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stylet with short arms. Male terminalia (Figs 17, 37) with
long, thick setae on left side of epandrium; right side
of epandrium with longitudinal ridge; right surstylus
with carinae.

Geographical distribution. North America east of the
Rocky Mountains.

Phylogenetic relationships. Unresolved.

Derivation of specific epithet. This species is named for
the single enlarged tarsomere on the mid-leg.

Holotype, 3, CANADA: Quebec: Gatineau Co.,
Masham Twp, 20—24.v.1974 (Wood) (CNC).

Paratypes. CANADA: Alberta: 138, 19, 8km W
Edmonton, Wagner Natural Area, 13—27.vi.1990 (Brown),
Malaise trap, spruce/Populus (BVB), 138, 77km S Fort
Vermilion, Tall Cree Crossing Recreation Area, 22.vi—
25.vi.1991 (Fuller), Malaise trap, mixed forest (BVB):
Quebec: Gatineau Co., Masham Twp, 28, 20-24.v., 19,
10—-13.vi., 83, 11.vi, 13, 22-26.vi. 28, 1%, 10—20.vii.1974
(Wood) (BVB CNC), UNITED STATES: Maryland:
18, Rockville, 30.v.1969 (Steyskal) (USNM), Prince
Georges Co., Laurel, 438, 26.v, 13, 2.vi.1965, Malaise
trap (CNC); New Hampshire: Carr. Co., The Bowl, 2.5 mi
NW Wonalancet, 9—14.vi.1984 (Chandler), Malaise trap
(UNH); New York: Essex Co., 18, Keene Valley, 1200,
20.vii. 1962 (Vockeroth) (CNC), North Carolina: Macon
Co., 34, 15km W Franklin, Wayah Crest picnic area,
26—30.v.1988 (Fuller), yellow pans, deciduous forest
(BVB); Virginia: Essex Co., 1mi S Dunnsville, 138,
29.iv.1991 (Smith), Malaise trap (BVB).

Apocephalus mortifer Borgmeier 1937 (Figs 16, 37,
105)

Species recognition. Males of this species can be re-
cognized by the structure of the right side of the epandrium.
Females cannot be separated reliably from other, closely
related species.

Description. Adult. Body colour mostly yellow. Body
length 2.4—2.8 mm. Mean frontal ratio 0.73. Flagellomere
1 of male extended past vertex. Palpus with scattered,
moderately long setae. Mean costal ratio 0.53, range
0.52—0.54; mean costal sector ratio 6.10:3.70:1, range
5.60—6.75:3.40—4.26:1. Male tarsomere 1 of mid-leg
enlarged. Ovipositor similar to Fig. 63. Dorsal, forked
sclerite of stylet with long arms. Epandrium with few
ventral setae on left side (Fig. 16). Right surstylus with
complete ventral carina and broad ventral lobe (Fig. 37).

Third-instar larva. Mean body length 3.57 mm (n=4).
Structure similar to that of A.antennatus, but papillae
slightly smaller and with fewer spines anteriorly on pro-
thorax (Fig. 105).

Puparium. Similar to that of A.antennatus.

Way of life. Larvae of this species are multiple para-
sitoids of a cantharid beetle, Chauliognathus fallax Germar
(Coleoptera: Cantharidae) (Borgmeier, 1937). Larvae
were found in the abdomen of the beetle, but left the host
for pupation. The immature stages were described briefly
by Borgmeier (1937).

Geographical distribution. Known only from Brazil.
Previous records of this species from the Nearctic Region
refer to A.unitarsus.

Phylogenetic relationships. Unresolved.

Type material examined. cotypes. BRAZIL: Sdo Paulo:
Campinas, 28, 29, xii.1936, 308, 459, i.1937 (Mendes)
ex Chauliognathus fallax (BVB, MCZ, USP). One male
(USP) was selected and designated as a lectotype; the
other specimens are paralectotypes (present designation).
Also, numerous larvae and puparia from the same series
as the types were examined.

Other material examined.2? , BRAZIL: Santa Catarina.

Apocephalus wheeleri-subseries

Diagnosis. Tarsomeres 1 and 2 of mid-leg enlarged
apically in male. '

Apocephalus wheeleri Brues 1904 (Figs 18, 39, 63, 80,
81, 83, 84, 87, 108)

Species recognition. Males of this species are recognized
easily by the greatly enlarged, rounded lobes of tar-
someres 1 and 2 of the mid-leg (Fig. 87). Females can-
not be reliably separated from those of other, closely
related species. Some female specimens lack the lower
fronto-orbital setae, but these are keyed out separately
in the key.

Description. Adult. Body colour mostly yellow. Body
length 2.9—3.5 mm. Mean frontal ratio 0.61. Flagellomere
1 of male extended past vertex. Palpus with scattered,
moderately long setae. Mean costal ratio 0.53, range
0.49-0.56; mean costal sector ratio 4.60:3.01:1, range
3.78—5.43: 2.33-3.57:1. Male terminalia (Figs 18, 39)
with long thick setae on left side of epandrium; right side
of epandrium with longitudinal ridge; right surstylus with
incomplete carinae.

Way of life. Adults of A.wheeleri are active for a short
time in the spring, from May to early June in the
Washington, D.C. area (later farther north). Hosts of this
species are not known. Borgmeier’s (1963: 168) comment
that this species probably was parasitic on Formica fusca
(Hymenoptera: Formicidae) was an unlikely speculation.
Based on its frequent collection in light traps, A.wheeleri
probably is nocturnal.

Geographical distribution. North America, east of the
Rocky Mountains (Fig. 108).

Phylogenetic relationships. This species is the adelphota-
xon of A.tritarsus.

Holotype. ? (examined), UNITED STATES: Wisconsin:
Pine Lake, 7.vi.1890 (Wheeler) (USNM).

Material examined. 783, 339, CANADA: Quebec:
UNITED STATES: Connecticut; Maryland; Minnesota;
Missouri; Nebraska; New York; Virginia (BVB, CNC,
NYSM, USNM).



Apocephalus tritarsus new species (Figs 19, 40, 88)

Species recognition. This species is recognized easily by
the slight swelling of tarsomeres 13 (Fig. 88).

Description. Adult (male only, female unknown). Body
colour mostly yellow. Body length 2.5-2.8mm. Mean
frontal ratio 0.63. Flagellomere 1 not extended past vertex.
Palpus with scattered, moderately long setae. Mean costal
length 0.49 wing length, range 0.48—0.51; mean costal
sector ratio 5.03--3.37:1, range 4.43-5.82:2.71-3.73:1.
Mid-leg of male with tarsomeres 1, 2 and 3 slightly enlarged.
Male terminalia (Figs 19, 40) with long, thick setae on
left side of epandrium; right side of epandrium with longi-
tudinal ridge; right surstylus with single carina.

Geographical distribution. Known only from the type
locality in Mexico.

Phylogenetic relationships. This species is the adelphota-
xon of A.wheeleri, based on the enlarged tarsomeres 1 and
2 of mid-leg; the undeveloped surstylar carina and the
relatively short flagellomere 1 are anomalous.

Derivation of specific epithet. This species is named after
the first three tarsal segments of the mid-leg, which are
enlarged.

Holotype. 3, MEXICO: Chiapas: San Cristébal de Las
Casas, 7087, 18—19.v.1969 (Peterson) (CNC).

Paratypes. 23, same data as holotype (BVB, CNC).

Mesophora species, incertae sedis

The relationships of the following two species are un-
known. Apparently, they do not belong in the A.trunc-
aticercus-infragroup or A.wheeleri-infragroup, because
they lack a differentiated group of enlarged setac on the
ventral margin of the left side of the epandrium.

Apocephalus adustus new species (Figs 20, 41)

Species recognition. This species is variously coloured,
but can be recognized by the dark brown frons and thoracic
dorsum that contrast sharply with the yellow base of flagel-
lomere 1 and whitish-yellow halter. The arrangement of
setae on the left side of the epandrium (Fig. 20) also is
diagnostic.

Description. Adult (male only, female unknown).
Body colour various: frons, dorsum of thorax and ab-
dominal tergites dark brown; palpus yellow; flagellomere
1 ranges in colour from yellow at base and dark brown
on apex to completely yellow; pleural region of thorax
dark brown to yellow; halter whitish-yellow; legs light
brown; venter of abdomen dark brown to yellow. Body
length 1.9—-2.6 mm. Mean frontal ratio 0.80. Palpus with
moderately long to short, mostly apical setac. Mean costal
ratio (.51, range 0.49-0.53; mean costal sector ratio
4.04:2.64:1, range 2.71-5.43:0.86:3.29:1. Left side of
epandrium with single seta below epandrium and many
marginal setac (Fig. 20). Right side of epandrium with
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single setae; right surstylus large, rounded, without carinae
(Fig. 41).

Notes about description. The specimen from San Vito is
teneral. It is the lightest coloured individual and has an
extremely unusual costal ratio (2.71:0.86:1).

Geographical distribution. This species is known only
from two sites in Costa Rica.

Phylogenetic relationships. Unknown.

Derivation of specific epithet. This name is derived from
a Latin word for brown, referring to the dark overall
coloration of this species.

Holotype. 3, COSTA RICA: San José, Zurqui de
Moravia, iii.1991 (Hanson), Malaise trap, 1600 m (USNM).

Paratypes. COSTA RICA: Puntarenas 14, San Vito,
Las Cruces, 5—20.v.1988, 1200 m (Hanson), Malaise trap
(BVB), San José, Zurqui de Moravia, 14, iii.1989, 13,
ix—x.1990, 248, iii.1991 (Hanson), Malaise trap, 1600 m
(BVB). '

Apocephalus curtus new species (Figs 21, 42)

Species recognition. This species is recognized by the
combination of a brown halter with ventral abdominal
setae on segment 6.

Description. Adult (male only, female unknown, but
see undescribed female C). Body colour yellow-brown;
halter, abdominal tergites and apex of flagellomere 1 dark
brown. Body length 2.6—3.4 mm. Mean frontal ratio 0.78.
Palpus elongate, as long as flagellomere 1, with scattered,
short setae. Flagellomere 1 relatively small. Mean costal
ratio 0.55, range 0.53—0.56; mean costal sector ratio
6.29:5.29:1, range 6.00—6.57:5.00—5.57:1. Venter of
abdominal segment 6 with row of large setae. Epandrium
short (Figs 21, 42); left side of epandrium with long
posteroventral projection; right surstylus extremely broad
apically, narrow basally.

Geographical distribution. Known only from the type
locality in Costa Rica.

Phylogenetic relationships. Unknown.

Derivation of specific epithet. This species is named for
the relatively short epandrium.

Holotype. 3, COSTA RICA: San José, Zurqui de
Moravia, iii.1991 (Hanson), Malaise trap, 1600 m (USNM).

Paratypes. COSTA RICA: San José, Zurqui de Moravia,
63, ix—x.1990, 13, same data as holotype (BVB, CNC,
USNM).

Unnamed female Mesophora

Apocephalus species female A (Fig. 64)

Species recognition and identity. This species might be
the unknown female of A.setialvus. It is only Nearctic
Region species lacking both middle and lower fronto-
orbital setae. The extremely wide ovipositor also is dis-
tinctive (Fig. 64), but in general similar to that of females
of A.wheeleri-series species.
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Material examined. 12, UNITED STATES: West
Virginia: Grant Co., 16km W Petersburg, Red Creek
Campground, 6.vi.1988, sweeping deciduous forest (Fuller)
(BVB).

Apocephalus species female B (Figs 45, 65)

Species recognition and identity. This species has an
interesting combination of characters: flagellomere 1
pyriform, palpus long, halter light brown, ovipositor of
A.wheeleri-group type (Fig. 65). Until the male is known,
however, it cannot be named.

Material examined. 19, COSTA RICA: San José: Villa
Mills, Cerro de la Muerte, 3000 m, iii—iv.1989 (Hanson),
Malaise trap (BVB).

Apocephalus species female C

Species recognition and identity. These specimens were
collected in a sample also containing several males of
A.curtus, which they resemble closely, and probably
are the females of that species. If so, they resolve the
placement of this species in the reconstructed phylogeny
as the adelphotaxon of the A.wheeleri-group except for
A.pristinus (Fig. 111).

These flies are identified easily by the pairs of dense
patches of long, parallel, black setae on the venter of
abdominal segments 5 and 6. The patch on segments 5 is
larger and more medial than that of segment 6.

Material examined. 8%, COSTA RICA: San José:
Zurqui de Moravia, ix—x.1990 (Hanson), Malaise trap,
1600m (BVB).

Host—parasite relationships and way of life

The parasitic lifestyle of these flies is their attribute of
greatest interest to biologists in general. Unfortunately,
the hosts of most species are unknown. From the infor-
mation available, 1 tentatively assume that most species are
parasites of cantharoid beetles. Because virtually all other
Apocephalus-series taxa, including other Apocephalus
species, are parasitoids of ants, Mesophora probably
have shifted from ants to their new hosts (Fig. 112). The
relationships of Mesophora to other Apocephalus species
are unknown, because the structure of Mesophora species
is divergent from that of other Apocephalus.

Male, but not female, Mesophora have a large number
of sensilla on an enlarged flagellomere 1, possibly for
detection of female attractant pheromones (see discussion
on character 6 above). This suggests crepuscular or noc-
turnal activity, when vision is not useful. The extreme
enlargement of flagellomere 1 of the A.wheeleri-series
might indicate a greater degree of crepuscular or nocturnal
activity than other species. Adults of A.antennatus, a
species known to attack nocturnal fireflies, A.insulanus

and especially A.wheeleri are known to be active at night,
as they are collected commonly in light traps.

Many species of Mesophora in the Nearctic Region
apparently are univoltine, with adults appearing only
for a short time in the spring. These species include
A.brunnipes, setialvus and wheeleri. Other species, es-
pecially A.antennatus, have a longer flight period and
perhaps more than one generation per year.

Notes on species richness

Before this revision began, Mesophora was represented
by a total of only six species. Now, there are twenty-eight
named species, several more unnamed, and no reason to
believe that even half of the real total number has been
attained. A particularly large sample of specimens was
collected in a Malaise trap from Zurqui de Moravia, San
José Province, Costa Rica in March 1991. In this trap
there were sixty specimens of Mesophora, including repre-
sentatives of at least twelve species. Other samples, collected
at different times of the year at the same site, had fewer or
no specimens. These flies do not represent an in situ
radiation of taxa, because they belong to different lineages
within Mesophora. Prior to seeing the Zurqui de Moravia
sample, I had accumulated a total of only ten Neotropical
Region specimens of this group on loan from major mu-
seums. I can only conclude that the species found at this
site are parts of larger, more speciose lineages that have
numerous relatives elsewhere in the relatively infrequently
sampled Neotropical Region. Based on these obser-
vations, there must be many more undescribed species of
Mesophora, in agreement with Erwin’s (1991) conclusion
that the number of undescribed species in collections is a
poor indicator of the actual species richness. The total
species richness of Mesophora is still unknown, but could
conceivable be as high as fifty to one hundred species.

Apparently, the greatest species richness of these flies
is at middle elevations in the tropics, especially sites like
Zurqui de Moravia (elevation 1600 m), Monteverde
(1700m), and Empalme (2600—2800m) in Costa Rica,
and San Cristébal de las Casas, Mexico (2160 m). In the
Nearctic Region, the greatest species richness at one
site was found at Dunnsville, Maryland (elevation near
sea-level) where A.antennatus, setialvus, unitarsus and
wheeleri were collected together.

Future work

A lack of female specimens of many species hindered the
phylogenetic analysis attempted for this group; see Fig.
109 to appreciate the full extent of this problem. Progress
will be made only with increased collecting of specimens,
especially in middle elevation sites in the Neotropical
Region. Only long-term sampling using Malaise traps will
provide the specimens of unknown species necessary to
obtain a full picture of this group. Furthermore, rearing of



larvae from potential hosts, using relatively straightforward
and successful methods (Brown, in preparation) will allow
us to make stronger statements about the evolution of
host—parasite interactions.
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