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Abstract—Taxonomists often use differences in color to diagnose species. This is especially true
for velvet ant species (Hymenoptera: Mutillidae), which often are recognized by differences in
integumental and setal coloration. Recent molecular analyses have shown that color characteristics
are not always useful in distinguishing among mutillid species. Morphological and molecular data
are used here to investigate the different color forms of one of the most variable nocturnal velvet
ants, the widespread species Sphaeropthalma unicolor (Cresson). This analysis also includes some less
variable, but closely related species from the S. unicolor species-group (Group rustica sensu Schuster
1958). Differences were found in genitalic morphology, as well as in the ITS1 and ITS2 rDNA
sequences between two distinct color forms. The species boundaries of S. unicolor and S. mendica
(Blake), new status, are defined. We report that Mutilla aspasia (Blake) and Photopsis nebulosus
(Blake) are junior synonyms of S. mendica. Also, the female of S. angulifera Schuster is described.
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Color characters have often been em-
ployed by insect taxonomists to differenti-
ate between species. Sometimes, however,
using color alone is insufficient to distin-
guish species due to mimicry complexes
(e.g., Heliconius butterflies; Sheppard et al.
1985) or highly variable species (e.g.,
Dasymutilla quadriguttata (Say); Pilgrim et
al. 2009). Wasps in the family Mutillidae
have often been identified largely using
differences in setal coloration or integu-
mental pigmentation (Mickel 1924, 1928,
1935, 1936, 1939, 1941, 1943, 1960; Manley
2003; Manley and Pitts 2007, Manley and
Williams 2005; Williams and Manley 2006;
Pilgrim et al. 2008; Williams and Pitts
2008a). The increased use of molecular
tools, particularly the two internal tran-
scribed spacer regions (ITS1 and ITS2), has
enabled researchers to determine species
boundaries when morphology is ambigu-
ous (Pilgrim and Pitts 2006; Wilson and
Pitts 2008; Pitts et al. 2009).

Recent work on the diurnal genera
Dasymutilla Ashmead and Pseudomethoca

Ashmead suggests that increased caution
needs to be used when determining
whether or not an alternate color form is,
indeed, a distinct species. Pilgrim et al.
(2008) showed that two species of Dasymu-
tilla had been incorrectly described as
separate species based, in large part, on
the differences in their coloration. Also,
Williams and Pitts (2008b) showed that
three species of Pseudomethoca were im-
properly classified as one species, largely
because they all shared a similar color
pattern.

Color has also been used to differentiate
between species and subspecies of noctur-
nal mutillids (e.g. Schuster 1958). Ferguson
(1962), however, suggested that pigmenta-
tion in sphaeropthalmine mutillids was
affected by the temperature and humidity
during development. Molecular methods
were used to show that the subspecies of
the nocturnal mutillid Dilophotopsis concolor
(Cresson), which were defined principally
based on differences in pigmentation, were
invalid (Wilson and Pitts 2008).
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It is probzble, however, that differences
in color do sometimes reilect species-level
differences among members of the family
Mutillidze. For example, Dzsymuiillz asleriz
\fickel and D. sickzliznz (Szussure) are
molecularly disiinct, vet are nearlv ideni-
cal ~truc1ua]l\' These spedies, how ever,
can be ’ecogmzed based on differences in
setzl coloration. Also, the nocturnal spedies
in the 5. imperizlis spedes-group, such as
Sp}:,zemp*}uﬂnu marpzsiz (Blake) and S.
megagnaiics Schuster, can be identified by
differences in their color patterns (Pit=
2006).

Spiazropihzima unicolor (Cresson) is a
common, wide-ranging nocturnal musllid.
The spedific epithet given to this wasp is
unforiunate, because this spedes is polv-
morphic in both setal coloradon and
cuticular pigmentation. Males exhibit three

stinct color forms: some specimens have
a reddish-black integument with vellowish
wings; others have a reddish- brown i integ-
ument with clear wings and white pube:
cence on the metasoma; and, lasiy, there
ate others with vellowish-brown integu-
ment, clear wings and orange pubescence
on the metasoma. Females also are found
in two main color forms: some arte covered
with setze ranging from rted %o vellow,
while the others have distinct white seize
on the Iinges of the metasomal segments.
The extreme varizbility in the coloration of
this wasp has led to numerous svnonyms
being described, largely based on differ-
ences in coloration. Ferguson (1967) sin-
onvmized nine names with S. unicolor
based on the study of over 1,000 sped-
mens. Inferestingly, he insinuated that the
difference in colo*’atioq of the forms is
linked o elevation, stzting that the Mela-
nisfc-color form was onl}* found in higher
elevations across the Great Basin and
Moja\'e Deserts, while the Reddish-b*ovm
color form was present only in the low
elevedons (Ferguson 1967). The a]lopatrv
observed by Ferguson (1967) in the two
distinct color forms suggests elevaiion
could be a barrier to gene flow, and that

these &two Ilorms istinct
spedies.

This paper reporis on molecular and
morphological examinatons thai test the
species boundaries of 5. unmicolor. The
spedes-spedfic lod 17 and 2™ internal
transcribed spacer regions (ITS1 and ITS2)
and morphology are used to determine if
the different color forms of S. umicolor
represent distinct species by comparing
genetic distances between color forms, and
related spedies.

In the course of this study, the female of
a closely related species, 5. anguli‘era
Schuster, was found. We described the
female here and compared it to that oi S.
unicolor.

mav represent

MATERIALS AND METHODS

Sampling

Specimens were collected from sites
across western North America from 2002
0 2007 using black light traps, fluorescent
Iantern traps, and by hand. All specimens
were placed directly into 95% ethanol and
those used for molecular examination have
been lzbeled as voucher spedimens and
deposited in the Depariment of Biologyv
Inseci Collecion, Utah Swzte University,
Logan, UT (EMUS). All holoitvpes were
examined and compared to molecular
voucher s “pecmen. An attempt was made
to sample S. unicolor from all parz= of is
range and from each of its different color
forms.

Three outgroups, Sphiercrihzi=u anguli-
jera, S. pinzlez Schuster end . ‘fmz"*vlzm.
(Bla;\e), were included in the anah sis,
because thev are closely relzted to >.
umnicolor (’:chu_@ 1955; Pitis unpub. data).
Although Schuster (1933) mcuded four
other species in the S. unicolor spedes-
group, we did not include 5. plizio (Fox) oz
S. juxia (Blake) because thev are so genet-
icallv different rom the other members of
the spedes-group thai thev obviousk do
not belong in the group. We were also
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unable to include S. tetricuspis Schuster and
S. subtriangularis Schuster, because they are
found in Baja California and no fresh
specimens were available from this area
for molecular analysis.

Morphological analysis

All specimens were examined with a
Wild M-5 stereo microscope and all mea-
surements were made with an ocular
micrometer. Eye size of females was
determined by measuring the maximum
longitudinal length of the eye compared to
the length from the posterior margin of the
eye to the vertex of the head. Eye length is
reported as a ratio of the eye length to the
eye-to-vertex length. Specimens were bor-
rowed from or deposited into the following
collections:

ANSP Department of Entomology,
Academy of Natural Sciences,
Philadelphia, Pennsylvania,
USA.

Entomology Section, Monte L.
Bean Life Science Museum,
Brigham Young University,
Provo, Utah, USA.

Essig Museum of Entomology,
Department of Entomological
Sciences, University of Califor-
nia, Berkeley, California, USA.
California State Collection of
Arthropods, California Depart-
ment of Food and Agriculture,
Sacramento, California, USA.
Department of Biology Insect
Collection, Utah State Univer-
sity, Logan, Utah, USA.

Insect Collection, Los Angeles
County Museum of Natural
History, Los Angeles, Califor-
nia, USA.

Nevada State Department of
Agriculture, Reno, Nevada,
USA.

Peabody Museum of Natural
History, Yale University, New
Haven Connecticut, USA.

BYUC

CISC

CSCA

EMUS

LACM

NVDA

PMNH

UCDC The Bohart Museum of Ento-
mology, University of Califor-
nia, Davis, California, USA.
UCR Entomological Teaching
and Research Collection, Uni-
versity of California, Riverside,
California, USA.

University of Minnesota Insect
Collection, St. Paul, Minnesota,
USA.

United States National Ento-
mological Collection, Depart-
ment of Entomology, U.S. Na-
tional Museum of Natural His-
tory, Washington D.C., USA.

UCRC

UMSP

USNM

Molecular analysis

DNA was extracted, amplified, and
sequenced from individuals from each of
the three color forms of S. unicolor, as well
as some related species. DNA extraction
and amplification of the two rDNA inter-
nal transcribed spacer regions (ITS1 and
ITS2) followed the protocols outlined by
Pilgrim and Pitts (2006). Sequences were
analyzed with an ABI Prism 377, 3100, or
3730 Genetic Analyzer. All PCR products
were sequenced in both directions and
were combined in Sequencher 4.1 (Gene
Code Corp., Ann Arbor, MI). Pair-wise
percent genetic distances between subspe-
cies were calculated by determining the
number of differences (point mutations
and insertions or deletions) and dividing
by the number of base pairs of the longer of
the two sequences. Gel electrophoresis of
each gene yielded a single band for each
individual wasp and the resulting DNA
was sequenced cleanly suggesting no gene
heterogeneity as seen in some other organ-
isms (e.g., Harris and Crandall 2000; Parkin
and Butlin 2004; Bower et al. 2008).

Phylogenetic analysis

The two genetic loci were subjected to
Bayesian analysis using MrBayes v3.1.2
(Ronquist and Huelsenbeck 2003). Se-
quences were analyzed as a combined data
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set, with each gene partitioned according
to the general time-reversible model (La-
nave et al. 1984) with invariant sites and
gamma-distributed rate variation across
sites (GTR+I+I") and with all parameters
unlinked across loci. Bayesian analyses
included four independent runs with three
heated chains and one cold chain in each
run. The MCMC chains were set for
3,000,000 generations and sampled every
100 generations; chains were run until the
average standard deviation of the split
frequencies dropped below 0.01. The
burn-in period for each analysis was
removed after graphical determination of
stationarity.

RESULTS

Molecular Results

Genetic distances were low between
individuals exhibiting the color form de-
fined by having yellowish-brown integu-
ment, clear wings and orange pubescence
on the metasoma (0% for ITS1 and 0.2% for
ITS2: Table 1). Four of the five individuals
exhibiting this color form had identical
ITS1 and ITS2 sequences, so only one of
these genetically identical individuals is
included in Table 1. Genetic distances were
also low among the form characterized by
reddish-brown integument with clear
wings and white pubescence on the meta-
soma (0.3% for ITS1 and 0.7% for ITS2:
Table 1). The genetic distances were simi-
lar between the melanistic individuals
(0.3% for ITS1 and 0.4% for ITS2: Table 1).
Genetic distances were also relatively low
between the Melanistic form and the
Reddish-brown form with white pubes-
cence (0.6%-1.10% for ITS1 and 0.5%-0.9%
for ITS2: Table 1). The genetic distance
between both forms with white pubescence
and the form with orange pubescence was
high (1.4%-1.7% for ITS1 and 1.9%-2.5%
for ITS2: Table 1). These distances are as
great as or greater than the genetic distance
between any of the S. unicolor forms and
the closely related species S. angulifera
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(0.9%-2.6% for ITS1 and 1.2%-2.5% for
ITS2: Table 1). All sequences have been
submitted to GenBank (Accession nos.
GQ182985-G(Q183013: Table 2).

Phylogenetic Results

Bayesian analysis of the combined mo-
lecular data produced a tree that clearly
depicts the relationships among the color
variants of S. unicolor and the outgroups
(Fig. 1). This topology revealed three dis-
tinct clades that are separated from the
outgroups by a relatively long branch
length (large genetic distance). One clade
is made up of S. unicolor specimens that
have white pubescence on the metasoma,
another is composed of S. unicolor speci-
mens with orange pubescence on the
metasoma, and the last clade is made up
of S. angulifera specimens (Fig.1). The
relationships among these three clades are
unclear, yet the distinctness of each is
supported by a large posterior probability
(1.0). While there was a separation between
individuals with a reddish-black integu-
ment and those with a reddish-brown
integument, the branch length separating
these groups was small.

Morphological Results

Careful examination of numerous S.
unicolor specimens revealed consistent
morphological differences between the
color form with dense fringes of orange
setae on the margins of the tergites and the
color form with dense fringes of white
setae on the tergites. No consistent differ-
ences, besides integumental coloration,
were found between the Reddish-brown
form and the Reddish-black form. Among
males, differences were found in the length
and shape of the cuspis on the genitalia
(Figs 2-5), as well as differences in setal
coloration. Among females, differences
were found in the size of the eyes, pygidial
sculpture, as well as differences in setal
coloration. While there were differences in
integumental coloration in some of the
male specimens, some had a reddish-black



JOURNAL OF HYMENOPTERA RESEARCH: FESTSCHRIFT HONORING ROY SNELLING

216

- %9°S VN %16 %96 %E'6 %06 %06 %6'8 %€ 6 %E'6 %06 suvmSuviy g
%0'€ - VN %6'8 %E6 %0'6 %8'8 %S'8 %68 %06 %1'6 %88 vapurd °g
%6'L %6'L - VN VN VN VN VN VN VN VN VN vaafynSuv °g
%6'L %EL %90 - %¥'C %1T %€’ 1 %E'1 %V'1 %91 %91 %E'1 vaafinSuv g
%9°L %9"L %60 %60 %E0 %00 %9°L %91 Yol'1 %81 %81 %91 4o010o1un g
%9 L %9'L %60 %60 %E0 %00 %91 %91 %Ll %81 %81 %9'T 40j0o1un g
%9°L %92 %60 %60 %€0 %00 %91 %91 Pl'1 %81 %8'1 %91 40j001un °§ 5
%9'L %9'L %60 %60 - %E0 %81 %81 %0C %1°C %1°T %81 40]001un °g Y
%9 L %9°L %6'0 %6'0 %00 - %91 %91 %L1 %81 %81 %9'1 40j001un g
%98 %9'8 %¥'T %¥'C %S'T %S'1 - %0 %¥V'0 %S0 %S0 %ED  (Gustuepw) vorpuonl °§
%98 %98 %L'T Wl %81 %81 %E0 - %V 0 %S0 %S0 %E'0  (Pusiue[dwn) varpuaul °§
%98 %9'8 %V’ %V’ %81 %S'1 %0°0 %0 - %90 %9°0 %y'0  (QUsiuepw) vaipuani S
%9'8 %9'8 %¥Y'C %¥V'C %S’ 1 %S'1 %90 %60 %90 - %80 %S0 po1puani °§
%06 %06 %L'T %l'T %8'1 %81 %60 %C'1 %6'0 %E€0 - %E0 vaipuaus S
%06 %0'6 %L'T %L'T %81 %81 %60 %C'1 %60 %<0 %90 - vopuI g

sLvnSuvig vopord vaafinSup vaofinSuv 10[0014N Aojooin (onstueour) (onstuejow) (onstueour) porpuI porpua vorpuant
'S 'S ‘S 'S 'S 'S vorpuan *g voIpuate 'S vorpuatit 'S 'S ‘S ‘g
1811

‘(mo1aq ZSLI pue ‘Teuoferp anoqe 151 ) dnoid-saads topooiun ayy 03 SuiBuoraq sawads viupiyidosovyds ayy Suowre sAOUIANJIP dPOUID) ‘| d[qe],



VOLUME 18, NUMBER 2, 2009

217

Table 2. Genbank Accession numbers and descriptive information about the velvet ant specimens used in

the genetic analyses.

Species Voucher ID Collection Location ITS1 Accession #  ITS2 Accession #

S. angulifera JP276 CA, San Bernardino Co., 5.5 mi S Barstow GQ182985 GQ183000

S. angulifera JW04 UT, Washington Co., 3 mi West of GQ182986 NA
Bloomington

S. mendica JP555 NV, Nye Co., Pahrump GQ182990 GQ183004

S. mendica JP556 UT, Garfield Co., Alvey Wash, 5 km S GQ182991 GQ183005
Escalante

S. mendica JP625 UT, San Juan Co., Valley of the Gods GQ182994 GQ183008

S. mendica JP626 NM, San Juan Co., 3 mi S Farmington GQ182995 GQ183009

S. mendica JW12 UT, Garfield Co., Alvey Wash, 7 km S GQ182998 GQ183012
Escalante

S. mendica KW08 CA, Riverside Co., Corn Springs GQ182999 GQ183013

S. pinalea JP761 AZ, Cochise Co., Carr Canyon GQ182987 GQ183001

S. triangularis JP108 AZ, Cochise Co., San Pedro Riparian Cons. GQ182988 GQ183002
Area

S. unicolor JP102 CA, Riverside Co., Bautista Canyon GQ182989 GQ183003

S. unicolor JP557 CA, Kern Co., 10 mi WSW McKittrick GQ182992 GQ183006

S. unicolor JP558 CA, Solano Co., Stebbins Cold Canyon GQ182993 GQ183007
Reservoir

S. unicolor JP712 CA, Solano Co., Suisun City, Rush Ranch GQ182996 GQ183010

S. unicolor JP97 CA, Riverside Co., Bautista Canyon GQ182997 GQ183011

integument while others had reddish-
brown, no differences in genitalia mor-
phology were found.

An examination of S. angulifera re-
vealed similar genitalic morphology to
the color form of S. unicolor with dense
fringes of orange setae on the margins
of the tergites (Figs 2-5). Also, the mandi-
bles of S. angulifera are different from
those of any of the color forms of S.
unicolor, with the base of the mandibles
being wide, the dorsal carina terminating
at % the distance from the base forming a
lobe, and the presence of a small angulate
ventral tooth. '

Based on the above molecular and
morphological data, we are recognizing S.
unicolor and S. mendica as distinct species in
the following taxonomic section.

Sphaeropthalma unicolor (Cresson)

Mutilla unicolor Cresson, 1865. Ent. Soc. Phila.,
Proc. 4: 389. Male. Lectotype data: California,
type no. 1887 (ANSP).

Mutilla auraria Blake, 1879. Amer. Ent. Soc.,
Trans. 7: 248. Female. Holotype data: Nevada,
type no. 4573 (ANSP).

Mutilla phaedra Blake, 1879. Amer. Ent. Soc.,
Trans. 7: 251. Female. Holotype data: Nevada,
type no. 4575 (ANSP).

Agama rustica Blake, 1879. Amer. Ent. Soc.,
Trans. 7: 252. Male. Holotype data: California,
type no. 4550 (ANSP).

Photopsis nebulosus Blake, 1886. Amer. Ent. Soc.,
Trans. 13: 275. Male. Holotype data: Nevada,
type no. 4549 (ANSP).

Sphaerophthalmia (sic.) anthophora Ashmead,
1897. In: Davidson, South. Calif. Acad. Sci.
Proc. 1: 5. Male Holotype data: California, Los
Angeles, type no. 6113; Female Allotype data:
California, Los Angeles, type no. 6113
(USNM).

Mutilla monochroa Dalle Torre, 1897. Cat.
Hymen. 8: 63. New name for M. unicolor
Cresson.

Dasymutilla sumneriella Cockerell, 1915. Ento-
mologist 48: 259. Female. Holotype data:
California, La Jolla, type no. 20409 (USNM)

Sphaeropthalma (Photopsis) rustica ocellaria Schus-
ter, 1958. Ent. Amer. 37: 32. Male. Holotype
data: California, Berkeley (UMSP).

Diagnosis of male.—The male of this
species can be recognized by having
mandibles that are weakly excised ventral-
ly with an indistinct basal tooth and an
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Fig. 1. Consensus tree of Bayesian analysis of the combined ITS1 and ITS2 sequences. Numbers at each branch

represent posterior probabilities. Because a long branch separates the outgroup taxa from the ingroup taxa, we
shortened this branch length; the genetic distance between the outgroup taxa and the ingroup taxa can be found

in Table 1.

apex that is tridentate and oblique (Fig. 6),
the posterior margin of the head is quad-
rate, the mesosternum lacks processes, the
second metasomal sternite has a distinct
felt line, and the pygidium is granulate. The
genitalia are similar to S. triangularis, but
the cuspis is only approximately 3/4 the
free length of the paramere, rather than
almost as long as the paramere (Fig. 2). The
cuspis is a uniform diameter from the base
to the apex (Fig. 2). This species has the
apical margins of the tergites with dense
fringes of orange plumose setae and often
orange setae covering the head and meso-
soma.

Diagnosis of female—The female of this
species can be diagnosed by the following
combination of characters: the dorsum of
the body is covered with dense erect red to
pale orange brachyplumose setae that
obscure the integument; the ventral margin
of the mandible has a slight excision, but
lacks a ventral tooth; the head below the
eyes widens towards the mandibular in-
sertions; the first metasoma segment is

sessile with the second segment; and the
pygidium is longitudinally striate and
granulate between the striae; the eye length
is less than the length from the posterior
margin of the eye to the vertex of the head
(the eye is from 0.85 to 0.92 times as big as
the length from the margin of the eye to the
vertex of the head); and the apical margins
of the tergites have dense fringes of orange
plumose setae. Often, orange setae are
covering the head and mesosoma as well.

Distribution.—This species is common in
the Central Valley of California and west of
the Southern California Coastal Mountain
Ranges. It is also present at the extreme
western margin of the Great Basin Desert,
along the foothills of the eastern side of the
Sierra Nevada Range.

Material examined. —MEXICO: Baja Califor-
nia: Rancho sonora bampo, 54 mi S Tijuana, 3 3,
16.May.1959, J.A. Honey (LACM). USA: Cali-
fornia: Colusa Co.: Colusa, 3 &, 15.Aug.1955, R.
Schuster (UCDC); Fresno Co.: Fresno, 1 &,
28.May.1956, 2 3, 3.Jun.1956, Schuster (UCDC);
Helm, 1 3, 26.Jul.1960, R.R. Snelling (LACM);
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Sphaeropthalma unicolor

S. mendica
(Melanistic form)

4
Figs 2-5.

5

Genitalia: dorsal view left; ventral view right; internal lateral view, penial valve removed; penial
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S. angulifera

S. mendica
(Reddish-Brown form)

valve, lateral view; 2. Sphaeropthalma unicolor; 3. S. angulifera; 4. S. mendica (Melanistic color form); and 5. S.

mendica (Reddish-brown color form).

Little Panoche Reservoir, 4 mi W of I-5, 6 &,
27 .May.2005, E.E. and K.A. Williams (KAWC);
Parkfield, 2 &, 28.5ep.1968, E.A. Kane (LACM);
Lake Co.: Soda Bay, 1 &, 17.Jul.1959, 4 g3,
25.Jul.1958, R.E. Dolphin (UCDC); Los Angeles
Co.: Big Rock Creek, San Gabriel Mts, 1 g,
.0Oct.1959, Honey and Sphon (LACM); Boquet
Cyn, 1 &, 28]Jul.1938, 1 3, 23.Jul.1937, N.
Westerland (LACM); Claremont, 1 ¢ (EMUS);
Glendale, 1 8, 21.Jun.1951, W.M. Schlinger, 1 3,
11.Jul.1952,1 &, 25.Aug.1954,1 3, 29.Aug.1951, 1
3, Aug.1953, 1 3, 11.5ep.1949, 1 3, 10.0ct.1951,
E.L Schlinger (UCDC); 1 3, 1952, W.M. Schlin-
ger (EMUS); Laurel Cyn, 1 &, 28.Jul.1968, B.
Duff (LACM); Malibuy, 1 ¢, 3.Jul.1950, D.R. Estes
(EMUS); San dimas, 1 &, 1953 (LACM); San Gab
Cyn, 1 g, 10.Jul.1965 (LACM); Tanbark Flat, San
Gabriel Mts, 10 &, 7.Jul.1963, R.R. Snelling
(LACM); Tanbark Flat, 15 &, 38 9, 21-
25.Jun.1956, 1 &, 25.Jun.1956, A. Menke Jr., 1
3, 1.Jul.1950, J.D. Paschke, 1 &, 3.Jul.1950, H.L,
Hansen, 2 3, 17.Jul.1956, R.G. Bechtel, 1 g3,

17.Jul.1959, P.D. Hurd, 2 3, 19.Aug.1950, E.B.
Goodwin, 3 3, 20.Aug.1950, E.B. Goodwin, 4 &,
2-3.Sep.1950, E.B. Goodwin, 2 &, 14.Sep.1950,
E.B. Goodwin (UCDC); Kern Co.: Bakersfield, 1
3, 11.Jun.1968, E.A. Kane, 1 3, 11.Jul.1951, 1 &,
14.Jul.1951, 2 3, 18.Jul.1951, 1 &, 27.Jul.1951, ILW.
Isaak (LACM); Maricopa, 22 mi S, Valle Vista
Cpgrd., 5 3, 16.5ep.2004, E.E. and K.A. Williams
(KAWC); Wasco, 26 3, 26.Jun.1951, 1 g,
27.Jun.1951, 1 3, 9.Jul.1951, L.W. Isaak (UCDC);
Woody, 1 &, 15.Jul.1951, L.W. Isaak (UCDC);
Marin Co.: Mill Valley, Lee Street, 2 3 5-
6.Aug.1966, 1 3, 30.Sep.1966, T.W. Davies
(PMNH); Merced Co.: Livingston, 1 g,
30.Sep.1961, R. Howkswarth (LACM); Monterey
Co.: San Ardo, 2 &, 24.Jul.1969, R.E. Doty
(LACM); Plumas Co.: Greenville, 1 3,
11.Jul.1959, L.A. Stange (UCDC); Riverside Co.:
Garner Valley, Kenworthy forest service station
on Morris ranch rd., 2 3, 4Jun.2002, M.E. Irwin
and E.D. Parker (EMUS); Menifee Valley, hills
on W end, 1 &, 23.Jul.1981, ].D. Pinto (UCRC);
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S. angulifera

Figs 6-8. Mandibles: 6. Sphaeropthalma unicolor; 7. S. mendica; and 8. S. angulifera.

San Timeteo Cyn, 4 &, 24-25.5ep.1969, M.
Feigen and R. Hardy (LACM); The Gavilan, 1
3,17 May.1951, E.L. Schlinger, R.G. Bechtel and
E.J. Tayler (UCDC); UC Riverside, 1 &, 8-
15.0c¢t.1979, J. Lasalle (UCRC); Winchester, 1
3, 5.5ep.1967, W. Icenogle (LACM); San Bernar-
dino Co.: Camp O-ongo, nr running spr, San
Bernardino Mtns, 2 3, 8-12.Aug.1966, C.L.
Hogue (LACM); Meyer Can Rd, 5 mi NW
Beuore, 5 @, 24-27.S5ep.1975, M. Wasbauer
(CSCA); San Diego Co.: dodge Valley, 1 &,
26.Mar.1958, E.I. Schlinger (UCDC); El Cajon, 4
mi S, 1 ¢, 27.Apr.1964, R. Ballard (EMUS);
Rancho Santa Fé, 3 3, 4.0c¢t.1958, ]J. Northern
(LACM); Scissors xing, 5.5 mi NW, 1 g,
8.Jul.1969, A.R. Hardy (LACM); San Luis Obispo
Co.: Shandon, 1 &, 17.Sep.1968 (LACM); Sacra-
mento Co.: Rio Linda, 3 3, 11.Jul.1959, ]J. Fowler
(UCDC); Santa Barbara Co.: Painted Cave, 1 3,
7.Aug.1964, C.L. Remington (PMNH); Santa
Cruz Island: UC reserve station, Cafiada del
Medio, 2 3, 30-31.Jul.1970, 1 &, 14.Aug.1968, 2
3, 19-29.Aug.1974, 1 3, 25-26.Aug.1971, 1 &,
10.0ct.1972, C.L. Remington (PMNH); Beecher’s

Bay, 1 &, 3-5.0ct.1972, L. Laughrin (PMNH);
Toro Canyon Park, 1 &, 5-11.0ct.1999, R.L.
Doutt (EMUS); Shasta Co.: Anderson, 2 &, Jul-
Aug.1955, J. Willis (UCDC); Hat Creek; 1 g,
15.Jul.1955, Hogue (LACM), 1 &, 10.Jul.1955, 2
3, 16.Jul.1955, R.D. Browning, 1 &, 14.Jul.1955,
E.I. Schlinger (UCDC); Siskiyou Co.: Weed, 5 mi
SW, 3 3,4 9, 9.Jun.2004, K.A. Williams (KAWC);
Sonoma Co.: Mirabel Park, 1 3, 9-18.Aug.1962, C.
Slobodchikoff (CISC); Stanislaus Co.: Del Puerto
Cyn, 1 &, 13.5ep.2003, E.E. and K.A. Williams
(KAWC); Stanislaus University, 2 3, 21.0ct.1905
(EMUS, LACM); Tehama Co.: Los Molinos, 1 J,
20.Jul.1956, 1 3 24.Jul.1956, E. Yeomanr (UCDC);
Tuolumne Co.: Strawberry, 1 &, 30.Jun.1951, C.A.
Downing (UCDC); Ventura Co.: Anacapa Island,
2 3, 18.Aug.1940, C. Henne, 1 3, 23.Aug.1949,
G.P. Kanakoff (LACM); Yolo Co.: Dunningan; 3.5
mi NW, 3 3, 17.Jun.1959, ]J. Fowler (UCDC); 4 mi
SW, 1 &, 14Jul.1959, 3 3, 28]Jul.1959, 1 g,
31.Jul.1959, 1 &, 4.Aug.1959, 1 3, 11.Aug.1959,
J. Fowler (UCDC); 7 mi NW, 1 3, 15.May.1959, 3
3, 1Jul.1959, 15 &, 12.Jul.1959, 5 3, 14.Jul.1959, 1
3, 15.Jul.1959, 5 &, 16.Jul.1959, 2 3, 21.Jul.1959, 2





















