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ABSTRACT Piophila casei L. or cheese skipper is a well-known ßy with a controversial role: it is
considered harmful in the food industries but important in nature as a detritivore and useful for studies
in forensicentomology.The temperature responseofP. caseiwas studiedatÞveconstant temperatures:
15, 19, 25, 28, and 32�C. The lowest mortality percentage of eggs was recorded at 15�C and the highest
at 32�C. Conversely, less mortality was observed for maggots at higher temperatures. The develop-
mental time from Þrst instar to adult decreased with temperature reaching the lowest value at 32�C
(13.7 d). Adult longevity was strongly affected by temperature, decreasing from 20.5 d at 15�C to 6.6 d
at 32�C. Mean total fecundity per female was higher at 25�C and lower at 15 and 19�C, whereas the
best performance in mean daily total fecundity per female was recorded at 32�C. Male longevity
followed a similar trend to the one observed for females. The net reproductive rate (R0) was greatest
at 25�C, whereas the highest rm was recorded at 32�C. At this latter temperature, the highest mean
generation time (T) and doubling time (D) were also observed. The Þnite rate of increase (�) was
augmented slightly with higher temperatures.
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THE CHEESE SKIPPER FLY, Piophila casei Linneus
(Diptera:Piophilidae), is a speciesbelonging toa small
genus that has been reported throughout the world
and is considered a cosmopolitan species (McAlpine
1977). P. casei is an insect that generates interest in
different Þelds; its biology has stimulated the interest
of several entomologists since the beginning of the last
century (Alessandrini 1907, Simmons 1927, Smart
1935), probably because of the dispersal of the ßy into
various habitats and to the controversial role it plays:
it is considered important in nature as a detritivore and
harmful in some food industries. Typically, its larvae
prefer to develop in exposed carrion, including human
corpses in advanced stages of decay (McAlpine 1977,
Smith 1986, van der Louw and van der Linde 1993).
Nevertheless, P. casei frequently assumes a high local
economic importance because of the serious damage
that it can cause in stored products with abundant
sources of protein. Direct damage is caused by the
larvae that develop inside cheese, milk derivatives,
ham, meat, and cured Þsh (Simmons 1927, Leclercq
1946, Zuska and Lestovka 1965, Domenichini 1976,
Hegazi et al. 1978, Busvine 1980, Haines and Rees
1989), whereas indirect damage is possible in food
manufacturing industries where the ßy can vector
pathogens (Greenberg 1971, Domenichini 1991). For
the food industry, the presence of the ßy is undesir-
able. Unfortunately, chemical control of the ßy in food

manufacturing areas is difÞcult because of the chem-
ical residuals and the propensity of P. casei to develop
resistance to insecticides (Rossi and Presciuttini
1996). Curiously, larvae of P. casei are fundamental in
the production of some valuable cheeses in Italy (Ot-
togalli 2001) and Croatia (Miokovic et al. 1997).

This species is also of medical and veterinary inter-
est because of the various myasies (enteric, nasal, and
urinal) that it can cause (Zumpt 1965, Perez Inigo
1971, el Serougi el 1991, Saleh and el Sibae 1993, Passos
et al. 2004). Moreover, P. casei is an important ßy
species in forensic entomology because is informative
for the estimation of postmortem interval (Smith 1986,
Early and Goff 1986, Liu and Greenberg 1989,
Schoenly et al. 1996, De Jong and Chadwick 1999).

To date, there are only a few partial studies on the
biology of the cheese skipper (Smart 1935, Hegazi et
al. 1978, Costa et al. 1986, Belcari and Antonelli 1992),
and none of these provide useful data on the effect of
temperature on demographic parameters (e.g., devel-
opment, longevity, fecundity, and life tables). Con-
struction and analysis of life fertility tables is a stan-
dard ecological method used to describe and estimate
the insect population dynamics for any given time.
They can be used to generate useful models of insect
populations in various environmental conditions
(Gilbert et al. 1976, Southwood 1978, Southwood and
Henderson 2000). In this study, ßies were reared in
controlled environments at Þve different constant
temperatures. Results are recorded and summarized1 Corresponding author, e-mail: cocuzza@unict.it
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as life table statistics to provide useful information for
the control of P. casei in food industry in which tem-
peratures could be regulated and for its practical use
in forensic entomology, for which limited published
information on its biology are available (Anderson
1999).

Materials and Methods

Rearing Conditions. A colony of P. casei was estab-
lished in the laboratory in 2001 from wild specimens
collected in some ripening rooms of dairies located in
Ragusa, Italy. Colonies were reared for �1 yr before
the experiments began in cages (length 40 cm by
width 50 cm by height 50 cm) maintained in climatic
chambers at a constant temperature of 27 � 1�C, 70 �
5% RH, and a L8:D16 photoperiod. This photoperiod
was chosen because it is the standard regime main-
tained in dairies. The ßies were fed with an artiÞcial
diet consisting of agar (20 g), powdered milk (80 g),
dry yeast (50 g), nipagine (1 g), ethyl alcohol (10 ml),
and water (1,000 ml) (Sacchi et al. 1971). Fresh diet
was provided every 2 d and was used as an oviposition
substrate and moisture source.
Development and Survivorship of Immature
Stages. The effects of temperature on developmental
time, survival, and fecundity of P. caseiwere evaluated
in growth chambers at constant temperatures of 15, 19,
25, 28, and 35 � 1�C, 70 � 5% RH, and a L8: D16
photoperiod. These temperatures were selected be-
cause they are similar to the range recorded in dairies
in the periods of higher infestation level (in autumn
and summer).

To obtain synchronized eggs, adult females (�200
for each temperature) were incubated at 28�C for 5 h.
The eggs of the ßies (�2 h old) were collected with
a palette knife from stock colonies, put in groups of 10
into plastic petri dishes (9 cm in diameter by 2 cm
high), and incubated at the Þve temperatures. The
total number of eggs incubated at each temperature
were 630, 850, 1,120, 1,682, and 1,810 at 15, 19, 25, 28,
and 32�C, respectively. Each petri dish containing 10
eggs was considered one replicate. To record devel-
opmental time and percentage of egg eclosion,
progress in embryonic development was monitored
twice a day with a stereoscopic microscope until
hatching.

To determine juvenile developmental time, sur-
vival, and sex ratio of the larval stages at the Þve
temperatures, all the newly hatched larvae (with the
exception of those maintained at 15�C, for which only
401 larvae were selected) were collected and trans-
ferred in groups of 10 into bigger plastic petri dishes
(12 cm in diameter by 2.5 cm high). Development and
mortality of larvae were recorded daily (twice a day
in trials at 28 and 32�C) until they reached the pupal
stage. The age of the larvae was determined on the
basis of the different degrees of sclerotization of the
cephalopharyngeal apparatus. Food was replaced
daily during the whole period of larval and pupae
development to maintain a constant level of humidity.

Natural mortality of the immature stages of P. casei
in all treatments was expressed as relative mortality
rate (day�1) using the following formula (Rabbinge
1976):

RMR � lnNt � lnNt��t/�t

where lnNt and lnNt��t are the natural logarithm of
the number of larvae at the beginning and at the end
of the stage, respectively, and �t is the developmental
time.
Longevity and Reproduction.To evaluate the num-

ber of eggs laid and adult longevity of the cheese
skipper at the Þve temperatures, 40 male:female pairs
of newly emerged adults (�1 h old) were randomly
chosen from those followed during larval develop-
ment. Pairs were conÞned in separate Plexiglas con-
tainers (12 cm in diameter by 3 cm high), provided
with vent holes on the lid and covered with a Þne mesh
nylon screen to allow ventilation. Food was replaced
daily, and temperature was checked daily by placing
a thermometer inside containers without larvae. Pre-
oviposition (the age, in days, before the Þrst deposi-
tion of eggs), oviposition period (days), number of
eggs laid, and survival of adults were recorded daily
until all adults had died.
Statistical Analysis and Fertility Tables. The effects

of treatments on eggs, larval developmental times, and
adult life history (i.e., longevity, preoviposition, and
oviposition period) were determined using a one-way
analysis of variance (ANOVA), and t-tests (P� 0.05)
were used for post hoc comparisons (StatSoft 1996).

Life and fertility tables were constructed on the
basis of life history of immature stages and adults
observed during the experiment. From previous lab-
oratory results, we assumed a sex ratio of 1:1 in all
treatments. For each temperature, daily age-speciÞc
survivorship (lx) and age-speciÞc fecundity (mx) were
used tocalculate intrinsic rateofnatural increase(rm),
expressed as the number of females produced per
female per day, using the following formula (Birch
1948):

�
x�1

�

e�rmxlxmx � 1

where � is the oldest age class, lx and mx are the
proportion of surviving females at the age x and the
number of female progeny produced per female in the
age interval x, respectively. With a stable age distri-
bution and under given climatic and food conditions,
the intrinsic rate of natural increase is a useful com-
parative statistic of population growth potential
(Southwood 1978). Values of rm were compared using
conÞdence intervals, and the estimated SE of rm was
calculated by the Jacknife method (Hulting et al.
1990). Further data were also calculated for each tem-
perature: gross reproductive rate (GRR � 	Mx or the
total number of eggs produced per female during the
lifetime), net reproductive rate (R0 � 	lxmx or the
number of female offspring produced per female),
Þnite capacity for increase (� � erm or the number of
times the population will multiply itself per unit of
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time), mean generation time (T � lnR0/rm, measured
in days), and doubling time (D � ln2/rm or the num-
ber of days required for the population to double its
numbers) (Birch, 1948, Andrewartha and Birch 1954,
Southwood 1978). Capacity for increase (rc � lnR0/
Tc) and cohort generation time (Tc � 	xlxmx/	lxmx)
(Laughlin 1965) were also calculated.

Results

Development and Survivorship of Immature
Stages. The effects of Þve constant temperatures on P.
casei development are summarized in Table 1. Tem-
perature signiÞcantly affected embryonic develop-
ment (F � 5818,3; df � 4,4131; P � 0.05); at 15�C,
embryonic development was completed in 7.4 d,
which was the longest time required. About one half
that time was necessary at 19�C (3.9 d), and very short
intervals were recorded at 25, 28, and 32�C (1.4, 1.5,
and 1 d, respectively). No signiÞcant difference (P

0.05, t-test) was noted between 25 and 28�C, whereas
the differences at the other temperatures were sig-
niÞcant. Developmental time of the larval stages was
strongly inßuenced by temperature. SigniÞcant dif-
ferences were recorded in almost all the treatments
(Table 1). More than twice the number of days was
needed at 15 and 19�C compared with the other tem-
peratures. At 32�C, all the three larval stages were
completed in �10 d. Duration of pupal stage reßected
the trend observed during the previous instars (F �
2113; df � 4,1065; P � 0.05); at 15�C, the number of
days was signiÞcantly higher (17.4 d) than at the other
temperatures, whereas it was similar at 25 and 28�C
(6.9 and 6.4 d, respectively) and very low at 32�C (4.1
d). High mortality occurred among eggs maintained at
the higher temperatures (Table 2). An interesting
Þnding was that, at 15 and 19�C, a low mortality rate
was recorded, whereas the proportion of eggs that did
not complete the embryonic development increased
progressively with temperatures. Regarding mortality

of the other larval stages, the results indicate that the
Þrst instar was more affected at 15 and 19�C (0.052 and
0.073, respectively), whereas at 25, 28, and 32�C, mor-
tality was very low (0, 0.020, and 0, respectively). The
mortality recorded with pupae was very low at all
temperatures, and it is interesting to note that, at 15�C,
all pupae reached adulthood. Data on total mortality
indicate that at 32�C mortality was the highest, in
consequence of the great number of eggs that did not
complete embryonic development. However, at 15
and 19�C, eggs survived better, but greater mortality
occurred in the following instars, with exception of the
pupal stage at 15�C.
Longevity and Reproduction. Temperature also af-

fected adult longevity (F � 30.7; df � 4,195; P � 0.05
for females; F � 42.5; df � 4,195; P � 0.05, for males;
Table 3). No difference (P 
 0.05) in longevity was
evident between females kept at 15 and 19�C (20.5 and
17.5 d, respectively), whereas both were signiÞcantly
longer (P � 0.05) compared with 25, 28, and 32�C
(13.3, 8.5, and 6.6 d, respectively). Among these latter
temperatures, the differences were signiÞcant in all
the cases (P� 0.05). Males, on average, lived slightly
shorter times than females, but similar trends in lon-
gevity were observed at all tested temperatures (Table
3). Adult survival decreased gradually with time at
each temperature tested (Fig. 1). At 36�C, a steeper
decline in adult survivorship was observed, whereas it
was slowest at 15 and 19�C. Mating occurred without
noteworthy courtship behavior, and the sexually re-
ceptive period of females varied with temperature.
This interval was longer at 15 and 19�C than at 28 and
32�C. Females of the cheese skipper are monogamous
and are refractory to further copulations after mating.
If females were disturbed during copulation, they
again became receptive within a short period of time.
Females deposited their eggs essentially in batches of
a variable number of eggs (from 3 to 100). Sometimes,
at the beginning of the oviposition period, eggs were
laid singly. Temperature had a signiÞcant effect on the
duration of the preoviposition and oviposition period
and on cumulative number at eggs laid (Table 3).
Compared with other temperatures, preoviposition
time was signiÞcantly longer at 15 and 19�C (5.9 and
4.8 d, respectively; P � 0.05), and despite greater
survival, the average number of eggs laid (99.3 and 97.2
eggs per female, respectively) and the oviposition rate
(3.8 and 5.8, respectively) were signiÞcantly smaller.
However, under these conditions, a more regular dis-
tribution of eggs was laid during the oviposition pe-

Table 1. Mean developmental time (days � SE) of the immature stages of P. casei at five constant temperatures

Instars 15�C n 19�C n 25�C n 28�C n 32�C n

Egg 7.4 � 0.1a 630 3.9 � 0.1b 733 1.4 � 0.02c 874 1.5 � 0.01c 949 1.0 � 0.01d 950
L1 8.8 � 0.1a 401 6.3 � 0.1b 462 3.8 � 0.03c 874 3.3 � 0.02d 890 2.5 � 0.02e 950
L2 6.5 � 0.1a 300 6.2 � 0.1a 281 4.1 � 0.03b 596 3.8 � 0.01b 623 3.1 � 0.01c 767
L3 17.0 � 0.3a 114 13.9 � 0.3b 239 6.5 � 0.1c 452 4.7 � 0.1d 449 4.0 � 0.02e 419
Pupae 17.4 � 0.3a 114 14.3 � 0.2b 174 6.9 � 0.1c 421 6.4 � 0.1c 405 4.1 � 0.1d 400
L1Ðpupae 50.0 � 0.4 114 39.8 � 0.4 174 21.9 � 0.2 182 18.2 � 0.7 400 13.7 � 0.1 400

Means within a row followed by the same letter are not signiÞcant different (t-test, P 
 0.05).

Table 2. Relative mortality rate (per day) for the immature
stages of P. casei at five constant temperatures

Instars 15�C 19�C 25�C 28�C 32�C

Egg 0.0014 0.0387 0.1775 0.3865 0.6349
L1 0.0516 0.0733 0 0.0195 0
L2 0.0443 0.0802 0.0934 0.0939 0.0690
L3 0.2932 0.0352 0.0425 0.0697 0.0756
Pupae 0 0.0262 0.0103 0.0161 0.0113
Total 0.0475 0.0492 0.0343 0.0468 0.0631
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riod. At 25�C, the distribution was similar to the pre-
vious, but the average number of eggs laid (136.6 eggs
per female) was higher during the entire lifespan. It
reached the peak after �6 d and decreased slowly in
�12 d. At 28 and 32�C, females of the cheese skipper
produced an average of 110.1 and 125.1 eggs, respec-
tively, and the preoviposition period was signiÞcantly

shorter (2.3 and 1.3 d, respectively). Oviposition rate
resulted the highest at 32�C (17.9 eggs/d), and no
signiÞcant differences were recorded between at 25
and 28�C (P 
 0.05). At these latter conditions, the
number of eggs laid increased rapidly 1 d after the
beginning of oviposition, with higher production dur-
ing the second to third day (22.5 and 37.1 eggs per

Fig. 1. Survival rate (lx) and age-speciÞc fecundity rate (mx) of P. casei at Þve constant temperatures.

Table 3. Adult longevity, preoviposition period, fecundity, and oviposition rate of P. casei at five different temperatures

15�C 19�C 25�C 28�C 32�C

Male longevity (d) 17.7 � 0.5a 17.6 � 1.5a 9.3 � 0.9b 8.1 � 0.6b 6.5 � 0.5c
Female longevity (d) 20.5 � 1.6a 17.5 � 1.3a 13.3 � 0.9b 8.5 � 0.7c 6.6 � 0.4d
Preoviposition period (d) 5.9 � 0.3a 4.8 � 0.3b 3.4 � 0.1c 2.3 � 0.1d 1.3 � 0.1e
Fecundity (no. eggs) 99.3 � 20.2a 97.2 � 9.7a 136.6 � 18.5ab 110.1 � 10.2a 125.1 � 8.5ab
Oviposition rate (no. eggs/d) 3.8 � 0.6a 5.8 � 0.6a 9.6 � 1.3b 12.2 � 0.9b 17.9 � 0.9c

Means within a row followed by the same letter are not signiÞcant different (t-test, P 
 0.05).
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female), and production progressively decreased from
�10 to 4 d at 28 and 32�C, respectively.
Fertility Tables. Differences in the ßiesÕ tempera-

ture responses are further evidenced by their intrinsic
rates of natural increase (rm; Table 4). Based on the
calculated rm values, the highest reproductive poten-
tial of P. caseiwas recorded at 32�C (0.1216), and good
performances were observed also at 25 and 28�C
(0.0862 and 0.0955, respectively). Data on rm values at
15 and 19�C indicate a slow but considerable capacity
to increase (0.0222 and 0.0278, respectively), reßect-
ing a certain difÞculty of this ßy to develop at low
temperatures. The other parameters calculated show
similar decreases with temperature. It is notable that
the highest net reproductive rate (R0) was recorded
at 25�C, reßecting essentially the better equilibrium
between longevity and fecundity of females at this
temperature. The lowest values were estimated at 15
and 19�C (4.50 and 4.13, respectively). Consistent with
the pattern of longevity gross reproductive time, 	Mx

was highest at 15�C (121.9) and lowest at 32�C (61.1).
The mean generation time (T), doubling time (D),
and Þnite rate of increase (�) were lowest at 32�C
(18.2, 5.7, and 1.13, respectively). Conversely, at 15�C,
the ßy showed the worst performance. The slight
augment of � with increasing temperatures indicates,
however, that, under most conditions, the populations
are rather stable.

Discussion

Temperature is a key factor for the development,
survival, and reproduction of poikilothermic organ-
isms (Andrewartha and Birch, 1954, Sharpe and
DeMichele 1977). This study is a complete report of
the life cycle of P. casei at different temperatures. A
partial study on the effects of temperature on larvae of
P. casei was conducted by Belcari and Antonelli
(1992), who recorded the development between 9
and 45�C. They reported 10Ð36�C as a useful range for
embryonic development. The authors observed that
the eggs developed in 1.2, 1, and 0.9 d at 25, 28, and
33�C, respectively, whereas this took a noticeably
shorter time at 13 and 18�C (4.7 and 2.9 d, respec-
tively). Our data agree also with Hegazi et al. (1978)
(1.02 d at 28�C) and differ from those reported by
Costa et al. (1986), who recorded 2 d at 27�C.

Data recorded by Belcari and Antonelli (1992) on
developmental time of larvae appear partially differ-

ent from our results, but comparisons are difÞcult to
make because of the different temperatures used in
their research, although the diet used was the same as
us. They reported that larvae required 31.1 and 14.7 d
at 13 and 18�C, respectively. More similar are the data
at 28 and 33�C (13.2 and 8.7 d, respectively). Similar
Þndings were reported by Sacchi et al. (1971) at 27Ð
30�C. Hegazi et al. (1978) stated a decisive role of the
quantity of proteins in the diet of the larvae in their
developmental time. The authors, using fermented
milk with different contents of proteins as the diet,
assessed that, at 27�C, larvae completed the develop-
ment in 8.4 and 14.3 d when fed on food containing 5.6
and 3.06% of proteins. Costa et al. (1986), rearing the
larvae at 27�C with cured dried meat, found only 6 d
required to complete the three larval stages. The de-
cisive role of protein on development of detritivore
ßies is shown in several studies (Daniels et al. 1991,
Tachibana and Hideharu 2001). The larvae fed on
meat had markedly reduced developmental time with
respect to other diets based on milk and yeast.

Although slightly higher, the percentage of mortal-
ity on pupae recorded by Belcari and Antonelli (1992)
was similar to the results obtained in this study. On the
contrary, the times recorded by Busvine (1980) and
Smart (1935) at 25�C (8.3 d) were noticeably higher.
Hegazi et al. (1978) at 27�C found 6.4 and 7.3 d,
depending on the food offered.

The great plasticity of the species has been shown
by other research, which reported that larvae can
survive temperatures of 9Ð10�C for up to 6 months
(Busvine 1980) and can survive for 30 d at 5�C (Sacchi
et al. 1971). Other studies have shown that larvae
could resist �4�C for 
10 d (Hegazi et al. 1978) and
�15�C for 2Ð3 d (Sacchi et al. 1971). In this study at
15�C, eggs were the stage more resistant. This Þnding
does not agree with the Þndings of Belcari and An-
tonelli (1992), who recorded a lower survival of eggs
at 13 and 18� and greater survival at 28 and 33�C. The
same authors, in accordance with our results, reported
a strong percentage of mortality observed on larvae at
13 and 18�C (87.5 and 50.4%, respectively), whereas
the percentage of larvae that completed juvenile
stages was higher at 28 and 33�C (19.7 and 12.9, re-
spectively). Belcari and Antonelli (1992) asserted that
the optimal thermic conditions for the development of
preimaginal instars of P. casei is �33Ð36�C, because
under these conditions, the mortality remained below
10%. Our results show good performance of the ßy at

Table 4. Demographic statistics of P. casei at five constant temperatures

15�C 19�C 25�C 28�C 32�C

Ro 4.50 4.13 13.38 9.43 9.12
rm (�SE) 0.0222 (�0.021) 0.0278 (�0.0071) 0.0862 (�0.0037) 0.0955 (�0.0016) 0.1216 (�0.001)
rc 0.0229 0.0268 0.0848 0.0950 0.1212
T 67.74 51.12 30.11 23.49 18.18
Tc 68.66 51.69 30.60 23.60 18.24
l 1.02 1.03 1.09 1.10 1.13
D 31.23 24.98 8.05 7.26 5.70
Smx 121.94 97.02 96.77 69.60 61.10

Ro, net reproductive rate; rm, intrinsic rate of natural increase; T, mean generation time; Tc, cohort generation time; l, Þnite capacity for
increase; D, doubling time; Smx, gross reproductive time.
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temperature between 15 and 28�C, whereas the high-
est mortality rate occurred at 32�C. This pattern could
reßect the holarctic origin of Piophilidae (McAlpine
1977).

Few data are available on longevity and survivor-
ship of adults of P. casei.Hegazi et al. (1978) reported
avery short lifespanat27�Ccomparedwithour results.
Depending on the protein contained in the food of-
fered, females lived on average only 5.4 and 4.6 d and
males lived 4.3 and 3.5 d. In this study, reduced lon-
gevity of both females and males at 32�C emphasizes
the adverse effects of high temperatures on longevity
and also on fecundity, considering that the best per-
formance was observed at 25�C. At 15�C, even though
females lived longer, they were less fecund. The fe-
cundity curves indicate that the ovipositional peak
was reached at the beginning of the reproductive
cycle, conÞrming the hypothesis of Sharpe and
DeMichele (1977), who associated this behavior with
the increase in metabolic rate.

The biological data obtained in this study indicate
that this species is well adapted to a wide range of
thermic regimens, and this characteristic, together
with its good reproductive potential at various con-
ditions, can lead to a strong capacity to colonize dif-
ferent environments. When storage conditions are
favorable to rapid development of ßies, detection at an
early stage can prevent serious levels of damage. Data
obtained through laboratory conditions could be use-
ful for predicting the biotic potential under speciÞc
Þeld conditions. Moreover, further research on the
role of quality of food on the developmental rate and
fecundity of P. casei is needed.

The Þndings of this study could provide useful data
for forensic entomology. For example, if a population
reaches a stable ageÐstage distribution and the mor-
tality factors are only the physiological ones, a P. casei
population at 32�C can multiply 9.118 times in an
average of 18.178 d, with an exponential rate of
0.236/d. In a case reported by Benecke (1998), the
presence of P. casei in a decayed human body was
informative to date the death. Nishida (1984) studied
the growth rate of Chrysomya megacephala (F.)
(Diptera: Calliphoridae) at different temperatures
and found that the data can be used successfully to
estimate the postmortem interval.

Because of the importance of P. casei as a food
storage pest and in medical and forensic entomology,
more attention should be addressed to the ecology of
the ßy.
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