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ABSTRACT The New World subgenus Sarcophaga (Neobellieria) Blanchard is revised. The sub-
genus as previously recognized was polyphyletic. Five species, Sarcophaga semimarginalis Hall,
Sarcophaga sternalis (Reinhard), Sarcophaga subdiscalis Aldrich, Sarcophaga triplasia Wulp, and
Sarcophaga yorkii Parker, are removed from the subgenus. The remaining Þve species of Neobellieria
are paraphyletic relative to the subgenus TolucamyiaDodge; accordingly, Tolucamyia is synonymized
with Neobellieria. Neobellieria is redeÞned to include Þve species assigned previously to Neobellieria
(Sarcophaga bullata Parker, Sarcophaga citellivora Shewell, Sarcophaga cooleyi Parker, Sarcophaga
libera Aldrich, and Sarcophaga polistensis Hall), three species assigned previously to Tolucamyia
[Sarcophaga cavagnaroi (Dodge), Sarcophaga schrameliDodge, and Sarcophaga sigillaReinhard], and
one new species, Sarcophaga (Neobellieria) longisterna Giroux & Wheeler. Sarcophaga marstoniana
(Dodge) is synonymized with S. sigilla. Lectotypes are designated for Sarcophagabullata andS. cooleyi.
Although there are relatively few rearing records for most Neobellieria species, some species develop
primarily in vertebrates or vertebrate carrion; this group includes myiasis-causing species and species
of importance in forensic entomology. Two species (S. libera and S. polistensis) are associated with
nests of Hymenoptera.
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With �790 described species, Sarcophaga Meigen is
the largest genus in the ßesh ßy family Sarcophagidae
(Pape 1996). The genus is divided into 133 subgenera,
approximately half of which are monotypic. Although
a comprehensive phylogenetic analysis is needed to
corroborate the monophyly and subgeneric-level phy-
logenetic relationships of Sarcophaga (Pape 1996,
1998), an exemplar-based phylogenetic analysis in-
cluding 36 exemplar species in 31 subgenera, provided
good support for its monophyly (Giroux et al. 2009).

Aside from Sarcophaga (Helicophagella) Enderlein
(Blackith et al. 1997) the monophyly of most of the
subgenera within Sarcophagahas not been tested. This
is the case with the subgenus Neobellieria Blanchard.
Neobellieria, as deÞned by Pape (1996), comprises ten
New World species. The phylogenetic analysis of Gir-
oux et al. (2009) found that Neobellieria, represented
by four exemplar species, was polyphyletic. The
monophylyof thecladeSarcophaga(Neobellieria)bul-
lata Parker � Sarcophaga (Neobellieria) polistensis
Hall was supported but Sarcophaga (Neobellieria)
triplasiaWulp and Sarcophaga (Neobellieria) semima-
rginalis Hall were placed elsewhere in Sarcophaga: S.
(N.) triplasia was the sister-group to the Old World
clade Sarcophaga (Bellieriomima) uniseta Baranov �

Sarcophaga (Seniorwhitea) orientalis Parker, and S.
(N.) semimarginaliswas ina separatecladeas the sister
group to Sarcophaga aldrichiParker. The phylogenetic
analysis also supported a sister-group relationship be-
tween S. (N.) bullata � S. (N.) polistensis and Tolu-
camyia sigilla Reinhard as well as a sister-group
relationship between this latter grouping and repre-
sentatives of two Old World subgenera: Sarcophaga
(Pseudothyrsocnema) spinosa Villeneuve and Sar-
cophaga (Liosarcophaga) pleskei (Rohdendorf).

The biology of Neobellieria species is incompletely
known but some are economically important. Sar-
cophaga (N.) bullata, Sarcophaga (Neobellieria) citel-
livora Shewell, and Sarcophaga (Neobellieria) cooleyi
Parker cause myiasis and are of medical and veterinary
signiÞcance (e.g., Stewart 1934, James 1947, Curtis
1956, Michener 1993). Sarcophaga (N.) bullata and S.
(N.) cooleyi are associated with vertebrate carrion and
are likely to be collected on decaying human remains
(Byrd and Castner 2001, Wells et al. 2001). Sarcophaga
(N.) bullata also is frequently used as a study species
for basic entomological research (Perfectti and Wer-
ren 2001, Dacks et al. 2003).

Many species of Sarcophaga may be collected dur-
ing the Þrst and/or second wave of insects associated
with decomposing human and animal cadavers (Smith
1986, Goff 1993, Byrd and Castner 2001), but there are1 Corresponding author, e-mail: terry.wheeler@mcgill.ca.
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few suitable identiÞcation keys for these species and
their identiÞcation is difÞcult (Goff 1993, Byrd and
Castner 2001, Wells et al. 2001, Zehner et al. 2004).
Species identiÞcation of sarcophagids collected from
corpses could provide evidence for the postmortem
interval (Wells and Lamotte 2001), antemortem abuse
or neglect (Wells et al. 2001), or postmortem transport
of a corpse (Benecke 1998).

Because of the potential importance of Neobellieria
species as forensic indicators, a revision of the subge-
nus is necessary and relevant. Neobellieria is here re-
deÞned to include the Þve species of the S. (N.) polis-
tensis group, the species previously assigned to S.
(Tolucamyia) and one new species. The four species
of the Sarcophaga semimarginalis group [S. semimar-
ginalis, Sarcophaga sternalis (Reinhard), Sarcophaga
subdiscalisAldrich, and Sarcophaga yorkiiParker] and
Sarcophaga triplasia are removed from Neobellieria.
Their placement will be the subject of a separate
revision (M.G. and T.A.W., unpublished data).

Materials and Methods

This revision was based on specimens housed in the
following institutions: American Museum of Natural
History, New York, NY, USA (AMNH); California
Academy of Sciences, San Francisco, CA, USA
(CASC); Canadian National Collection of Insects, Ot-
tawa, ON, Canada (CNC); University of Guelph In-
sect Collection, Guelph, ON, Canada (DEBU); Field
Museum of Natural History, Chicago, IL, USA
(FMNH); Personal collection of Gregory A. Dahlem
(GD); Lyman Entomological Museum, McGill Uni-
versity, Ste-Anne-de-Bellevue, QC, Canada (LEM);
MuseumofComparativeZoology,HarvardUniversity,
Cambridge, MA, USA (MCZ); Museu Nacional/Uni-
versidade Federal do Rio de Janeiro, São Cristóvão,
Rio de Janeiro, Brazil (MNRJ); Montana State Uni-
versity, Bozeman, MT, USA (MTEC); Northern For-
estry Centre, Canadian Forest Service, Edmonton,
AB, Canada (NFC); Université de Montréal, Mon-
treal, QC, Canada (QMOR); Royal Ontario Museum,
Toronto, ON, Canada (ROM); Snow Entomology Col-
lection, University of Kansas, Lawrence, KS, USA
(SEMC); Swedish Museum of Natural History, Stock-
holm, Sweden (SMNH); University of Minnesota, St.
Paul, MN, USA (UMSP); and National Museum of
Natural History, Smithsonian Institution, Washington,
DC, USA (USNM). The label data of primary types are
given verbatim with data from a single label enclosed
in single quotation marks and line changes on a label
shown by a slash.

This revision is based on characters of adult ßies;
immature stages are poorly known for most species.
Illustrations and descriptions of larvae and puparia of
S. (N.) bullata and S. (N.) cooleyi have been published
by Knipling (1936), Sanjean (1957), Sivasubramanian
and Biagi (1983), and Dahlem (1991).

For examination of terminalia, the abdomen was
removed from pinned male specimens, placed in hot
10% KOH for �5 min, and transferred to glycerin for
dissection (more details in Giroux et al. 2009). Female

terminalia were separated from the abdomen by cut-
ting the membrane between segments 4 and 5 and
were cleared in the same way as males. All structures
were rinsed twice in water, once in 70% ethanol,
placed in20%acetic acid for5Ð8minandwashedagain
in 70% ethanol. For scanning electron microscopy
(SEM) study, terminalia were dissected as described
above except that the phallus was dissected in 70%
ethanol instead of glycerin and dried in two successive
changes of 70% ethanol, followed by two changes of
100% ethanol. Each dried phallus was coated with 20
nm of platinum and examined using a JEOL-JSM-6335
F Field emission SEM at the Zoological Museum of
Copenhagen, Denmark. Line drawings were made us-
ing a drawing tube on a compound or dissecting mi-
croscope. Female terminalia were photographed us-
ing a digital camera on a dissecting microscope.
Females were associated with males by mating pairs
collected in copula, and through agreement in col-
lecting localities and dates with identiÞable males.
Body length was measured from the anterior margin of
the head, excluding antennae, to the posterior margin
of abdominal tergite 5, thus excluding terminalia. This
method removes apparent variation in total length
based on whether or not male terminalia were ex-
tended before pinning but also gives a measurement
that is lower than the “total length” of the specimen.

A character matrix compiled using Mesquite version
1.05 (Maddison and Maddison 2004) included 25 char-
acters (24 binary, one multistate treated as nonaddi-
tive): six external characters of adults; 16 characters of
male terminalia; and three characters of female ter-
minalia. Sarcophaga (Pseudothyrsocnema) spinosa and
S. (Liosarcophaga) pleskei were used as outgroups
based on the phylogenetic analysis of Giroux et al.
(2009). Trees were generated using the program TNT
version 1.0, 2005 (Goloboff et al. 2003). Unweighted
analyses were conducted under the parsimony crite-
rion. Cases of character state polymorphism in termi-
nal taxa were treated as independent changes of states
within each taxon, adding extra steps to the overall
tree length. An exhaustive search was conducted and
branches were collapsed if maximum branch length
was zero. The relative degree of support for individual
nodes was assessed with bootstrap values calculated
from 1,000 bootstrap replicates and Bremer support
(Bremer 1994) performed using a sample of 30,000
suboptimal trees that were 1Ð7 steps longer than the
optimal trees.

Sarcophaga (Neobellieria) Blanchard

Neobellieria Blanchard 1939: 822 (type species: Neo-
bellieria brethesi Blanchard 1939 [�Sarcophaga
polistensis Hall 1933] by original designation).
Sapromyia Roback 1954: 64 (type species: Sarcophaga
bullata Parker 1916, by original designation).
Tolucamyia Dodge 1965: 256 (type species: Tolu-
camyia marstoniana Dodge 1965, by original desig-
nation) new synonym.
Sarcophaga (Neobellieria): Pape (1996: 366).
Sarcophaga (Tolucamyia): Pape (1996: 411).
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Diagnosis. Neobellieria may be distinguished from
other subgenera of Sarcophaga only by male and fe-
male genitalic characters. Males have two rounded
vesical lobes bearing thorn-like spines and horn-
shaped lateral styli The dome-shaped window of male
sternite 5 will distinguish S. bullata, S. citellivora, S.
cooleyi, S. libera, and S. polistensis. Females are char-
acterized by the depression of the central part of
sternite 7.
Male.Body length 5.5Ð14.0 mm. Head: ground color

black or brown usually with bronze, silvery or yellow
pruinosity; postocellar setae medium to long, procli-
nate, hair-like, extending to or beyond level of para-
vertical setae; inner vertical seta reclinate; outer ver-
tical seta as long as or slightly longer than upper
postocular; proclinate orbital setae absent; upper or-
bital setae reclinate; number of medioclinate frontal
and interfrontal setae variable; frontal vitta dark
brown; fronto-orbital plate with scattered black hairs;
parafacial yellow, gray or brown pruinose, with scat-
tered black hairs; color of genal and postgenal hairs
variable; most occipital setae white, usually 1Ð2 rows
of black setae below postocular setae; antenna dark to
light brown, junction between pedicel and Þrst ßag-
ellomere sometimes orange-red; palpus pale to dark
brown, often slightly clavate.

Thorax: ground color black or brown, usually with
gray, white, bronze or silvery pruinosity; presutural
acrostichal setae absent; one pair of prescutellar acros-
tichal setae; 4Ð5 presutural dorsocentral setae, slightly
stronger than adjacent clothing setae; number of post-
sutural dorsocentral setae variable; 1Ð2 presutural in-
tra-alar setae (anterior one stronger) � 1Ð2 postsu-
tural intra-alar setae (posterior one stronger); 1Ð2 �
3Ð4 supra-alar setae; anterior postpronotal seta
present; two basal postpronotal setae; proanepister-
num usually bare; two postalar setae; intrapostalar
setae reduced or absent; postalar wall haired; scutel-
lum with one strong, long subapical, one basal, one
discal pair of setae; variable number of strong anepis-
ternal setae, upper two always shorter and declinate;
2Ð3 katepisternal setae, if three then middle one usu-
ally smaller; infrasquamal setae present; posterior spi-
racle subtriangular with anterior Þn-shaped fringe
usually dark brown and posterior fringe usually paler.
Wing membrane hyaline; veins pale-brown; tegula
dark, brown pruinose, setulose on about half of its
surface, with one short black bristle on outer margin
and two long black bristles on inner margin; basicosta
pale, golden-beige pruinose; C extending to M1 � 2,
base strongly bristled with 2Ð3 stout bristles close to
costagial break, usually with ventral row of equidistant
minute setae extending to or just beyond R1; weak
costagial, humeral and subcostal breaks; costal spine
absent or vestigial; subcostal sclerite and stem-vein
golden-brown pruinose; base of stem-vein with cluster
of golden-brown hairs dorsally; axillary sclerites gold-
en-beige pruinose; R4 � 5 setulose at base dorsally and
ventrally, ventral rowoftenextending toproximalhalf;
bend of M acute, sometimes right-angled, bent part
concave relative to cell R4 � 5, extension at bend
sometimes sclerotized but usually present as a short

fold darkened by dense microtrichia; crossvein r-m
sometimes slightly infuscated; CuA1 ending at wing
margin as a fold with dense microtrichia; A1�CuA2

not reaching wing margin; A2 distinct as a fold dark-
ened by dense microtrichia; lateral margin of alula
with fringe of dark hairs; calypteres creamy white;
upper calypter rounded, posterior margin with white
or brown short hairs; lower calypter broadly expanded
and angular, posterior margin straight; hairs fringing
calypteres extending to lateral margin of lower ca-
lypter. Legs: ground color pale to dark brown or black;
fore coxa covered with long hairs and strong setae;
trochanters shining brown; fore femur usually with
long ventral wavy hairs on proximal half or third, with
complete row of strong dorsal and ventral setae
(longer in middle) and complete row of shorter pos-
terodorsal setae; fore tibia with one dorsal, one pos-
terodorsal, one posterior and one posteroventral setae
apically, 1Ð2 posterior setae on proximal two thirds,
2Ð4 strong anterodorsal setae on proximal part; tar-
somere length: 1�2�3�4�5 on all legs; mid coxa
covered with long hairs and strong setae; mid femur
usually with row of short posteroventral setae on api-
cal half or third, with complete row of long antero-
ventral setae, with 3Ð5 strong mid anterior setae and
with 2Ð3 strong posterodorsal setae apically; mid tibia
usually with long ventral, anteroventral and posterov-
entral hair-like setae on distal half, with 2Ð5 short
posterodorsal setae on proximal third, with 1Ð3 short
to long mid anterodorsal setae, with one long antero-
ventral, one dorsal, one posterodorsal setae on apical
third and setae of various lengths around apex; hind
coxa covered with long hairs and 2Ð3 strong setae
laterally; hind trochanter usually with dense, ventral,
strong setae (less dense on small specimens); hind
femur and tibia straight to slightly curved ventrally,
usually with numerous long anteroventral, ventral,
posteroventral and posterior wavy hairs (smaller and
less dense on small specimens and on S. citellivora);
hind femur slightly swollen in some species, usually
with one row of long anteroventral setae, with 2Ð3
dorsal and posterodorsal setae on apical third, with
one complete row of long anterodorsal setae, with
second restricted to proximal two thirds; hind tibia
with 2Ð3 anterodorsal and posterodorsal setae (an-
terodorsal row interspersed with weaker setae), with
one strong and sometimes 1Ð2 weaker anteroventral
setae at or before apical third, with one dorsal, one
anterodorsal, one anterior, one anteroventral and one
ventral setae of various lengths apically, apex with
small pad of Þne brown or black posteroventral and
posterior setae; Þrst and second hind tarsomeres with
pad of Þne bronze posteroventral and posterior setae.

Abdomen elongate and slightly conical posteriorly;
ground color black or brown with gray, bronze, silvery
or yellowish pruinosity; tergites covered with short
black setae dorsally and relatively long hairs ventrally;
number of lateral marginal setae variable between
tergites and between specimens; usually a pair of me-
dian marginal setae on tergite 4; margin of tergite 5
usually partly orange reddish and with marginal row of
strong setae.
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Male terminalia: ground color yellowish orange,
black setulose; sternite 5 with V-shaped emargination
posteriorly and usually with long base anteriorly, cleft
of posterior margin with pad of black rounded stout
bristles, innermost bristles longer, window usually
present and sometimes forming prominent dome-
shaped elevation anteriorly on base; tergite 6 vestigial
or absent, syntergosternite 7�8 sometimes darker
than epandrium, with anterodorsal emargination and
with spiracle seven dorsolateral; epandrium shining
and globose, square in lateral view but usually with
posteroventral extension covering small portion of
cerci in lateral view; surstylus triangular, proximal
surface bare; cercal base clothed with long black hairs;
cercal prong tapering and curving anteriorly, black on
distal half, some species with dense brush of short stiff
hairs on medial margin; bacilliform sclerites reduced
or absent, hypandrial arms sometimes fused in poste-
rior view and thus forming a ring, postgonal apodeme
tapering along base of postgonite; pregonite with
minute setulae along posterior surface, postgonite
with a bristle usually near middle, rarely at base, of
anterior surface; vesica sclerotized, with two separate
lobes bearing thorn-like spines apically, harpes well
developed, fused or partly fused to phallic tube, lat-
erally compressed, sclerotized on proximal part, mem-
branous distally, covered with small teeth; lateral styli
coiled at base, horn-shaped, with microserrations on
distal part and with longitudinal cleft opened all along
internal side, median stylus bifurcate, forming two
short processes and with no opening; juxta fused to
median stylus, partly or entirely sclerotized, separa-
tion from phallic tube either a desclerotized strip or
hinge-like.
Female. Body length 7.0Ð13.5 mm. Differs from

male as follows: Head: outer vertical setae strong and
well developed; proclinate orbital setae present; me-
dioclinate frontal and interfrontal setae sometimes
fewer than in male. Thorax: apical scutellar setae ab-
sent; 2Ð4 katepisternal setae, middle 1Ð2 usually
smaller than others. Legs: hairs on distal half of mid
tibia absent; mid femur with row of short posterov-
entral setae on apical half or third but setae thinner,
no wavy hairs but one row of strong and long pos-
teroventral setae in proximal half; hind femur without
long ventral, anteroventral and posteroventral wavy
hairs, second long anterodorsal setae on proximal two
thirds absent or reduced to 1Ð2 proximal setae, 3Ð4
strong posteroventral setae on proximal half; hind tibia
with one strong and sometimes 2Ð3 weaker antero-
ventral setae at or before apical half. Abdomen
rounded and slightly conical posteriorly; tergites cov-
ered with small black setae dorsally and ventrally, with
relatively long hairs restricted to sternites and ventral
margins of tergites. Margin of sternite 2 usually with
four strong bristles. Margin of sternite 3 sometimes
with a few strong bristles.

Female terminalia: tergite 6 narrowly membranous
mid-dorsally except in S. sigilla, with variable number
of marginal setae stronger dorsally than ventrally; spi-
racle 6 and 7 distinct on each plate of tergite 6; tergite
7 absent; tergite 8 absent, except in S. sigilla; sternites

6Ð8 not fused; central part of sternite 7 slightly to
deeply depressed; sternite 8 reduced to a narrow scle-
rite covered with minute setae and usually with one
long black seta laterally; cerci distinct.
Remarks. Neobellieria was described by Blanchard

(1939) for N. brethesi Blanchard (�Sarcophaga polis-
tensis Hall). Roback (1954) assigned S. polistensis, S.
polistensis offecta, S. bullata, S. cooleyi, and Sarcophaga
libera Aldrich to the new genus Sapromyia, but
Downes (1965) treated Sapromyia as a junior syn-
onym of Sarcophaga. Lopes (1969) synonymized N.
brethesiwith S. polistensis offecta and included them in
Neobellieria along with S. triplasia. Shewell (1987) and
Pape (1996) included Sapromyia inNeobellieria. Tolu-
camyia was erected by Dodge (1965) who noted the
similarity in the shape of the male cerci and sternite 5
between the two included species and S. bullata. Pape
(1996) treated Tolucamyia as a subgenus of Sar-
cophaga.

Key to Males of Sarcophaga (Neobellieria)

1. Postsutural dorsocentral bristles usually three
(if 4, third bristle from scutellum reduced);
scutellumwith shallow longitudinaldorsalde-
pression; apical scutellar bristles absent; win-
dow of male sternite 5, if present, even with
rest of base (Fig. 22) (window absent in S.
longisterna); demarcation between juxta and
phallic tube a desclerotized strip. . . . . . . . 2

Postsutural dorsocentral bristles four or more, pos-
terior two stronger and longer than anterior 2;
scutellum without dorsal depression; apical
scutellar bristles present; window of male stern-
ite5, ifpresent, formingadome-shapedelevation
anteriorly (Fig. 36) (window absent in S. schra-
meli); demarcation between juxta and phallic
tube a distinct hinge . . . . . . . . . . . . . . . . 4

2. Postsutural dorsocentral bristles 3; dark hairs on
lateral margin of alula longer than those on
anterior margin of anal lobe; lateral margins of
juxta straight. . . . . . . . . . . . . . . . . . . . . 3

Postsutural dorsocentral bristles three or four (if
4, third bristle from scutellum reduced); dark
hairs on lateral margin of alula as long as those
on anterior margin of anal lobe; lateral mar-
gins of juxta clearly concave. . . . . . . . . . .
. . . . . . . . . . . . . . . S. (Neobellieria) sigilla

3. Syntergosternite 7�8 elongate (Fig. 51); male
sternite5withoutwindow(Fig. 50); short stiff
hairs restricted to medial margin of cercal
prong (Fig. 49). . S. (Neobellieria) longisterna

Syntergosternite 7�8 not elongate (Fig. 22);
sternite 5 with window (Fig. 21); short stiff
hairs covering cercal prong (Fig. 20) . . . . .
. . . . . . . . . . . . S. (Neobellieria) cavagnaroi

4. Moderately long costal spine usually present;
margin of tergite 5 same color as rest of ter-
gite; sternite 5 without window (Fig. 64); cer-
cal prong abruptly narrowed apically (Figs. 62
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and 63); harpes strongly bent in lateral view
(Fig. 59); juxta partly sclerotized. . . . . . . .
. . . . . . . . . . . . . S. (Neobellieria) schrameli

Long costal spine absent; margin of tergite 5
usually partly orange-red; sternite 5 with win-
dow forming a dome-shaped elevation ante-
riorly (Fig. 36); cercal prong not sharply nar-
rowed apically (Figs. 5 and 27); harpes
straight in lateral view; juxta entirely sclero-
tized. . . . . . . . . . . . . . . . . . . . . . . . . . 5

5. Dark hairs on lateral margin of alula longer than
those on anterior margin of anal lobe; hairs
fringing calypter at fold creamy white; base of
male sternite 5 short (Figs. 28 and 35). . . . 6

Darkhairson lateralmarginofalulaas longas those
on anterior margin of anal lobe; hairs fringing
calypter at fold pale brown or yellow; base of
male sternite 5 long (Figs. 7 and 57). . . . . . . 7

6. Window of sternite 5 forming sharply deÞned
dome-shaped elevation anteriorly (Figs. 35

and 36); juxta as long as wide; vesical lobes
invaginated in lateral view (Fig. 30). . . . . .
. . . . . . . . . . . . . . S. (Neobellieria) cooleyi

Window of sternite 5 forming small dome-
shaped elevation anteriorly; juxta wider than
long; vesical lobes not invaginated in lateral
view (Fig. 23). . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . S. (Neobellieria) citellivora

7. Black, horn-like structure arising laterally from
base of harpes (Figs. 1Ð3). . . . . . . . . . . . .
. . . . . . . . . . . . . . S. (Neobellieria) bullata

Black, horn-like structure at base of harpes ab-
sent. . . . . . . . . . . . . . . . . . . . . . . . . . 8

8. Posterior margin of tergite 5 usually partly or-
ange-red; apex of juxta longer than base, juxta
deeply concave dorsally at base and with dor-
sal margin sinuous in lateral view (Fig. 38). .
. . . . . . . . . . . . . . . S. (Neobellieria) libera

Tergite 5 usually entirely orange-red, with yel-
lowish pruinosity; apex of juxta same length or

Figs. 1–4. Neobellieria bullata. (1) Acrophallus, lateral. (2) Acrophallus, anterior. (3) Acrophallus, posterior. (4) Styli and
juxta.
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shorter than base, juxta weakly concave dor-
sally and with dorsal margin not sinuous in
lateral view (Fig. 52). . . . . . . . . . . . . . . .
. . . . . . . . . . . . S. (Neobellieria) polistensis

Sarcophaga (Neobellieria) bullata Parker
(Figs. 1Ð10)

Sarcophaga georgina Wiedemann of Felt (1913): 80
(misidentiÞcation).
Sarcophaga sp. of Parker (1914): 422.
Sarcophaga bullata Parker 1916: 359; Downes (1965):

957.
Sarcophaga bison Aldrich 1916: plate 12, Fig. 110. No-
men nudum.

Sapromyia bullata: Roback (1954): 65.
Neobellieria bullata: Shewell (1987): 1176.
Sarcophaga (Neobellieria) bullata: Pape (1996): 366.

Male. Body length 7.0Ð14 mm. Head: 9Ð14 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; usually 2Ð4 pairs of weak interfrontal
setae, posterior ones usually better developed; gena
usually black-haired with white setae close to genal
suture; postgena white-haired. Thorax: 4Ð5 postsu-
tural dorsocentral setae, posterior two stronger than
anterior 2Ð3, apical scutellar setae present. Wing: lat-
eral margin of alula with fringe of dark hairs as long as
those on anterior margin of anal lobe; posterior margin
of upper calypter with white or brown short hairs;
hairs fringing calypteres long and pale brown at fold.
Legs: gray-white pruinosity; strong ventral setae on
hind trochanter denser on large specimens; mid femur
usually with long ventral wavy hairs on proximal half
or third.

Terminalia (Figs. 1Ð7): window of sternite 5 form-
ing a dome-shaped elevation anteriorly; harpes with
well-developed black projection laterally, shape vary-
ing from sabre-shaped to antler-shaped, with or with-
out covering of minute teeth (Figs. 1Ð3); distinct hinge
between juxta and phallic tube; juxta short and
straight (Figs. 3Ð4); short stiff hairs on medial margin
of cercal prong moderately dense (Fig. 6).
Female. Body length 7.5Ð13.5 mm. Differs from

male as follows: Head: 8Ð12 medioclinate frontal setae,
row distinctly curving outwards at lunule; usually 2Ð3
weak interfrontal setae, posterior setae better devel-
oped. Legs: mid femoral organ present (Fig. 9). Ab-
domen: margin of sternite 3 often with 6Ð8 strong
bristles, particularly on large specimens.

Terminalia (Figs. 8 and 10): posterior margin of
tergite 6 with 6Ð8 strong marginal setae on each side,
evenly spaced, about equal in size and restricted to
dorsal half; sternite 6 deeply depressed, with numer-
ous small setae posteriorly and laterally, with 6Ð8 long
black setae on posterior margin; sternite 7 with six long
and weak black setae on posterior margin; sternite 10
membranous, covered with short setae.
Types.LECTOTYPE (by present designation): �la-

beled Ô714�; ÔCold Spring/Harbor. L. I.Õ; ÔType/M.A.C.Õ;
ÔSarcophaga �/bullata R.Pkr/det R.r. ParkerÕ
(USNM). PARALECTOTYPES: USA: New York:
Long Island, Cold Spring Harbor (5�, 7�, USNM);
Nassau, 21-IX-1912 (1�, USNM); New York, 77th St.,
bred (1�, USNM); Rockland, 24-VII-1913 (1�,
USNM); Massachusetts: Amherst (1�, USNM);
SpringÞeld, 18-VIII-1913, on human excrement (1�,
USNM); Gloucester, 30-VIII-1912, C.W. Johnson (2�,
MCZ); 1�, MA Agricultural College (not examined);

Figs. 5–9. Neobellieria bullata. (5) Epandrium, surstylus and cerci, lateral. (6) Epandrium, surstylus and cerci, posterior.
(7) Male sternite 5, ventral. (8) Female terminalia, posteroventral. (9) Female mid femur, posterior. Scale bar � 0.5 mm.
Abbreviations: cer, cercus; epd, epandrium; fem organ, femoral organ; spr, spiracle; st, sternite; sur, surstylus; tg, tergite; win,
window.
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2�, 2�, AMNH (not examined); 1�, 1�, Cornell
University (not examined); 1�, R. R. Parker Collec-
tion (not examined).
Other Material Examined.More than 800 Z and �

from many localities in the following states and prov-
inces: CANADA: British Columbia; Manitoba; Ontario;
Quebec; MEXICO: Morelos; UNITED STATES: Al-
abama; Arkansas; California; Connecticut; District of
Columbia; Delaware; Florida; Georgia; Idaho; Illinois;
Indiana; Iowa; Kansas; Kentucky; Louisiana; Mary-
land; Massachusetts; Michigan; Minnesota; Missouri;
Mississippi; Montana; New Hampshire; New Jersey;
New Mexico; New York; North Carolina; North Da-
kota; Ohio; Oklahoma; Oregon; Pennsylvania; South
Carolina; South Dakota; Tennessee; Texas; Utah; Ver-
mont; Virginia; Washington; Wisconsin (CNC, DEBU,
GD, LEM, MNRJ, MTEC, QMOR, ROM, USNM,
UMSP).
Distribution.Widespread Nearctic.
Biology. The larvae are saprophagous and breed in

carrion (Aldrich 1916, Graenicher 1931, Dahlem
1991). Adults are often collected ßying around decay-
ing material such as cow dung and human excrement.
Because of its carrion-breeding habits, S. bullata is
often associated with human remains in forensic en-
tomology (Byrd and Castner 2001, Wells et al. 2001).
It has been documented as causing intestinal and cu-
taneous myiasis (Watson 1942, James 1947). Sar-
cophaga bullata also is used as a model species in
physiological and behavioral studies (Bylemans et al.
1998, Cheung and Smith 1998, Franssens et al. 2005).
Remarks. Parker (1916) designated two specimens,

a male and a female, as “types” in addition to 26 para-

types. Aldrich (1916) treated ParkerÕs two “types” as
holotype and allotype, but did not clearly state which
of the specimensheconsidered theholotype; thus, this
cannot be considered Þxation of a lectotype by infer-
ence of holotype (ICZN 1999, Recommendation 73
F). Because more than one specimen was designated
as ÔtypeÕ and because no holotype or lectotype was
previously Þxed for this species the male type has been
designated as lectotype to Þx the identity of S. bullata.

Sarcophaga (Neobellieria) cavagnaroi (Dodge)
(Figs. 16Ð22)

Tolucamyia cavagnaroi Dodge 1965: 259.
Sarcophaga (Tolucamyia) cavagnaroi: Pape (1996):

411.

Male. Body length 5.5Ð11.0 mm. Head: 9Ð13 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; 3Ð6 pairs of interfrontal setae, posterior
ones usually better developed; fronto-orbital plate and
parafacial with yellow pruinosity; fronto-orbital plate
with few scattered black hairs; parafacial setosity often
limited to single row close to eye and with 1Ð3 strong
setae just before genal groove; gena black-haired; post-
gena black-haired with white setae posteriorly. Thorax:
pruinescence often golden or shining yellow; three post-
sutural dorsocentral setae; proanepisternum usually se-
tose, sometimes bare; scutellum with shallow longitudi-
naldorsaldepression, apical scutellar setaeabsent.Wing:
lateral margin of alula with fringe of dark hairs longer
than those on anterior margin of anal lobe; posterior
margin of upper calypter with white or pale brown short

Figs. 10–15. Neobellieria, female terminalia, posterior. (10) N. bullata. (11) N. cooleyi. (12) N. citellivora. (13) N. libera.
(14) N. polistensis. (15) N. sigilla.
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hairs; hairs fringing calypteres long and pale brown at
fold. Legs: mid femur usually with long ventral and pos-
teroventral wavy hairs on proximal half or third; long
anteroventral setae on hind femur reduced to 2Ð4 setae
apically, somesetaeslightlystronger thanadjacentcloth-
ing hairs.

Terminalia (Figs. 16Ð22): window of sternite 5 even
with rest of base; horns on harpes reduced or absent;
harpes strongly bent in lateral view (Fig. 16); desclero-
tized strip between juxta and phallic tube (Fig. 18); dense
short stiff hairs covering cercal prong (Figs. 19Ð20).
Female. Unknown.
Types. HOLOTYPE: � labeled ÔGuatemala/Pana-

jachel/VIII-19-1963�; ÔD. Q. Cavagnaro/and M. E. Ir-
win/collectorsÕ; ÔTolucamyia/cavagnaroi/Holotype/
Det. H. R. Dodge 1964Õ; ÔCalifornia Academy/of
Sciences/type No. 8891Õ (CASC).
Other Material Examined. MEXICO: Chiapas:

Yerba Buena, 5,200Õ, 9-10-VI-1969 (1�, CNC); Yerba
Buena, Hwy 195, 24-VI-1969 (1�, CNC); San Cristo-
bal, 7,000�, 1-7-VI-1969 (1�, CNC); San Cristobal de
Las Casas, 7087�, 13-VI-1969 (1�, CNC); same except
11-VI-1969 (1�, CNC); same except 7,200�, 14-V-1969
(1�, CNC); 3 miles NE San Cristobal, 27-VI-1969 (1�,

CNC); 3 miles N San Cristobal, 7,000�, 4-VI-1969 (1�,
CNC).
Distribution. Neotropical: Mexico (Chiapas) to

Guatemala.

Sarcophaga (Neobellieria) citellivora Shewell
(Figs. 12 and 23Ð29)

Sarcophaga citellivora Shewell 1950: 245; Downes
(1965): 958.
Neobellieria citellivora: Michener (1993): 148.
Sarcophaga (Neobellieria) citellivora: Pape (1996:

367).

Male.Body length 9.0Ð11.0 mm. Head: 9Ð12 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; usually 2Ð3 pairs of weak interfrontal
setae;parafacial grayish,brownishorpinkishpruinose;
gena usually black-haired with white setae close to
genal suture; postgena white-haired; junction be-
tween pedicel and Þrst ßagellomere usually brown-
red; palpus dark brown to black. Thorax: 4Ð5 postsu-
tural dorsocentral setae, posterior two stronger than
anterior ones; prescutellar acrostichal sometimes ab-

Figs. 16–22. Neobellieria cavagnaroi. (16) Phallus and hypandrial complex, left lateral. (17) Acrophallus, anterior. (18)
Acrophallus, posterior. (19) Epandrium, surstylus and cerci, lateral. (20) Epandrium, surstylus and cerci, posterior. (21) Male
sternite 5, ventral. (22) Male sternites 5Ð6, syntergosternite 7�8, lateral. Scale bar � 0.2 mm (Figs. 16Ð18), 0.5 mm (Figs. 19
and 22). Abbreviations: har, harpes; hyp, hypandrium; jux, juxta; ls, lateral stylus; ms, median stylus; ph, phallic tube; pog,
postgonite; prg, pregonite; ves, vesica.
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sent; infrasquamal setae present but sometimes very
sparse; apical scutellar setae present. Legs: gray-white
pruinosity; fore femur with few long ventral wavy
hairs on proximal part; mid femur with few long ven-
tral wavy hairs on proximal half or third; mid tibia
without long ventral, anteroventral and posteroven-
tral bristle-like hairs on distal half and with second row
of long anterodorsal setae on proximal two thirds
sometimes absent or reduced to 1Ð2 proximal setae.
Wing: basicosta ivory-white pruinose, lateral margin
of alula with fringe of dark hairs longer than those on
anterior margin of anal lobe; posterior margin of upper
calypter with white short hairs; hairs fringing calyp-
teres long and creamy white at fold. Abdomen: margin
of tergite 5 sometimes partly orange reddish.

Terminalia (Figs. 23Ð28):windowof sternite5 form-
ing a small dome-shaped elevation anteriorly; harpes
with sabre-shaped, short black horn laterally (Fig. 24);
distinct hinge between juxta and phallic tube (Figs. 23
and 25); juxta short, apex concave relative to base in
lateral view (Fig. 23); cercal prong moderately curved
forward (Fig. 27); short stiff hairs on medial margin of
cercal prong moderately dense (Fig. 26).
Female.Body length 7.0Ð9.5 mm. Differs from male

as follows: Head: 9Ð11 pairs of medioclinate frontal

setae, row distinctly curving outwards at lunule. Usu-
ally 2Ð3 pairs of weak or minute interfrontal setae. Leg:
mid femoral organ absent.

Terminalia (Figs. 12 and 29): tergite 6 with moder-
ately strong setae laterally, evenly spaced and about
equal in size; sternite 6 slightly depressed; sternites 6
and 7 usually with six long and weak setae on posterior
margin; sternite 8 broader than in other species of
subgenus; sternite 10 membranous and covered with
short setae.
Types.HOLOTYPE: � labeled ÔVavenby, B. C./Ex.

Citellus/columbianusÕ; ÔLivestock Insect Lab./Kam-
loops, B.C./Reared 7 Aug 1950Õ; ÔSarc./HOLOTYPE/
citellivora/Shew./No 5921Õ (CNC). ALLOTYPE:
same data as holotype (1�, CNC). PARATYPES: same
data as holotype (1�, 2�, CNC; 1�, USNM); same
data as holotype except 10-VIII-1950 (2�, CNC); Al-
berta: Lethbridge, 18-VI-1926 (1�, CNC); British Co-
lumbia: Kamloops, Livestock Insect Lab (two larvae,
not examined).
OtherMaterialExamined.CANADA: Alberta: 5 km

E, 1 km S Picture Butte (49� 52� N, 112� 43� W), reared
from Spermophilus richardsonii, G. R. Michener
(102�, 109�, LEM); Picture Butte, 30-VIII-1990 (1�,
CNC); same except 29-VIII-1990 (2�, CNC); same

Figs. 23–29. Neobellieria citellivora. (23) Phallus and hypandrial complex, left lateral. (24) Acrophallus, anterior. (25)
Acrophallus, posterior. (26) Epandrium, surstylus and cerci, posterior. (27) Epandrium, surstylus and cerci, lateral. (28) Male
sternite 5, ventral. (29) Female terminalia, posteroventral. Scale bar � 0.2 mm (Figs. 23Ð25), 0.5 mm (Figs. 26Ð29).
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except 6-XI-1990 (2�, CNC); same except 3-XII-1990
(1�, CNC); same except 31-X-1990 (2�, 1�, CNC);
same except 20-VII-1989 (1�, 1�, CNC); same except
28-VIII-1990 (1�, CNC); Fort McLeod, 7-VII-1967, ex.
scalp wound in child (2�, 4�, CNC); Longview, 11
miles. S. Turner Vall., 12-VIII-1976, ex. male juvenile
S. richardsonii (1�, 1�, CNC); Edmonton, from ear of
Indian boy at Camsell Hosp., 7-X-1954, pupated en
route, emerged Kamloops B.C., 15-III-1955 (1�,
CNC); Saskatchewan: Pleasant Cr., 13-VII-1937 (1�,
CNC).
Distribution. Western Nearctic: Alberta, Saskatche-

wan.
Biology. This species is primarily a parasite of

ground squirrels (Shewell 1950, Michener 1993); the
LEM specimens were reared from RichardsonÕs
ground squirrels, Spermophilus richardsonii (Sabine)
(Sciuridae). There also are multiple recorded cases of
human myiasis (Curtis 1956).
Remarks.A puparium is pinned below all type spec-

imens except the paratype from Lethbridge, Alberta.
Two additional specimens not listed in the original
publicationalsoare labeledasparatypes; theyhave the

same data as the holotype but do not have associated
puparia.

Sarcophaga (Neobellieria) cooleyi Parker
(Figs. 11 and 30Ð37)

Sarcophaga cooleyi Parker 1914: 417; Downes (1965):
958.
Sapromyia cooleyi: Roback (1954): 65.
Sarcophaga (Neobellieria) cooleyi: Pape (1996): 367.

Male. Body length 8.5Ð14 mm. Head: 7Ð10 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; usually 2Ð3 pairs of weak interfrontal
setae, gena usually black-haired, sometimes with
white setae close to genal suture; postgena white-
haired. Thorax: 4Ð5 postsutural dorsocentral setae,
posterior two stronger than anterior ones: apical
scutellar setae present. Wing: lateral margin of alula
with fringe of dark hairs longer than those on anterior
margin of anal lobe; posterior margin of upper calypter
with white short hairs; hairs fringing calypteres long
and creamy white at fold. Legs: gray-white, brownish

Figs. 30–37. Neobellieria cooleyi. (30) Phallus and hypandrial complex, left lateral. (31) Acrophallus, anterior. (32)
Acrophallus, posterior. (33) Epandrium, surstylus and cerci, lateral. (34) Epandrium, surstylus and cerci, posterior. (35) Male
sternite 5, ventral. (36) Male sternites 5Ð6, syntergosternite 7�8, lateral. (37) Female terminalia, posteroventral. Scale bar �
0.2 mm (Fig. 30), 0.4 mm (Figs. 31 and 32), 0.5 mm (Figs. 34 and 36, 37). Abbreviation; win, window.
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pruinosity; strong ventral setae on hind trochanter,
denser on large specimens; mid femur usually with
long ventral wavy hairs on proximal half or third.
Abdomen: pair of median marginal setae usually ab-
sent on tergite 4; margin of tergite 5 sometimes partly
orange reddish.

Terminalia (Figs. 30Ð36): sternite 5 with window
forming sharply deÞned dome-shaped elevation an-
teriorly on base (Fig. 36); vesical lobes invaginated in
lateral view (Fig. 30); harpes with well-developed
sabre-shaped black horn laterally which is not covered
with minute teeth (Fig. 31), apex of harpes bulbous
(Fig. 30); distinct hinge between juxta and phallic
tube (Fig. 32); juxta long, curved in lateral view, apex
split into two diverging parts (Figs. 30Ð32); short stiff
hairs on medial margin of cercal prong moderately
dense (Fig. 34).
Female. Body length 8.0Ð14.0 mm. Differs from

maleas follows:Head: 7Ð9pairsofmedioclinate frontal
setae, row distinctly curving outwards at lunule; usu-
ally 2Ð3 pairs of weak or minute interfrontal setae.
Thorax: four katepisternal setae, middle two smaller
than the others. Leg: mid femoral organ sometimes

present. Abdomen: relatively long hairs on sternites
and on ventral margin of tergites rarely present.

Terminalia (Figs. 11 and 37): tergite 6 with 7Ð9
strong marginal setae on each side, evenly but closely
spaced, about equal in size and concentrated on dorsal
half; sternite 6 ßattened, covered with small setae on
posterior half, with 6Ð8 long black setae on posterior
margin; sternite 7 with six long, weak black setae on
posterior margin; sternite 10 vestigial.
Types. LECTOTYPE (by present designation): �

labeled ÔLaurel Mont./8-3-1914Õ; ÔType/M.A.C.Õ; ÔSar-
cophaga/cooleyi [make]/det. R. R. ParkerÕ (USNM).
PARALECTOTYPES: USA: Montana: Laurel, 19-IX-
1914 (1�, USNM); same except 29-VII-1914 (1�, 2�,
USNM; 2�, MTEC); same except 02-VII-1914, bred
Þsh (5�, 3[female, USNM, 1�, MTEC); same except
01-VIII-1914 (2�, USNM; 1�, MTEC); same except
19-VII-1914 (1�, USNM); same except 23-VII-1914
(2�, USNM; 1�, MTEC); same except 27-VII-1914
(1�, MTEC; 1�, USNM); same except 12-IX-
1914 (1�, USNM).
Other Material Examined. More 300 � and �:

CANADA: Alberta: Lethbridge, Claresholm, Brooks,

Figs. 38–44. Neobellieria libera. (38) Phallus and hypandrial complex, left lateral. (39) Acrophallus, anterior. (40)
Acrophallus, posterior. (41) Epandrium, surstylus and cerci, lateral. (42) Epandrium, surstylus and cerci, posterior. (43) Male
sternite 5, ventral. (44) Female terminalia, posteroventral. Scale bar � 0.2 mm (Figs. 38Ð40), 0.5 mm (Figs. 41Ð44).
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Orion, Cowley, Onefour, Purple Springs; British Co-
lumbia: Lillooet, Fountain Valley, Kamloops, 7 miles N
Oliver, McGillivray Falls, Keremeos, Medicine; Mani-
toba: Lyleton; Saskatchewan: Allan, Indian Head,
Saskatoon, Langenburg, Earl Gray, Pheasant Cr., Swift
Current, Burnham, StrongÞeld, Hughton, Willows,
Great Deer, Abernethy, Dollard, Maymont, Pike Lake,
St. Louis, Melfort, Fort QuÕAppelle, Echo Valley Prov.
Park; Ontario: Ottawa; Yukon Territory: Kluane N.P.,
Whitehorse; UNITED STATES: California: Nice, Mo-
doc Co., Eureka, Sacramento, Coachella, Indio,
Mecca, Siskiyou Co., El Dorado, Inyo Co., 7 miles. SE
Truckee; Colorado: Estes Park, Grand Junction, Garf-
ield Co.; District of Columbia: Washington; Idaho:
Moscow, Burley, Rigby; Indiana: Montgomery Co.;
Michigan: Hillsdale Co.; Montana: Laurel, Miles City,
Bigfork, Florence, Park Co., Billings, Powder Co., Gla-
cier Natl. Park; Nevada: Reno, 12 miles SW Wells;
North Dakota: Beach, Minot, Bottineau, Mandan, Bis-
mark, Valley City; Oregon: Boardman, Dixie, New-
port, Boiler Bay, Lake Co., Klamath Co., Lower Klam-
ath Lake, Deschutes Co., Rainier, Tillamook Co.,
Adrian, Neskowin, Grant Co.; Utah: Cache Co., Logan,
Great Salt Lake, Bryce Canyon, Stockton, WA Co., UT

Lake, Panguitch, Dividend; Washington: Pullman,
Ritzville, Seaview, Wenatchee, Copalis, Oysterville,
Mount Rainier N. P., Ilwaco, Colfax, Tucannon, Aso-
tin, Vantage; Wisconsin: Stratford, Brooks, Yellow-
stone Lake, Elbe; Wyoming: Park Co., Cody, Mountain
View (CNC, FMNH, GD, MNRJ, MTEC, NFC, ROM,
UMSP, USNM).
Distribution. Primarily western Nearctic: Yukon

Territory to California, east to Saskatchewan, Wiscon-
sin, Michigan, and Indiana (eastern records from Ot-
tawa and Washington, DC).
Biology. Larvae of S. cooleyi have been reared from

a range of decaying substrates including vertebrate
carrion (Parker 1914, Dahlem 1991) and inverte-
brates. They have been identiÞed as a parasite of the
spruce budworm, Choristoneura fumiferana (Clem.)
(Lepidoptera: Tortricidae) (Coppel 1960), and larvae
also have been recorded from adult Noctuidae (Lep-
idoptera) (unpublished specimen record in CNC),
although the label data do not indicate whether the
specimens were reared from the noctuid or dissected
from the host. There are records of S. cooleyi larvae
causing myiasis, including human cases (Stewart 1934,
James 1947).

Figs. 45–51. Neobellieria longisterna. (45) Phallus and hypandrial complex, left lateral. (46) Acrophallus, anterior. (47)
Acrophallus, posterior. (48) Epandrium, surstylus and cerci, lateral. (49) Epandrium, surstylus and cerci, posterior. (50) Male
sternite 5, ventral. (51) Male sternites 5Ð6, syntergosternite 7�8, lateral. Scale bar � 0.2 mm (Figs. 45Ð47), 0.5 mm (Figs.
48Ð51).
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Remarks. One of the male syntypes has been des-
ignated as the lectotype to Þx the identity of this
species.

Sarcophaga (Neobellieria) libera Aldrich
(Figs. 13 and 38Ð44)

Sarcophaga libera Aldrich 1916: 235; Downes (1965):
958.
Sapromyia libera: Roback (1954): 65.
Sarcophaga (Neobellieria) libera: Pape (1996): 367.

Male.Body length 8.5Ð12.5 mm. Head: 9Ð13 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; usually 2Ð3 pairs of weak interfrontal
setae, posterior ones usually better developed; gena
usually black-haired, sometimes with white setae close
to genal suture; postgena white-haired. Thorax: 4Ð5
postsutural dorsocentral setae, posterior two stronger
than anterior ones; apical scutellar setae present.
Wing: lateral margin of alula with fringe of dark hairs
as long as those on anterior margin of anal lobe; pos-

terior margin of upper calypter with white or brown
short hairs; hairs fringing calypteres long and pale
brown at fold. Legs: gray-white pruinosity; strong ven-
tral setae on hind trochanter, denser on large speci-
mens; mid femur usually with long ventral wavy hairs
on proximal half or third; mid tibia sometimes without
long ventral, anteroventral and posteroventral bristle-
like hairs on distal half.

Terminalia(Figs. 38Ð43):windowof sternite5 forming
a dome-shaped elevation anteriorly; horns on harpes re-
duced or absent (Fig. 39); distinct hinge between juxta
and phallic tube (Fig. 40); juxta long, apex longer than
base, base usually concave relative to apex in lateral view
(Figs. 38Ð40); short stiff hairs on medial margin of cercal
prong moderately dense (Fig. 42).
Female. Body length 9.5Ð11.0 mm. Differs from

male as follows: Head: 8Ð12 pairs of medioclinate fron-
tal setae, row distinctly curving outwards at lunule;
usually 2Ð4 pairs of weak interfrontal setae, posterior
ones sometimes better developed; parafacial grayish,
brownish or pinkish pruinose. Legs: mid femoral organ
absent.

Figs. 52–58. Neobellieria polistensis. (52) Phallus and hypandrial complex, left lateral, (53) Acrophallus, anterior. (54)
Acrophallus, posterior. (55) Epandrium, surstylus and cerci, lateral. (56) Epandrium, surstylus and cerci, posterior. (57) Male
sternite 5, ventral. (58) Female terminalia, posteroventral. Scale bar � 0.2 mm (Figs. 52Ð54), 0.5 mm (Figs. 55Ð58).
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Terminalia (Figs. 13 and 44): tergite 6 with moder-
ately strong setae on each side evenly spaced and
about equal in size; sternite 6 slightly depressed, cov-
ered with short to long setae and hairs on posterior two
thirds, with 8Ð10 long black setae on posterior margin;
sternite 7 with few weak and short black setae on
posterior margin; sternite 10 membranous and cov-
ered with short setae.
Types. HOLOTYPE: � labeled ÔBeaver Creek,/

MONT. 6300 feet/S. J. Hunter./August, 1913.Õ; ÔSar-
cophaga/libera/Type 1916 Ald.Õ (SEMC).
OtherMaterialExamined.152�and10�:CANADA:

British Columbia: Burnaby, Vancouver Island, Thetis
Park,MissionCity,BadgerLake,nearKnouffLake,Savary
Island;Manitoba:Gillan;NorthwestTerritories:Hyndman
Lake, Yellowknife, Rd. nr. Stoke Lake; Ontario: 7 miles E
GrifÞth, Kenora District, Macdiarmid, Lake Nipigon Pro-
vincial Park, Thunder Bay; Quebec: Mont Rigaud, Gt.
Whale R.; Sakami; Yukon Territory: Kluane Lake, Demp-
ster Hwy (Mi 87, km 400, km 416, km 465), Carcross Sand
Dunes; Russell Mt.; UNITED STATES: Arkansas: Craw-
ford Co.; Florida: South, Lacoochee, Lake Jovita; Georgia:
DekalbCo.,StoneMt.,ChathamCo.,Macon,Thomasville,
Head River, 1 mile N Pine Mountain, Savannah; Illinois:
Mason Co., Mason State Forest, near Forest City, 5 miles
W Manito, �4 miles W Monticello; Idaho: Mt. Moscow,
Custer Co., 25 miles W of Stanley; Indiana: Montgomery

Co., Shades State Park, Pulaski Co., Tippecanoe River
State Park, Putnam Co., Lieber St. Park; Louisiana: Den-
ham Springs; Michigan: Lansing, Otsego Co., Pigeon
River,ClintonCo.,RoseLakeCons.Area,ShiawasseeCo.,
Rose Lake Wildlife Exp. Stn., Black River, Marquette
Co., 15 miles S Ishpeming; Mississippi: Washington
Co., 3 miles N Leland; Missouri: Hillsboro; 5 miles N
Hillsboro, Atherton; Minnesota: Duluth; Montana:
Missoula, Mt. Sentinel; North Carolina: Watauga Co.,
Camp Broadstone, near Boone, Smokemont, High-
lands, Whitesides Mtn.; New York: Fleetwood; Ohio:
Amherst; Oregon: Benton Co., Corvallis, Wallowa Co.,
Hat Point, 21 km W Corvallis; Tennessee: Sevier Co.,
Chilhowee Mountains, Great Smoky Mountains Natl.
Park, Cades Cove; Texas: Pittsburg; Washington:
White River, Mt Rainier; Puyallup (CNC, DEBU,
FMNH, GD, LEM, MNRJ, ROM, USNM).
Distribution.Widespread Nearctic.
Biology.Although rearing records are few, there are

records of larvae as predators of the pupae of Doli-
chovespula arenaria (F.) (Hymenoptera: Vespidae)
(specimen data in CNC and USNM). The males from
Mont Rigaud, QC, were collected at a hilltop.
Remarks. A female specimen is pinned above the

holotype. The left front leg of the holotype is glued to
a label below the specimens.

Figs. 59–64. Neobellieria schrameli. (59) Phallus and hypandrial complex, left lateral. (60), Acrophallus, anterior. (61)
Acrophallus, posterior. (62) Epandrium, surstylus and cerci, lateral. (63) Epandrium, surstylus and cerci, posterior. (64) Male
sternite 5, ventral. Scale bar � 0.2 mm (Figs. 59Ð61), 0.5 mm (Figs. 62Ð64).
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Sarcophaga (Neobellieria) longisterna Giroux &
Wheeler n. sp
(Figs. 45Ð51)

Male.Body length 11.5 mm. Head: postocellar setae
extending as far as paravertical setae, 10 pairs of me-
dioclinate frontal setae, row distinctly curving out-

wards at lunule; three pairs of minute interfrontal
setae; fronto-orbital plate with few scattered black
hairs; parafacial setosity limited to a few setae close to
eye and with two strong setae just before genal groove;
gena black-haired; postgena white-haired with some
black setae close to oral margin; occipital setae white
and with three rows of black setae ventral to postoc-
ular setae. Thorax: three postsutural dorsocentral se-
tae; scutellum with shallow longitudinal dorsal depres-
sion, apical scutellar setae absent. Wing: lateral margin
of alula with fringe of dark hairs longer than those on
anterior margin of anal lobe; posterior margin of upper
calypter with white or pale brown short hairs; hairs
fringing calypteres long and pale pale brown at fold.
Legs: mid femur with long ventral and posteroventral
wavy hairs on proximal half or third, posteroventral
row on apical half with long and slightly stronger setae
than adjacent clothing hairs; mid tibia with long ven-
tral and posteroventral wavy hairs; long anteroventral
setae on hind femur restricted to two setae apically.
Abdomen: margin of tergite 5 with some orange-red-
dish color.

Terminalia (Figs. 45Ð51): sternite 5 without window
(Fig. 50); syntergosternite 7�8 1.5 times longer than

Figs. 65–71. Neobellieria sigilla. (65) Phallus and hypandrial complex, left lateral. (66) Acrophallus, posterior. (67)
Acrophallus, posterior. (68) Epandrium, surstylus and cerci, lateral. (69) Epandrium, surstylus and cerci, posterior. (70) Male
sternite 5, ventral. (71) Female terminalia, posteroventral. Scale bar � 0.2 mm (Figs. 65Ð67), 0.5 mm (Figs. 68Ð71).

Fig. 72. Strict consensus tree of relationships withinNeo-
bellieria. Bootstrap and Bremer support values are given
above and below branches, respectively.
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that of other species of the subgenus (Fig. 51); horns
on harpes reduced or absent (Fig. 46); harpes strongly
bent in lateral view (Fig. 45); desclerotized strip be-
tween juxta and phallic tube (Fig. 47); short stiff hairs
on medial margin of cercal prong dense (Fig. 49).
Female. Unknown.
Type.HOLOTYPE: � labeled ÔBig Bend N. P. TEX./

Pine Can. 5-6000Õ/10 May 1959/J. F. McAlpineÕ
(CNC).
Etymology.From the Latin longus (long) and sterna

(sternite). The name refers to the long syntergoster-
nite 7�8 of this species.
Distribution. Southern Nearctic: Texas.

Sarcophaga (Neobellieria) polistensis Hall
(Figs. 14 and 52Ð58)

Sarcophaga polistensisHall 1933: 110; Downes (1965):
959.
Sarcophaga polistensis offecta Lopes 1938: 342.
Neobellieria brethesi Blanchard 1939: 823.
Sapromyia polistensis: Roback (1954): 65.
Sapromyia polistensis offecta: Roback (1954): 65.
Neobellieria offecta: Lopes (1969): 51.
Sarcophaga (Neobellieria) polistensis: Pape (1996):

367.

Male.Body length 7.0Ð12.0 mm. Head: ground color
brown with whitish, yellowish or shining yellow pru-
inosity, sometimes with bronze or silvery pruinosity.
Eight to 12 medioclinate pairs of frontal setae, row
distinctly curving outwards at lunule; usually 2Ð3 pairs
of weak interfrontal setae, posterior ones usually bet-
ter developed; frontal vitta sometimes pale brown or
reddish brown; parafacial yellowish or brownish pru-
inose, sometimes bright yellow; gena usually black-

haired with white or yellow setae close to genal suture;
postgena white or yellow-haired; antenna dark to light
brown, sometimes yellow. Thorax: pruinescence often
golden or shining yellow; 4Ð5 postsutural dorsocentral
setae, posterior two stronger than anterior ones; apical
scutellar setae present. Wing: lateral margin of alula
with fringe of dark hairs as long as those on anterior
margin of anal lobe; posterior margin of upper calypter
with white or brown short hairs; hairs fringing calyp-
teres long, pale brown or yellow at fold. Legs: gray-
white or yellow pruinosity; fore femur with few or
without long ventral wavy hairs on proximal part; fore
tibia usually with 2Ð3 strong anterodorsal setae on
proximal part; mid femur with few long ventral wavy
hairs on proximal half or third; mid tibia without long
ventral, anteroventral and posteroventral bristle-like
hairs on distal half, second row of long anterodorsal
setae on proximal two thirds sometimes absent or
reduced to 1Ð2 proximal setae. Abdomen: tergite 5
usually entirely orange reddish and covered with yel-
lowish pruinosity.

Terminalia (Figs. 52Ð57):windowof sternite5 form-
ing a dome-shaped elevation anteriorly (Fig. 57);
horns on harpes reduced or absent (Fig. 53); distinct
hinge between juxta and phallic tube (Fig. 54); apex
of juxta same length or shorter than base, base straight
relative to apex in lateral view (Fig. 52); short stiff
hairs on medial margin of cercal prong moderately
dense (Fig. 56).
Female. Body length 9.0Ð10.5 mm. Differs from

male as follows: Head: 7Ð10 pairs of medioclinate fron-
tal setae, row distinctly curving outwards at lunule;
interfrontal setae usually absent or minute. Thorax:
4Ð5 postsutural dorsocentral setae, posterior two
stronger than anterior ones; sometimes four katepis-

Fig. 73. One of 18 most parsimonious trees showing character state distribution in Neobellieria. Polymorphic states in
gray.
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ternal setae, middle two smaller than others. Legs: mid
femoral organ absent.

Terminalia (Figs. 14 and 58): Tergite 6 with 5Ð6
moderately strong setae on each side, concentrated on
dorsal half; sternite 6 slightly depressed, covered with
short setae on posterior third, usually with six long
black setae on posterior margin; sternite 7 with few
weak and short black setae on posterior margin; ster-
nite 10 membranous and covered with short setae.
Types. HOLOTYPE: � labeled ÔH. B. Parks/collec-

torÕ; ÔBexar Co. Texas/8-24-1931Õ; ÔHall coll./Sarcoph-
agidaeÕ; ÔHolotype/Sarcophaga/polistensis/HallÕ
(USNM). ALLOTYPE: Texas: Bexar Co., 24-VIII-1932
(1�, USNM). PARATYPES: same data as allotype
(1�, USNM; 1�, CNC); same except 5-IV-1929 (1�,
CNC); same except 16-VIII-1932 (1�, CNC); Okla-
homa: Stillwater, 28-VII-1932 (1�, 1�, USNM); Payne
Co., 30-IX-1932 (1�, USNM); same except 28-IX-1932
(1�, CNC). HOLOTYPE of S. polistensis offecta: �
labeled ÔCantareira/Horto [Horto Florestal], S.
Paulo/S. Lopes, III-1936Õ (MNRJ). PARATYPES: Ita-
tiaia, 800 ms., XII-1933 (1�, MNRJ); Angra E. do
Rio/Japuhyba, II-1935 (1�, MNRJ); same except
I-1936 (1�, MNRJ); Corcovado, Rio, X-1932 (1�,
MNRJ); Ch. da Floresta/Gavea [Rio de Janeiro], IX-
1935 (1�, MNRJ); Brasilien, Nova Teutonia, Sta.
Catharina, 27 �11� S. 52� 23� W, 22-I-1937 (1�, MNRJ;
1�, CNC); Rio de Janeiro (Grajahú), 20-II-1938 (3�,
not examined).
Other Material Examined. 78� and 13�: BRAZIL:

Bahia: Encruzilhada; Maranhão: Grajahu; Mato
Grosso: Juṍna, Sinop; Rio de Janeiro: Itaguaṍ, Itatiaia;
Instituto Oswaldo Cruz; Rio Grande do Sul: 15 de
Novembro; Santa Catarina: Nova Teutonia, Therezo-
polis; COLOMBIA: Valle, near Candelaria; COSTA
RICA: Guanacaste (Santa Rosa N. P.); ECUADOR: El
Oro: Zaruma; PANAMA: Emperador Rd. km10, Canal
Zone, near Frijoles; MEXICO: Durango: 5 miles W
Durango; Morelos: Acatlipa; Veracruz: 8 miles W Son-
tecomapan; UNITED STATES: Arizona: Arizona City,
Santa Rita Mts., Baboquivari Mt.; Florida: Miami, Dade
City, 11 miles NW Copeland, Homestead, Royal Palm
Park; Illinois: Carbondale; Oklahoma: Stillwater; Tex-
as: Brownsville, Port Lavaca, Big Bend Natl. Park,
Dallas, College Station, Hidalgo Co., Austin, Cas-
troville; Virginia: Dismal Swamp (CNC, MNRJ,
SMNH, USNM).
Distribution. Southern Nearctic and Neotropical.

Arizona to Virginia, south to Ecuador and Brazil.
Biology. Larvae inhabit nests of several species of
Polistes Latreille (Hymenoptera: Vespidae) (Hall
1933, Blanchard 1939).

Remarks.Lopes (1938) distinguished S. polistensis
offecta from S. polistensis by the absence of the
ctenidium on the mid femur and by small details of
the phallus. Pape (1996) did not consider S. polis-
tensis offecta distinct, and we found no consistent
differences in either of the characters discussed by
Lopes.

Sarcophaga (Neobellieria) schrameli Dodge
(Figs. 59Ð64)

Sarcophaga schrameli Dodge 1967: 685.
Sarcophaga (Tolucamyia) schrameli: Pape (1996): 411.

Male. Body length 7.0Ð9.5 mm. Head: 8Ð11 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; 0Ð4 pairs of interfrontal setae, pos-
terior ones usually better developed; gena black-
haired; postgena white-haired with few black setae
close to oral margin. Thorax: 4Ð5 postsutural dorso-
central setae, posterior two stronger than anterior
ones; apical scutellar setae present. Wing: lateral mar-
gin of alula with fringe of dark hairs as long as those
on anterior margin of anal lobe; posterior margin of
upper calypter with white or pale brown short hairs;
hairs fringing calypteres long and pale brown at fold;
longcostal spineusuallypresent.Legs: fore femurwith
few or without long ventral wavy hairs on proximal
part; mid femur with few long ventral wavy hairs on
proximal half or third and with a complete row of setae
posteroventrally; numerous long or very long ventral,
anteroventral and posteroventral wavy hairs absent on
hind femur. Abdomen: margin of tergite 5 same color
as other abdominal tergites.

Terminalia (Figs. 59Ð64): sternite 5 without win-
dow (Fig. 64); horns on harpes reduced or absent (Fig.
60); harpes strongly bent in lateral view (Fig. 59);
desclerotized strip between juxta and phallic tube
(Fig. 61); apex of cercal prong distinctly tapering (Fig.
62); short stiff hairs on medial margin of cercal prong
dense (Fig. 63).
Female. Unknown.
Types. HOLOTYPE: � labeled ÔMatachic, Chih./

Mex. VII-7Ð47Õ; ÔD. Rockefeller/Exp. SchramelÕ; ÔSar-
cophaga/schrameli/Holotype/Det. H. R. Dodge 1966�
(AMNH). PARATYPES: same data as holotype (2�,
not examined); same data as holotype except D. Rock-
efeller Exp. Cazier (1�, AMNH); MEXICO: Chihua-
hua; San Jose Babicora, 7700 feet, 04-VII-1947, D.
Rockefeller/Exp. Michener (1�, AMNH).
Other Material Examined.MEXICO: Chiapas, San

Pedro Madero, Coreopsis stems, 29-VIII-1909 (2�,
USNM); Mexico, 22 miles N Altacomulco, 8,100�, 18-
VIII-1964 (1�, CNC); Durango, 11 miles W Durango,
7,000�, 13-VII-1964 (1�, CNC); 20 miles NE Durango,
6,400�, 24-VI-1964 (1�, CNC); 3 miles E El Salto,
8,200�, 4-VII-1964 (1�, MNRJ).
Distribution. Southern Nearctic to Neotropical:

Durango to Chiapas, Mexico.
Biology. Unknown.

Sarcophaga (Neobellieria) sigilla Reinhard
(Figs. 15 and 65Ð71)

Sarcophaga sigillaReinhard 1947: 118; Downes (1965):
959.
Tolucamyia marstoniana Dodge 1965: 256. New syn-

onym.
Sarcophaga (Tolucamyia) sigilla: Pape (1996): 411.
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Sarcophaga (Tolucamyia) marstoniana: Pape (1996):
411.

Male.Body length 6.0Ð11.0 mm. Head: 7Ð12 pairs of
medioclinate frontal setae, row distinctly curving out-
wards at lunule; 2Ð5 pairs of interfrontal setae, poste-
rior ones usually better developed; fronto-orbital plate
with few scattered black hairs; parafacial setosity often
limited to single row close to eye and with 0Ð3 strong
setae just before genal groove; gena black-haired;
postgena black-haired with white setae posteriorly,
sometimes entirely black-haired; occipital setae white
and with 2Ð3 rows of black setae ventral to postocular
setae. Thorax: 3Ð4 postsutural dorsocentral setae, if 4,
the third one from scutellum reduced; proanepister-
num setose or bare; scutellum with shallow longitu-
dinal dorsal depression, apical scutellar setae absent.
Wing: sometimes a few spines extending to R1 ven-
trally on C; lateral margin of alula with fringe of dark
hairs as long as those on anterior margin of anal lobe;
posterior margin of upper calypter with white short
hairs; hairs fringing calypteres long and pale brown at
fold. Legs: mid femur usually with long ventral and
posteroventral wavy hairs on proximal half or third;
number of long anteroventral setae on hind femur
ranging from 3 to 4 apical setae to an almost complete
row.

Terminalia (Figs. 65Ð70): sternite 5 with window
even with rest of base (Fig. 70); horns on harpes
reduced or absent (Fig. 66); harpes strongly bent in
lateral view (Fig. 65); desclerotized strip between
juxta and phallic tube (Fig. 67); short stiff hairs on
medial margin of cercal prong dense (Fig. 69).
Female.Body length 8.0Ð9.0 mm. Differs from male

as follows: Head: 8Ð9 pairs of medioclinate frontal
setae, row distinctly curving outwards at lunule; usu-
ally 3Ð5 weak interfrontal setae, posterior ones better
developed. Wing: hairs fringing calypteres sometimes
creamy white at fold. Legs: mid femoral organ present.

Terminalia (Figs. 15 and 71): dorsal surface of ter-
gite 6 even, with no setae dorsally, with moderately
strong to weak setae on each side evenly spaced and
about equal in size; tergite 8 present; sternite 7 slightly
depressed; sternite 6 usually with 4Ð6 long and strong
setae on posterior margin; sternite 7 with two long and
strong setae on each side of posterior margin; sternite
8 with a row of tiny setae, slightly broader than those
of other species of subgenus; sternite 10 membranous
and covered with short setae.
Types. HOLOTYPE: � labeled ÔHuachuca Ms./Ar.

7-8-32/J. D. BeamerÕ; ÔHolotype/S. sigilla/ReinhardÕ;
ÔSarcophaga/sigilla/R. RnhÕ (USNM).

HOLOTYPE of Tolucamyia marstoniana:� labeled
ÔMexico: Mexico/20 miles. E. Toluca/31 July 1962/N.
Marston-34Õ; ÔTolucamyia/marstoniana/Holotype/
Det. H. R. Dodge 1964Õ (USNM). ALLOTYPE: � same
data as holotype.
Other Material Examined. MEXICO: Mexico, 3.5

miles. N. Teotihuacan, 30-VI-01-VII-1982, 7,300� (1�,
GD); same except 6.3 miles. E. summit Rt. 15, 8,000�,
Bosencheve, 7-8-VII-1982, bark and logs conifer for.
(1�, GD); Durango, 14 miles. SW. El Salto, 8,000�,

9-VI-1964 (2�, CNC); same except 24 miles. W. La
Ciudad, 7,000�, 17-VII-1964 (1�, CNC); same except
21.-VII-1964 (1�, CNC); Sinaloa, 4.5 miles. W. El
Palmito, 6,300�, 25-VII-1964 (1�, CNC); Oaxaca, Te-
huantepec, 6-IX-1947 (1�, CNC); Michoacán. Qui-
roga, 14-IX-1947 (1�, MNRJ); AtzcapÕco, 31-VIII-1922
(1�, USNM); UNITED STATES: Arizona: Huachuca
Mtns. Ramsey Canyon, Hamburg trail (31� 26.3� N,
110� 19.2� W), �6,300�, 11-VIII-1999 (5�, GD); same
except �1.4 miles along Hamburg trail, 23-IX-1994
(3�, CNC); same except Carr Peak, 9,200� (31� 24.8�
N,110�18.3�W),12-VIII-1999(1�,CNC); sameexcept
trail to Carr Peak from Reff Townsite, 7,500�-8,500�
(1�, CNC); Cochise Co., Rustlers Park, 8,000�, 18-VI-
1956 (1�, CNC).
Distribution. Southern Nearctic to Neotropical: Ar-

izona to Oaxaca and Michoacán, Mexico.
Remarks. The apex of the abdomen (tergites and

sternites 4Ð5) of the holotype of Tolucamyia marsto-
niana is glued to the label. The only discernible dif-
ferences between the holotype of T. marstoniana and
that of S. sigillawere too minor to justify separation of
the two species.

Phylogeny

The phylogenetic analysis yielded 18 most parsimoni-
ous trees of 45 steps each. The monophyly ofNeobellieria
is supported by nine synapomorphies (Fig. 73), three of
which are uniquely derived within the genus Sarcophaga,
based on the exemplar-based phylogeny of Giroux et al.
(2009): horn-shaped lateral styli (19:1) and two rounded
vesical lobes (21:1) bearing thorn-like spines (22:1). In
addition to the subgenera included in the exemplar study,
the senior author also examined the type species of half
the subgenera within Sarcophaga and none had the horn-
shaped lateral styli (19:1). Wells et al. (2001) found thatS.
(N.) bullata and S. (N.) cooleyiwere sister species based
onmitochondrialDNAanalysis,althoughtheir taxonsam-
pling was limited: two species of Neobellieria and Þve
other species of Sarcophaga were included in their anal-
ysis. Molecular analysis of additional species ofNeobellie-
riawould testourphylogenetichypothesis andmightalso
provide molecular tools to identify specimens, including
females and larvae.

The 18 most parsimonious trees differed in the place-
ment of the Þve basal taxa of Neobellieria. The strict
consensus tree is shown in Fig. 72. The clade Sarcophaga
citellivora and S. cooleyi was treated either as the sister
grouptorestof thesubgenus(as inFig.73)oras separate
branches at the base of the tree. Both S. citellivora and S.
cooleyi have sternite 5 with a short base (12:1) and free
hypandrial arms (15:1). Both of these species also share
the lateral sabre-shaped horn on the harpes (25:1) with
S. bullata; S. cooleyi and S. bullata also have similarities in
size and setosity of female tergite 6 (Figs. 11Ð12) as well
as the absence of female tergite 8 (9:1) (Fig. 73). The
former subgenus Tolucamyia is monophyletic (Figs. 72
and 73), supported by three autapomorphies: harpes
strongly bent in lateral view (24:1), a partly sclerotized
juxta (16:1) and black genal setae, with at least some
white setaeonthepostgena(1:0).The lattercharacter is,
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however, polymorphic in S. bullata, S. polistensis and S.
libera. Although Tolucamyia is monophyletic, its recog-
nition as a distinct subgenus would make the Þve species
currently assigned to Neobellieria paraphyletic and thus
the synonymy of the two subgenera is justiÞed.

Discussion

Sarcophaga citellivora, S. cooleyi, and S. bullata have
similar ecological habits; larvae of all three species
have been reared from vertebrate hosts and may op-
portunistically cause human myiasis (Stewart 1934,
Watson 1942, Curtis 1956). The latter two species are
also likely to be found feeding on human cadavers
(Wells et al. 2001). Thus, development in vertebrate
hosts may be plesiomorphic for Neobellieria species,
although more outgroup comparisons, based on
broader taxon sampling, would be required to provide
support for this.

The three species of Neobellieria discussed above
are the only members of the subgenus recorded from
vertebrates. Larvae of S. polistensis and S. libera have
been reared from nests of Vespidae, where they are
apparently predaceous on the pupae. Although S.
cooleyi also has been recorded in association with
invertebrate hosts, those records are all from Lepi-
doptera, and the association with Hymenoptera nests
may provide additional support for a sister-group re-
lationship between S. polistensis and S. libera.

The biology of the four species of the former sub-
genus Tolucamyia is unknown and given their place-
ment on the tree (Fig. 73), it is difÞcult to predict
whether they are associated with vertebrate or inver-
tebrate hosts.

Although Sarcophaga is most species-rich in the Old
World, with only �100 New World species (Pape
1996, 1998), Neobellieria is restricted to the New
World. The clade S. citellivora � S. cooleyi contains
two western Nearctic species and S. bullata and S.
libera are widespread Nearctic. Sarcophaga polistensis
is southern Nearctic and widespread in the Neotro-
pical region from Mexico to Brazil. Species in the clade
previously treated as Tolucamyia are restricted to Ar-
izona, Texas, Mexico and Guatemala, predominantly
at high elevations.
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Appendix 1. Characters Used in Phylogenetic
Analysis

1. Genal and postgenal setae: (0) genal setae black,
some postgenal setae white or yellow; (1) some genal
setae white or yellow close to genal suture, postgenal
setae white or yellow.

2. Postsutural dorsocentral bristles: (0) four or
more, posterior two stronger and longer than anterior
two; (1) three or four (third one from scutellum re-
duced or absent); (2) three well developed.

3. Male apical scutellar bristles: (0) present; (1) absent.
4. Marginal hairs on alula: (0) longer than anterior

marginal hairs of anal lobe; (1) as long as anterior
marginal hairs of anal lobe.

5. Hairs fringing calypteres at fold: (0) creamy
white; (1) pale brown.

6. Female mid femoral organ: (0) absent; (1) present.
7. Female sternite 6: (0) ßat (1) depressed.

8. Female sternite 7: (0) ßat (1) depressed.
9. Female tergite 8: (0) present; (1) absent or vestigial.
10. Male sternite 5, window: (0) present; (1) absent.
11. Male sternite 5, window: (0) forming a dome-

shaped elevation anteriorly; (1) ßat.
12. Male sternite 5; length of base: (0) long; (1) short.
13. Male terminalia, color: (0) dark brown or black;

(1) yellow or reddish.
14. Male cercal prong, short stiff hairs on medial

margin: (0) sparse; (1) dense.
15. Hypandrial arms, degree of fusion, posterior

view: (0) fused; (1) free.
16. Juxta, degree of sclerotization: (0) well sclero-

tized; (1) partly sclerotized.
17. Juxta, demarcation with phallic tube: (0) distinct

hinge; (1) desclerotized strip.
18. Juxta, shape in dorsal view: (0) as long as wide;

(1) wider than long.
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19. Lateral styli, shape: (0) tubular or Þliform (1)
horn-shaped.

20. Lateral styli, longitudinal cleft: (0) closed, spiraling
along length; (1) opened on internal side along length.

21. Phallic vesica, number of lobes: (0) bilobed
structure; (1) two separate lobes.

22. Phallic vesica, shape of lobes: (0) ßattened and
thin; (1) rounded with thorn-like spines.

23. Phallic vesica, sclerotization: (0) partly sclero-
tized; (1) entirely sclerotized.

24. Harpes, shape in lateral view: (0) straight; (1)
bent at roughly a right-angle.

25. Harpes, black lateral horns: (0) reduced or ab-
sent; (1) present.

Appendix 2. Data matrix of character states used in analysis.
?, missing data; -, inapplicable character; A, polymorphic 0/1

1111111111222222
1234567890123456789012345

Liosarcophaga pleskei 0000010000000010000000000
Pseudothyrsocnema spinosa 10000000001000000000 00000
Neobellieria bullata A001111110001100011111101
Neobellieria cavagnaroi 02101????0101101111111110
Neobellieria citellivora 1000001110011010011111101
Neobellieria cooleyi 10000A0110011110001111101
Neobellieria libera A001101110001100011111100
Neobellieria longisterna 02101????1Ð01101111111110
Neobellieria polistensis A0011011100011A0011111100
Neobellieria schrameli 00011????1Ð01111011111110
Neobellieria sigilla 0111110100101101111111110
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