae of Chrysomya albiceps 

 

 
 

Fig 2: Third instar of Chrysomya albiceps: A – thoracic segment III, 

spines; B – fleshy proturbance; C – posterior spiracles 

 

2. Materials and Methods 

During July 2013, three criminal investigations involving 

entomological evidence were conducted. The cadavers were 

removed from the death scene and, autopsies were performed 

by forensic pathologists at the Institute of Forensic Medicine, 

Criminology and Medical Deontology in Skopje. The forensic 

entomologist was allowed to collect samples and document 

with photographs the decay stage of the cadavers. For a 

collection of entomological evidence, the standards and 

guidelines by Amendt et al. [4] were followed. The blow fly 

specimens were transported to the Laboratory for 

Invertebrates and Animal Ecology, at the Faculty of Natural 

Sciences and Mathematics, Skopje for further identification. 

Unfortunately, none of the specimens arrived alive. 

To facilitate the identification of the blow fly larvae and to 

visualize the morphological details of the cephalopharyngeal 

skeleton and the integument, the clearing technique proposed 

by Sukontason et al. [22] was applied. Photographs were taken 

using Olympus SZX9 and LEICA WILD M3C 

Stereomicroscope with an integrated high-resolution digital 

camera. Morphological identification of the immature and 

adult blow fly specimens was done using the identification 

keys provided by de Carvalho and de Mello-Patiu [23] and 

Szpila [24]. Blow fly specimens are deposited in the 

Macedonian National Collection of Invertebrates at the 

Faculty of Natural Sciences and Mathematics, Skopje. 

The developmental stages were identified and the length of 

individuals of most advanced stages was measured under a 

binocular microscope in 0.1 mm units using a vernier caliper. 

For estimating the PMI the age assessment of the oldest 

individuals that have developed on the body was determined 

using superimposed isomegalen and isomorphen diagrams 

prepared by Richards et al. [9]. The diagrams illustrate 

morphologically (length and stage) changes during 

development of the fly depending on the time and 

temperature. 

 

3. Results and discussion  

Case study 1 

On July 8, 2013 the dead body of a 57-year old female murder 

victim was discovered in her ground floor apartment in the 

district of Aerodrom, Skopje (41.98°N, 21.46°E). The 

apartment door and windows were closed leaving only the 

balcony door slightly opened. According to the nearest 

weather station, the mean ambient temperature on the crime 

scene was 22.5 °C. The corpse was in an advanced stage of 

decay with the head completely skeletonized. Medical 

evidence suggested that the diagnosed substantial perimortem 

head trauma was the cause of death. Examination during 

autopsy showed severe maggot infestation, particularly in the 

head region. The majority of the larvae were large sized (10-

15 mm) feeding third-instars of Chrysomya albiceps (Fig. 

3A). In addition, the head and the body were widely colonized 

with other calliphorid larvae at different stages of 

development. Empty pupal cases were not found at the 

autopsy.  

Plotting the length of the most mature individuals (third-instar 

larvae) of Ch. albiceps, and the temperature of the crime 

scene on the superimposed isomegalen and isomorphen 

diagrams by Richards et al. [9], we estimate the time interval 

between death and recovery of the body to be 11 or 12 days. 

Therefore, the oviposition probably took place between the 

afternoon of 29th and morning of 30th of June 2013. Police 

investigation proved the time of death to be the evening of 

29th of June after the confession of the victim’s son, who 

turned out to be the murderer.  

 

Case study 2 

On July 15, 2013 the body of a 30-year old male was found on 

the Veles hospital outdoor grounds (41°42'51.1"N 

21°46'32.1"E). The cadaver was fully dressed, lying on his 

side, facing the grass and had no indication of any injury. 

Meteorological data from the nearest weather station showed 

that the mean ambient temperature was 29 °C. The autopsy 
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revealed that the body was in early stages of decomposition 

with high densities of larvae, especially on the face and neck 

as shown in Fig. 3B. The larvae and the adult specimens 

collected by the forensic entomologist were identified as 

individuals of Ch. albiceps. The age determination of blow fly 

larvae showed their transition from second to third instar (5-

12 mm).  

The development curves established by Richards et al. [9] 

show that at 29 °C, Ch. albiceps reaches 3rd instars in 2.2 

days. This data indicates that the death most probably 

occurred July 13th 2013, which was in accordance with results 

from the police investigation. Namely, an autopsy confirmed 

that death occurred due to drug overdose two days before the 

discovery. 

 

Case Study 3  

In the last case presented by the authors, on the evening of 

22th of July 2013, the corpse of elderly women was 

discovered stuck in a crack between a retaining wall and the 

rocks from the slope in an area called Zajcev Rid. The 

location (42°00'56.1"N, 21°23'55.9"E) is in the transition 

zone between the urban and rural area of Skopje. The woman 

was declared missing since 7th of July and had memory 

problems due to her old age. The weather data showed that 

the mean ambient site temperature was 25 °C. 

The autopsy was performed on 24th of July. The head and 

arms were completely skeletonized, dorsal part of the body 

was dry and mummified and heavy maggot infestation was 

evident on the chest and abdomen. Because of more advanced 

postmortem changes in soft tissues, pathologists couldn’t 

determine accurate time since death. Examination performed 

by forensic entomologist confirmed that Ch. albiceps third 

instar larvae (10-14 mm) were the most numerous on the 

human corpse (Fig. 3C), although they were not the oldest. In 

this case, the individual in the most advanced stage of 

development was a single dark brown Ch. albiceps pupa (Fig. 

3D) that was used to estimate the time since death.  

The age assessment following the method by Richards et al. 
[9] indicated that the third instar larvae were no more than 8 

days old. Furthermore, the isomorphen and isomegalen 

diagrams suggest that at 25 °C, the pupal stage extends from 

the 8 to the 13 days from hatching. Therefore, the most 

probable day of oviposition for Ch. albiceps was between 12th 

and 17th of July. 

Concerning this case, it is important to stress out that Ch. 

albiceps was the only insect evidence found on the deceased 

body in advanced stages of decomposition, which could be a 

result of the aggressive feeding behavior of second and third 

instar larvae. This predatory species may clear the corpse of 

all earlier arrivers [14], and therefore the only rough estimation 

of the post mortem interval (PMI) was made. In this case, the 

lack of other entomological evidence provides no information 

about the events that took place between the 12th and 7th of 

July (the day the victim went missing), so more accurate PMI 

estimation was not possible. 

This study confirms the previous findings of many authors [8, 

11, 25, 26] about the ability of Chrysomya albiceps in colonizing 

cadavers found indoors and outdoors in urban as well as rural 

areas. In this sense, the cases described in this paper point out 

the great value of even one single species in solving forensic 

cases in various types of habitats. Moreover, the occurrence 

of Ch. albiceps in the Republic of Macedonia in the warmer 

period of the year is in accordance with Grassberger et al. [8], 

Szpila et al. [16], Kosmann et al. [25] and Vanin et al. [26]. The 

authors suggest that, to complete the development this species 

requires temperature higher than 15 °C, which could be useful 

in determining the season of death. The daily average 

temperature in the country during the winter does not exceed 

15 °C, thus the findings of the pupal cases of Ch. albiceps on 

human remains could indicate longer period since the time of 

death. 

 

 
 

Fig 3: Body breeding fauna on human cadavers: A – Diptera larvae 

in different stages of development (Case 1); B – high densities of 

larvae (Case 2); C – Third instars of Chrysomya albiceps (Case 3); D 

- Chrysomya albiceps pupae (Case 3). 

 

4. Conclusion 

In this paper the necrophagus blow fly Ch. albiceps was used 

for the first time in Republic of Macedonia to estimate the 

time between death and the discovery of the corpse (PMI). 

For appropriate estimation of PMI, the authors recommend 

close cooperation between forensic entomologists and 

forensic pathologist from the visual observations of the 

cadaver in the scene, through the collection of insects and 

temperature data up to the final report with the interpretation 

of entomological and other biological evidence. Finally, we 

hope that the results presented in this study will initiate 

further research on the application of entomological evidence 

for forensic purposes in the Republic of Macedonia. 
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