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Wing shape allows reliable identification of Piophilidae species (>95% success)



Identification of sex and geographic population can be ambiguous (20-80%
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Discrimination between Prochyliza nigrimana morphs is relatively successful
(80%)

An R code for semi-automatic identification of Piophilidae species is presented
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Abstract

The Piophilidae (Diptera) are a family comprising about 80 species, several of them of
high economic and forensic relevance. An unequivocal species identification is crucial
for designing effective control measures or to provide reliable estimations of the
minimum post mortem interval. However, the identification may sometimes not be
possible, either because the diagnostic morphological characters are not easily
observable or very fragile, or because of a poor DNA quality and/or unavailability of
1

reference molecular signatures. In the recent years, the use of wing morphometric
techniques has emerged as a powerful tool for the identification of different families of
forensically important Diptera. The present study applies, for the first time, this
technique to the identification of 11 Piophilidae species of forensic relevance in the
Nearctic and Palaearctic regions, as well as to the discrimination of sexes, distinct
geographical populations and, in the case of the dimorphic species Prochyliza
nigrimana (Meigen), seasonal morphs. Wing shape variation was analysed using 14
landmarks located at wing vein junctions and a cross-variation analysis was used to test
the reliability of identifications. The present results demonstrate that wing shape can be
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used to identify most species with relatively high success, whereas cross-validation
analyses indicated that discrimination between sexes, populations or morphs was less

effective, even if significant differences were observed in every comparison. We
conclude that wing morphometrics can be a powerful identification tool that might be
used in combination with other methods in order to achieve accurate and reliable
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species identifications —independently of the sex, geographic origin or colour variation
of the samples— even with those piophilid species that have been object of frequent

lP
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misidentifications.

Keywords: Piophilidae; Forensic entomology; geographical variation; morphometry;

ur

Introduction
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With around 80 described species, the Piophilidae are a relatively small family
of Diptera widely distributed throughout the world but more represented in the cooler
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and temperate regions of the Northern Hemisphere [1]. According to the most widely
used classification of the family [1], the Piophilidae can be divided into two
subfamilies, Neottiophilinae, whose larvae are ectoparasites of birds, and Piophilinae,
which can be divided in turn into two tribes, Mycetaulini, whose larvae usually develop
on decomposing fungi, and Piophilini (divided in turn in two subtribes, Piophilina and
Thyreophorina), whose larvae usually develop on carrion and proteinaceous animal
products. Due to this sarcosaprophagous biology, several species within the tribe
2

Piophilini can be of forensic relevance, either as major pests for food and textile
industries or as potential indicators associated with cadavers in advanced stages of
decomposition [2, 3].
One of the standards for good practice in forensic entomology is the reliable
identification of the collected insect species [4]. Morphological dichotomous keys are
the most widely used identification tool and, in the case of the Piophilidae, the
monograph by McAlpine [1] provides keys to the adults of the world fauna of this
family. However, in spite of its unequivocal value, McAlpine’s monograph [1] does not
include some forensically relevant species described afterwards (e.g., [5, 6]), which
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might lead to an erroneous identification of the collected material [7, 8]. On the other
hand, recently published keys are restricted to either particular genera (e.g., [9, 10]) or

forensically important species from a particular geographic region (e.g., [11]).

Molecular methods might alternatively be used for identification; however, molecular
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signatures have only been developed for a few piophilid species [12]. Furthermore,

molecular tools may sometimes provide ambiguous identifications [13] and sometimes
their use may not be feasible at all, e.g. if the samples are poorly preserved and quality

lP

the access to molecular facilities.
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DNA extraction is not possible, or if financial constraints (or other limitations) prevent

In the recent years, the use of geometric morphometric analyses has proven to be
a powerful identification tool for insects [14]. Geometric morphometrics involves the

na

use of a series of reference points or landmarks that enable the morphological
comparison of any body structure, removing irrelevant information, such as the position
and orientation of the specimens and considering only their form [14]. In the case of

ur

Diptera, the intersections of wing veins are generally used as landmarks in this kind of
analyses. Landmark-based geometric morphometric analysis of Diptera wings is a
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simple, cheap, fast and, most importantly, reliable method for identification and,
consequently, it has increasingly been applied to forensically important families like
Calliphoridae [15, 16], Muscidae [17] or Sarcophagidae [18]. Moreover, in addition to
species identification, geometric morphometric analysis of wings can also be used to
investigate variability between geographical populations (e.g., [19, 20]), seasonal
morphs (e.g., [21]) or sexes (e.g., [18, 22]) within the same species. Precisely, the only
study published to date that used wing morphometric analyses on Piophilidae attempted
to investigate the sexual dimorphism in wing shape in the cosmopolitan species
3

Piophila casei (Linnaeus) [23]. However, the wing imaged by Nuñez Rodríguez & Liria
[23] and identified as belonging to P. casei does not correspond to a wing of Piophilidae
(see Discussion). This, as well as previous cases in which the similarity between species
[8] or the colour variation among seasonal morphs within one species (e.g., [9, 24])
have been a source of misidentifications, emphasises the need for improved
identification methods for piophilid flies.
The main aim of the present study is to evaluate the reliability of wing
morphometric analyses for the identification of 11 forensically relevant species of
Piophilidae in Europe and North America, providing simple and user-friendly identifiers

ro
of

for public use. In addition, wing shape differences between sexes in 7 species and
between seasonal morphs within the species Prochyliza nigrimana (Meigen) are also

investigated. Prochyliza nigrimana shows two distinct seasonal morphs: a dark morph,
which emerges in early spring, and a pale morph, which emerges in late spring and most
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abundantly in summer [24]. Finally, because several piophilid species show wide or

even cosmopolitan distributions, probably due to their synanthropic habits [1, 2, 3], a
preliminary study of wing shape variation between different geographic populations

Material and methods

lP
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was carried out using 4 widely distributed species.

A total of 239 specimens belonging to 11 species of Piophilidae were used in the

na

present study (Table 1). Species with reportedly forensic relevance in the Nearctic and
Palaearctic were selected [3, 11], although some species actually show wider
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distributions (Table 1). As for most species only collected wild adults were used, the
sample size used for each species and sex depended on their availability. Wherever
possible, specimens from different localities and/or countries were used (Table 1). The
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wild adult specimens were collected using carrion-baited traps or on a variety of animal
carcasses in central Spain [25, 26], using a modified Redtop® fly trap (Miller Methods,
Pretoria) in the Wildlife Garden of the Natural History Museum, London, UK [27], and
on wild boar carcasses in northern Algeria [28] (Table 1). For the species Proc.
nigrimana, representatives from the two morphs (dark and pale) collected using carrionbaited traps in the locality of Lozoya, central Spain [24], were used (Table 1). For the
Canadian samples, generation F2–F4 adults from laboratory colonies at the University
4

of Ottawa were used. Those laboratory colonies had been founded with adult specimens
collected on animal carcasses and shed moose antlers at Algonquin Wildlife Research
Station (Ontario, Canada). In addition, 18 specimens of the species P. casei collected on
pig carcasses in Perth, Australia, and kindly provided by Dr. Aída Gómez were also
included in the analysis in order to introduce individuals from a distant population in the
case of a species with a cosmopolitan distribution (Table 1). All the specimens had been
preserved in either 95% ethanol (Canadian samples) or 70% ethanol (the remaining
samples) and identified using available morphological keys [1, 5, 6, 11].
The procedure for sample preparation and analysis was similar to those
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described in previous studies on other forensically important Diptera families (e.g. [15,
18]). The right wing of each specimen was removed using a pair of fine forceps and

placed on a microscope slide where a few drops of water-soluble resin dimethyl
hydantoin formaldehyde (DMHF) had been added. The wings were always placed in the
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same orientation. The slide was then covered with a microscope coverslip and dried at
room temperature for 24 hours.
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Each wing was photographed using a stereoscopic microscope model Leica EZ4
D equipped with a digital camera and Leica Application Suite V. 2.1.0 software. The

lP

images resolution was 2048x1536 pixels. Examples of wing images for each studied
species are shown in Fig. S1. The resulting images were used to build tps files using
TpsUtil V. 1.76 software (http://life.bio.sunysb.edu/morph/) to minimise the potential

na

bias when digitising landmark locations [15, 18]. In total, 14 landmarks were used.
These landmarks corresponded with the intersections between the wing veins and the
intersections between the wing veins and the wing margin, and were always placed in

ur

the same order (Fig. 1). The use of those landmarks whose placement was complicated
due to its difficult observation was avoided. The landmarks were digitised using the
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software TpsDig2 V. 2.31 (http://life.bio.sunysb.edu/morph/).
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Figure 1 – Wing of Piophila megastigmata showing the reference points (landmarks) used
in this study

Digitised landmarks were subsequently loaded into the software MorphoJ V.

re

1.06d [29] to carry out a series of analyses. First, a Procrustes analysis removed the
differences in size and orientation from the samples, so only wing shape was used for
identification. Then, a principal component analysis (PCA) displayed the variation

lP

present in wing shape between species, and a series of canonical variate analyses (CVA)
determined the morphological differences to discriminate between groups (species and
populations). Mahalanobis distances were calculated to compare morphological

na

differences between species, populations, sexes or, in the case of Proc. nigrimana,
morphs. A linear discriminant analysis (LDA) followed by a cross-validation analysis

ur

were performed using PAST V. 3.21 [30] and MorphoJ V. 1.06d [29] to validate the
discrimination of species, populations, sexes and in the case of Proc. nigrimana,
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morphs. To discriminate between populations, only those species with at least four
individuals available from each locality (Table 1) were used in the analyses. To
discriminate between sexes, only those species with at least five individuals available
from each sex (Table 1) were used in the analyses. Finally, the Mahalanobis distances
between species were used to build a UPGMA similarity tree using PAST V. 3.21 [30].

Results
6

Differences between species
Considering the first two principal components, which accounted for 64.95% of
the variation (PC1 = 44.25%; PC2 = 20.7%), the PCA showed separate clusters for the
species P. casei, Piophila megastigmata McAlpine and Thyreophora cynophila (Panzer)
(Fig. S2). The CVA confirmed this, with the three aforementioned species forming
again separate clusters (Fig. 2). The two first canonical variates accounted for 72% of
the variation (CV1 = 51.2%; CV2 = 20.8%). The Mahalanobis distances obtained by
pairwise comparisons ranged from 4.1821 (Parapiophila vulgaris (Fallén)) and
Protopiophila litigata Bonduriansky) to 32.3147 (P. megastigmata and T. cynophila)
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and with P-values < 0.0001 in most cases (Table S1).
The LDA gave a percentage of cases correctly identified (i.e. specimens
correctly assigned to their actual species identity) of 100% for every species (data not

shown). However, the cross-validation analysis gave more varied percentages of cases
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correctly identified, ranging from 83.3% in the case of the species Parapiophila flavipes
(Zetterstedt) to 100% in the case of the species Pa. vulgaris, P. casei, P. megastigmata,

re

Protopiophila latipes (Meigen), Centrophlebomya furcata (Fabricius) and T. cynophila
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(Table 2). The total rate of correct identification at species level was 96.23%.
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Figure 2 – Scatter plot showing the variation in the wing shape of 11 Piophilidae species
along the first two canonical variate axes.

8

The UPGMA similarity tree based on the Mahalanobis distances (Fig. 3)
confirmed that T. cynophila is markedly different from the other species. In the tree, the
genus Piophila Fallén formed a separate cluster, unlike genera Parapiophila McAlpine
and Protopiophila Duda: Pa. vulgaris was inside the Protopiophila cluster close to
Prot. litigata, whereas Pa. flavipes was placed outside but close to that cluster and the
cluster formed by Liopiophila varipes (Meigen), Proc. nigrimana and Stearibia
nigriceps (Meigen). Centrophlebomyia furcata clustered close to those two clusters and
Pa. flavipes, thus being markedly different from the other thyreophorine species in the
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study, T. cynophila (Fig. 3).

Figure 3 – UPGMA similarity tree built using Mahalanobis distances
between species

9

Differences between sexes
Mahalanobis distances revealed significant differences between males and
females in every species, ranging from 2.3431 (S. nigriceps) to 4.9929 (P.
megastigmata) (Table S2). The LDA gave a percentage of cases correctly identified (i.e.
specimens correctly assigned to their actual sex) of 100% for the species for the species
L. varipes, P. megastigmata, Proc. nigrimana and Prot. litigata (Table 3). The other
three species analysed, P. casei, Prot. latipes and S. nigriceps, were correctly identified
>94% of the time. On the other hand, the percentages of cases correctly identified
obtained from the cross-validation analysis were substantially lower, ranging from
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36.84% (S. nigriceps) to 80% (Proc. nigrimana) (Table 3).

Differences between populations

-p

For L. varipes, the CVA showed three separate clusters: the Canadian
population, the UK population and a third group where the two Spanish populations

re

greatly overlapped (Fig. S3). Nonetheless, the Mahalanobis distances revealed
significant differences in every case, ranging from 3.9238 (the two Spanish populations)
to 9.8442 (the Spanish population SP1 and the Canadian population) (Table S3). The

lP

LDA gave a percentage of cases correctly identified (i.e. specimens correctly assigned
to their actual population) of 100% for the four analysed populations (data not shown).

na

On the other hand, the percentages of cases correctly identified obtained from the crossvalidation analysis were substantially lower, ranging from 20% (Spanish population

ur

SP1) to 71.43% (UK population) (Table 4A).

For P. casei, the CVA showed the four analysed populations overlapping (Fig.

Jo

S4). However, the Mahalanobis distances obtained by pairwise comparisons revealed
significant differences in every case, ranging from 3.6919 (Australian population and
Spanish population SP2) and 5.2456 (Algerian population and Spanish population SP3)
(Table S4). The LDA gave a percentage of cases correctly identified of 100% for the
four analysed populations (data not shown), whereas the percentages of cases correctly
identified obtained from the cross-validation analysis were again substantially lower,

10

ranging from 14.29% (Spanish population SP2) to 25% (Algerian population) (Table
4B).
For P. megastigmata, the Mahalanobis distance between the two populations
was 13.356 (P-value = 0.0001). The LDA gave a percentage of cases correctly
identified of 100%, whereas the percentage obtained from the cross-validation analysis
was 75%.
For Prot. latipes, the Mahalanobis distance between the two populations was
4.1981 (P-value = 0.0001). The LDA gave a percentage of cases correctly identified of
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100%, whereas the percentage obtained from the cross-validation analysis was 52.94%.

Differences between between morphs in the species Prochyliza nigrimana

The Mahalanobis distance between the two morphs was 3.113 (P-value <

-p

0.0001). The LDA gave a percentage of cases correctly identified of 98.46%, whereas

re

the percentage obtained from the cross-validation analysis was 80%.
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Discussion

In the recent years, geometric morphometric analyses of wing shape have
emerged as a simple, fast and reliable tool for the species identification in the

na

forensically important Diptera families Calliphoridae, Muscidae and Sarcophagidae [15,
16, 17, 18, 31]. The present study extends the utility of this method to forensically and

ur

economically important species of Piophilidae. Moreover, among the supplementary
material related to this article, we provide the wing measurements and a code written for
R (R Core Team) that can be download and used by any researcher or forensic
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practitioner, including non-taxonomists, as a simple and semi-automatic identification
tool with high reliability for most forensically relevant species in the Nearctic and
Palaearctic regions. In this sense, it must be highlighted that high percentages of correct
identifications (ranging from 83.33 to 100%) were obtained for every species; a very
similar result to that provided by previous studies on other Diptera families [15, 16, 17,
18, 31]. Species of particular forensic relevance like P. casei and P. megastigmata,
which have sometimes been misidentified in the forensic practice in the past [8] showed
11

a 100% of identification success, thus demonstrating the potential of wing
morphometrics to improve the accuracy of species identifications and, ultimately, of
forensic entomology analyses. However, particular caution must be taken with those
species showing lower identification success percentages and it is recommended to
combine wing morphometric analyses with other identification tools [1, 11, 12]
whenever possible. On the other hand, it must be taken into account that an important
limitation of the present study, which might have resulted in lower identification
success percentages for some species, is the low sample size. Piophilid flies are
frequently collected in significantly lower numbers than other families from the
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sarcosaprophagous Diptera community, such as Calliphoridae, Muscidae or
Sarcophagidae (e.g. [26, 32]) and certain species are only occasionally collected on
cadavers [3], so having a large number of samples available can sometimes be

complicated. Nevertheless, as mentioned above, the present wing measurements are
provided in the supplementary material, so the sample size could be increased for some
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species (and their identification reliability likely improved) in the near future.

The study of the wing shape has also revealed some interesting similarities and
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differences between certain species and genera. In a preliminary phylogenetic analysis,
McAlpine [1] included the genus Piophila within the same clade as genera Liopiophila

lP

Duda, Prochyliza Walker and Stearibia Lioy, as the four genera may share several
synapomorphies such as the reduced hairiness or the loss of postpronotal setae.
However, intriguingly, our analysis shows that Piophila species differ markedly in wing

na

shape from other members of subtribe Piophilina (Fig. 3). It is also interesting that,
based on wing morphology only, Prot. litigata is more similar to Pa. vulgaris than to its

ur

congener Prot. latipes and that Pa. flavipes is placed outside that cluster (Fig. 3).
Notably, Parapiophila is a controversial genus which has been suggested to be
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paraphyletic [33]. Likewise, while T. cynophila and C. furcata were placed together in
the subtribe Thyreophorina by McAlpine [1], T. cynophila was separated from all other
species in this analysis, but C. furcata is nested among the remainder of the species, all
members of Piophilina (Fig. 3). Again, the potential effect of the small sample size
available for those two species cannot be overlooked, but it must be taken into account
that the limited distribution and particular habits of thyreophorine flies make difficult
the collection of large numbers of individuals [25]. In any case, as mentioned above, the
present wing measurements can be used as a starting point and the sample size could be
12

increased in the future for those species. The functional significance of these apparent
convergences and divergences in wing shape is unknown, and furthermore, a proper
phylogenetic analysis of the Piophilidae is still greatly needed to resolve the different
discrepancies [1, 33] and potentially update the taxonomy of the family. It must also be
emphasised that no phylogenetic conclusions should be drawn using wing shape only,
as some features can result from convergent evolution [34].
Regarding Prot. latipes and Prot. litigata, both species are morphologically very
similar and the occurrence of Prot. latipes females in copula with Prot. litigata males
has been reported, which led to suggest that the limit between the two species should be
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further investigated [11]. Wing morphometrics successfully discriminate both species,
similarly to the case of the Calliphoridae species Lucilia caesar (L.) and Lucilia illustris
(Meigen), two sister species easily identified by wing shape analysis but hardly

discriminated by other methods [16]. The present results would thus support that Prot.
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latipes and Prot. litigata are actually two distinct species, emphasising the usefulness of

wing morphometric analyses as a complementary tool for double-checking the

re

identification of some problematic species [16].

Despite the observed significant differences in the wing shape between males

lP

and females, the percentages of successful identification obtained from the crossvalidation analysis did not show a successful discrimination between sexes. Significant
differences in wing shape between sexes had also been found in other Diptera families

na

[15, 18, 19, 22], although they do not interfere with species discrimination [16]. Along
these lines, Nuñez Rodríguez & Liria [23] reported significant differences in wing shape
between males and females of P. casei but only moderately high percentages of

ur

successful sex discrimination. However, it must be mentioned that Nuñez Rodríguez &
Liria [23] presented the image of a spotted wing, markedly different from the spotless
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wing of P. casei. Indeed, the spots and venation patterns of the wing imaged by Nuñez
Rodríguez & Liria [23] suggest that it may actually belong to a species of the family
Ulidiidae. This emphasises the critical importance of the reliable identifications and the
great potential of wing morphometrics as a complementary tool to improve the accuracy
of entomological methods in the forensic practice.
Geographic origin can also have an effect on wing shape, with significant
differences having been recorded between different populations of some Calliphoridae
species [16, 19, 20]. However, in spite of the significance of those differences, a reliable
13

discrimination between geographical populations is not always possible [16, 20]. A
similar result was observed in the present study where, although significant differences
were found between different populations for every analysed species, percentages of
successful discrimination obtained from cross-validation analyses were always below
80%. These results actually stress the usefulness of wing morphometric analyses in the
identification of Piophilidae species, as reliable identifications of the same species could
be obtained independently of the geographical origin of the samples.
Among certain Diptera species, differences in environmental temperature can
induce seasonal polyphenism, frequently reflected in colour variation with the
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occurrence of dark morphs during cool seasons and light morphs during warm seasons
[21, 24, 35]. This type of colour variation may sometimes lead to taxonomic problems

with the description of synonym species or erroneous identifications [21]. Both
problems have indeed been reported in association with the occurrence of seasonal
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morphs in the piophilid species Proc. nigrimana [9, 24]. The present results showed
that, even if there are significant differences in wing shape between morphs, the
observed distance between them was shorter than the distances observed between

re

piophilid species. Moreover, cross-validation analyses indicated that a reliable and
unambiguous discrimination between the two morphs of Proc. nigrimana is not

lP

possible. Hence, the use of wing morphometric analyses would reduce the likelihood of
a misidentification of colour variants of this species.

na

In conclusion, this study presents the first approach to the application of wing
morphometric analyses to the identification of forensically relevant Piophilidae in the
Nearctic and Palaearctic regions; some of them also of relevance in other

ur

biogeographical regions. Our results indicate that this technique can be a powerful tool
that might be used in combination with other methods in order to achieve accurate and

Jo

reliable identifications even with those piophilid species that have been object of
frequent misidentifications. In addition, among the supplementary material related to
this article we provide a code written for R (R Core Team) that may be used as a simple
and fast identification tool, ideally to be used in combination with other identification
methods. We also provide the wing measurement data, thus enabling the further
improvement of this identification tool by increasing the sample size or by
incorporating more piophilid species. Furthermore, given that wing morphometric
analyses have proven to be a powerful tool for the identification of Calliphoridae,
14

Muscidae and Sarcophagidae species of forensic importance [15, 16, 17, 18, 31] and
that discrimination between families and genera is also possible [16], the present dataset
may also be used to develop a larger identification tool enabling the identification of
Diptera specimens collected at the forensic scene at the family, genus and/or species
level.
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f

Species

Location
code

Location
Lozoya, Spain
Lozoya, Spain

Liopiophila varipes

London, United Kingdom

30T 431060, 4536202

SP1

30T 436732, 453732

UK0

30U 695846, 5708761

CA0

17T 709787, 5053126

Holarctic

Nº of
Nº of specimens
specimens by
(males/females)
species
15 (9/6)
5 (5/0)
14 (9/5)

44

10 (0/10)

Parapiophila flavipes

Algonquin Provincial Park, Canada

CA0

17T 709787, 5053126

Holarctic

6 (5/1)

6

Montejo de la Vega, Spain

SP2

30T 450961, 4599608

Holarctic

8 (6/2)

8

SP3

30T 472041, 4484648

SP2

30T 450961, 4599608

Bordj Bou Arréridj, Algeria

AL0

31S 629722, 3989344

Pr

Alcalá de Henares, Spain

Montejo de la Vega, Spain

Prochyliza nigrimana (Dark
morph)

5 (2/3)
Cosmopolitan

7 (2/5)
8 (2/6)

Perth, Australia

AU0

50H 389998, 6440494

18 (8/10)

Alcalá de Henares, Spain

SP3

30T 472041, 4484648

Bordj Bou Arréridj, Algeria

AL0

31S 629722, 3989344

Afrotropic and
Palearctic

20 (10/10)

Lozoya, Spain

SP0

30T 431060, 4536202

Holarctic

na
l

Piophila megastigmata
Prochyliza nigrimana (Pale
morph)

4 (2/2)

38

24

36 (20/16)
65
29 (19/10)

Lozoya, Spain

SP1

30T 436732, 453732

London, United Kingdom

UK0

30U 695846, 5708761

Algonquin Provincial Park, Canada

CA0

17T 709787, 5053126

Lozoya, Spain

SP0

30T 431060, 4536202

Villaviciosa de Odón, Spain

SP4

30T 419855, 4473962

London, United Kingdom

UK0

30U 695846, 5708761

Centrophlebomyia furcata

Las Majadas, Spain

SP5

30T 584015, 4461314

Holarctic

3 (2/1)

3

Thyreophora cynophila

La Frontera, Spain

SP6

30T 567492, 4474314

Palearctic

5 (5/0)

5

Jo
ur

Protopiophila latipes

Protopiophila litigata
Stearibia nigriceps

Thyreophorina

UTM

Biogeographic
region

Parapiophila vulgaris

Piophila casei

Piophilina

SP0

e-

Algonquin Provincial Park, Canada

GPS reference

pr

Subtribe

oo

Table 1 – Number of samples from each species used, location, UTM coordinates, code used for each location in this study and biogeographic region. The
number of samples of each population has been divided into males and females
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Holarctic
Nearctic
Holarctic and
Neotropic

5 (2/3)
12 (10/2)
10 (5/5)

17
10

16 (9/7)
1 (1/0)

19

2 (2/0)

f

P. megastigmata

Pa. flavipes

5

0

0

0

L. varipes

0

0

0

0

Prot. litigata

0

1

0

0

S. nigriceps

0

1

0

Proc. nigrimana

0

0

0

L. varipes Prot. litigata Prot. latipes C. furcata S. nigriceps T. cynophila Proc. nigrimana Total

0

pr

P. casei

0

e-

Pa. flavipes Pa. vulgaris

oo

Table 2 – Percentage of correctly classified specimens between species assessed using leave-one-out cross-validation. Species with 100% success of
identification are not included
Correctly
classified (%)

0

0

1

0

0

6

83.33

0

0

1

0

0

2

44

93.18

0

9

0

0

0

0

0

10

90

0

1

0

0

0

17

0

0

19

89.47

0

1

0

0

0

1

0

63

65

96.92

Jo
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l

Pr

41

21

Table 3 – Percentage of specimens correctly classified between sexes, obtained with LDA and
cross validation analysis, in the different species of Piophilidae used (Nº specimens by sex > 5)
Piophila
megastigmata

Piophila
casei

Prochyliza Protopiophila Protopiophila Stearibia
nigrimana
latipes
litigata
nigriceps

Linear
Discrimant
Analysis

100

100

94.74

100

94.12

100

94.74

Crossvalidation
analysis

77.27

66.66

52.63

80

58.82

70

36.84
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Liopiophila
varipes
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Table 4 – Percentage of individuals correctly classified among populations of the species A)
Liopiophila varipes and B) Piophila casei by cross-validation analysis

SP0

SP1

UK0

Total

Correctly
classified %

CA0

5

4

0

1

10

50

SP0

2

6

7

0

15

40

SP1

0

4

1

0

5

20

UK0

1

1

2

10

14

71.43

AL0

AU0

SP3

SP2

Total

Correctly
classified (%)

AL0

2

2

2

2

8

25

AU0

7

4

3

4

18

22.22

SP3

1

1

1

2

5

20

SP2

0

3

3

7

14.29
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A

