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Abs(tact
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The genus Sathon is a member of the tribe Microgastrini in the subfamily -

Microgastrinac of the Braconidae. Ten species are recognized in this study, occurring in the

Holarctic and Neotropical regions. Five species have been described: S. cinctiformis Viereck .
1911, S. eugeni Papp 1972, S. falcatus Nees 1834, S. lateralis Haliday 1834 and S. neomexicanus
Muesebeck 1921 (1‘520). Five species are described as new: S. aggeris (type locality

Quito-Baeza Rd., Ecuador), S. circum flexus (type locality Doolittle Ranch, Colorado), S.

laevidorsum (1ype ibcality aortcz Pass, México), S. masoni (type locality Anchorage, Alaska)

and S. papilionae (type locality Clayoquot, British Colurfibia). Two species groups are-
recognized and diagnoscd, the S. lateralis-group containing S. lateralis. S. papilionae and S.
eugeni, and the S falcams-éroup containing S. laevidorsum, S. aggeris. S. masoni, S.

cinctiformis, S. circumflexus, S. neomexicanus and S. falcatus.

Sathon is described _f rom characters of adult, larval and coccoon structure, distribution

/ and phylogenetic relalionshiﬁs. Sathon species are dif fere_miated from other members of the

Microgastrini by the possession of a reduced lateral metanotal lobe, in most specimens without

A / : )
setae, with the phragma of the scutellum exposed. New World species of Sathon are described
& ~ .

and Palaearctic species arc diagnosed from the same types of features. Phylogenetic
reconstruction shows that the S. lateralis- and S. félcalus-groups‘are monophylmic )ineages
recognized by differences in degree of apotypy and evolutionary trends. The patiern of °
relationships of Sathon species found shows that wilhin the S. lateralis-group.’S. papilionae
and §. eugeni are sister species, with S. lateralis the sister to this sister species pair. In the S.

falcatus-group, three species pairs are found, S. faevidorsum + S. aggeris, S. masoni + S.
o ’ v
cinctiformis and S. neomexicanus + S. falcatus. S. circum flexus is the sister 10 S. neomexicanus

+ . falcatus. S. masoni + S. cinctiformis is closer to the 3. neomexicanus clade than §.

z RS

¢ .
laevidorsum + S. aggeris. Phenetic analysis yields a similar set of affinities, with differences

only in the placement of S. circum flexus and S. falcatus as nearest neighbors, and of S.



- P »
laevidorsum + S. aggeris with S. lateralis-group specics.

A short discussion of zoogeography of Sathon specics hypothesizes one vicariance event

and three long-distance dispersals combining with several unknown events to result in modern
.

species distributions. . ..'» g

There are 142 figures and 4 data tables included.

v
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1. INTRODUCTION

\)

Y

Sathon Mason is a genus of sméll (3-6 mm) Braconid wasps of the subfamily
Miérogaslrinac. The genus has not had a long history, being cré‘clcd#b,\‘ Mason in 1951 and
examined in detail for the first time here. Some @I the specics,have been known for many vears
and have gone through several combinations with various genera as the classification of the
MAicrogasuinac has changed, but ha,vc'not previously been considered closely related to one
another. In the most widély used classil ication, lyha‘l of Nixon (1965), two species currently in
Sathon were placed in the Apdnteles vitripennis-group (Nixon 1973), threc in the A,
falcatus-group and onc was not treated. It wavs not umil_ Mason’y (1981) reclassification that
enlx;hasis was placed on host preference and type of female genitalia and a relationship between

, _ .
the species of Sathon sensu Mason was proposed. The two specics in tr}c A. vitripenmus - group,
S. lateralis Haliday and'vS. eugeni Papp (= A. fausta Nixon 1973), were unusual in this specics
group in that females ;;oésess long ovipositors and sheaths, unlike the short structures of other
species. Mason (1981) recognized the short ovipositor and sheath ( = third valvula), along with
a suite of other characters, as apotipic. S. lateralis and S. eugeni, lacking these apdtypics, were

-

removed from the A. vitrjpennis-group and placed.in adif ferept tribe, the Microgastrini, where
, N R U ) . '\ .

they werc united with species of the A. falcatus-gre@p aon the J{dsis.ol*appg{;nl synapotypics in

) ST oL e T e,

the structure of the metanotum and propodeum. AP R

v
.
.

As currently constituted, the genus Sathon comains‘ sp_cc-ic.s .whosc features arc unusual
in the Microgastrini and convergent with states found ir.1 more apotypic tribes, such as the
Cotesiini. The primary synapotypy of Sathon species is a reduced m'etanotum without setac on
the lateral lobe. A secondary synapotypy is reduction of the median ‘ca‘rina of the propodcum.
Sathon is also unusual within the Microgastrini in host chc;icc. Some specics parasitize
macrolepidopterans (eg. Noctuidae), unlike other members of the tribe. Allhough_;oming s
known about the life histor& of Sathon species and few have been reared, records indicate that
they may be solitary parasitoids of mitrolepidopterans (Paddock 1933), or gregarious

Q¢

1



~parasitoids of macrolepidopterdns (R. Oetting, pers. comm.). ');All records indicate emergence of

3
parasitoid larvac from a lale instar of the host larva, which impl\ies oviposition in 4n early
instar. Oviposition in the host egg is doubtful, at lcast for gregarious species. Parasitism of
macrolcpidopterans, ncarly universal in apotypic tribes such as lhc,Cotcsiini, unknown in the

Microgastrini outsidc of Sathon. "

o

The p“r\:.scncc of unusual apotypic features in Sathon species makc§ the g;nus a
candidatc for understanding the evolution of the entire sublamily, since major trends in
P ,
cvoliuion of the subfamily seem to have been in areas of host choice and oviposition structures
an%bchavior (Mason 1981). Sathon species display host choice and structural characteristics of
boih of the two basic types of microgastrines, mic}olepidoptcran-parasilizing and
macrolepidopteran- parasitizing. Although no major anal‘ysis of host choice evolution in Sarhon

is presented because data are insufficient, it is hoped that this review of Sathon will provide a

framework on which such a study can be based.

A possible secondary consideration in the study of this genus is use in biological
control. The economic potential of Sathon species is unknown, but some species have been
rcared from important pest lepidopterans such as the European Pine Shoot moth, Rhyacionia
buoliana Schiffermauller, the Wax Moth, Galleria mellonella (1..) and Protagrostis obscura
Barnes and McDunnouéh. a noctuid pest of the bluegrass seed industry. The gregarious larval

habit of some Sarhon specics offers potential of rearihg the large numbers of parasitoid adults

“necessary for biological control.

N

The purpose of this project is to examine the evolution and diversity of the genus
Sathon. American species are examined in detail, but Palaearctic species are also reviewed. |
characterize the species, especially with reference to chiaracters useful in determining
rela@nships. I use these characters to explore the evolutionary relationships among species and

to reconstruct a phylogeny.:From this phylogeny I propose a species-group classification and



makg brief inferences about cvolutionary trends in Sathon. Although this study suffers from a
paucity of material for sdme species. | also give a brief discussion of soogeographic
relationships. Keys as aids to identification arc also given. Evolutionary and soopeographical

trends are briefly discussed.



2. MATERIALS AND METHODS

—

2.1 Materials

This study is based on examination of 902 specimens. borrowed from persons or

museums listed below. Codqns for museums were taken from Heppncer and L.amas (1982),

although some were designated by me or sources that do not appear in that publication. The

codons listed here arc also used in species dcscn'ptior‘s to indicate deposition of specimens.

AEl

BMNH

BWC

CAS

CNC

CuU

DIMW

American kntomological Institute, 5950 Warren Road, Ann Arbor, Michigan,

USA 48105 (H.K. Townes). —

Departmert of Entomology, British Museum (Natural History ), Cromwell

Road, London, England SW7 SBD (T. Huddleston).

Bob Wharton Collection, Department of Entomology, Texas A&M University,

Coliege Station, Texas, USA 77843,

Californma Academy of Sciences, Golden Gate Park, San Francisco, California,

USA 94118 (W.J. Pulawski).

Canadian National Collection, Biosystematics Research Institute, K.W. Neatby

Building, Ottawa, Ontario, Canada K1A 0C6 (W.R.M. Mason).

Cornell University Insect Collection, Department of Entomology, Cornell

University, Ithaca, New York, USA 14853 (Q.D. Wheeler).

Daryl J M. Williams Collection, Department of Entomology, University of

Alberta, Edmonton, Alberta, Canada T6G 2E3.



FSCA ;. Florida State Collection of Arthropods. Division of Plant Industry . Florida
Department of Agriculture, Dolye Connor Building, Gainesville, Florida, USA

(J. Wilev) -

IWC oz James Whitfield Coliection, Department of Fntomology, 137 Giannimy Hall

L J
NRS Naturhistoriska Riksmuseet, Sckuionen for entomologi, S-104 05 Stockholm SO

Sweden (K.J. Hedgvist).

osuC Bepartment of Fntomology, Orcgon State University, Corvallis, Oregon. USA

197331 (J.D. Latun).

RNHL Rijksmuseum van Natuurlijke Historie, Raamstceg 2. Postbus 9517, 2300 RA
l.eiden, Nederland (C. van Achterberg).
'
SMEK Snow Museum of Entomology . Department o’ Fntomology, University of

Kansas, L.awrence, Kansas, USA 66045 (1), Wahl).

UCB University of Califorma, College of Agriculture, Division of Fntomology and

Parasitology. Berkeley, California, USA (L..E. Caltagirone).

UCD Department of Entomology, University of California. Davis, California, USA
95616 (R .O. Schuster). " -
UMSP Department of Entomology, Fisheries and Wildlife, University of Minnesola,

219 Hodson Hall, 1980 Folwell Avenue, St. Paul, Minnesota. USA 5S10x (P.J.

Clausen).
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USNM Systematic Entomology l.aboratory USDA, c/0 U.S. National Museum of

<
Natural History, NHB- 168 Washington, D.C., USA 20560 (P.M. Marsh).
2.2 Methods
2.2.1 Preparation of Specimens

2.2.1.1 Preparation of Adults /

Fdr observation and illustration of the oral plate and gcnitqlia of the adult, heads and
metasomas were cleared in sodium hydroxide. These body parts were easily dissected from
pinned or pointed specimens, as both are narrowly joined to the mesosoma. The mesosoma is
customarily glued to the pin or point. Both heads and metasomas yielded easily to pressure
from an insect pin. SomePLfimens separated entirely from the pin or point as they were
insufficiently glued to it/1n these inSlances the entire specimen was relaxed in distilled water
and the desired part removed. The tethainder of the specimen was transferred 1o 95% ethanol.
dried and’remountcd. Parts were cicarcd using standard techniques and were stored in glycerine

on well slides.

-t

2.2.1.2 Preparation of Larvae

Exuviae of last instar larvae were obtained by dissection of cocoons. A line of
perforations down the longitudinal axis of a cacqpn was made with an insect pin and the

resulting fissure was pulled open with a pair of forceps. This action fragmented the cocoon and



loosencd the meconium and exuviae in the bottom. The meconium and exuviac were removed v’
from the bottom of the cocoon with a minuten pin mounted on a handie and moistcncd (

causc the desired matcrial to adhere to it. The meconium and cvuviac were cleared in sodium
hydroxide and a permanent slide mount in Canada Balsam was made ol cach cxuviae after

cxamination and drawing, ' ’

2.2.2 Mecasurcments

~ In descriptions, morphomelric characters are discussed as ratios with most
mcasurcrr‘\cnls given as ranges, followed by sample means and standard de;ialions in brackets
(1able 4). However, some size comparisons are not amenable to proper measurement because of
imprecision, but are still useful in discriminating species. An example of this is ovipositor
length, expressed relativ\c to the length of the hind tibia. This character is very useful in
separating species, displaying slight intraspecific variation. [t is very difficult 10 measure
accurately however, since the base of the c;vipositor 1s hidden by the hypopygium. Also, T9 of
the métasoma, to which the ovipositor is attached, is tilted anteriorly in some specimens,
causing retraction of the visible portion. In females with relatively short ovipositors, the
difference in visible length between fully retracted and fully extended states can be half of the

actual length.

For characters where relative dimensions are important, bul measuring crror prevents a
quantitative treatment, a qualitative approximation is given. These characters are not included
in lable 4. If the character is important in phylogenetic reconstruction or is-useful in
identification, then a figure is also given. Refer to figures 1 to 7 for illustration of

measurement methods.

All measurements were made with a Wild M5 stereoscopic microscope equipped with a

numbered measuring bar eycpiece and a doubling lens over the objective. A camera lucida was



also installed for drawings and was not removed for measuring. All measurements were
transformed into ratios of the dimensions of a structure or the size of or‘c structure relative to
another. Ranges, means and standard deviations were then calculated from the ratios. In the
description of Sathon papilionae new species, ranges only are given. The mean and standard
deviation calculated from a sampie size of two were not considered useful. Each specimen was
measured for every morphometric character where possible, or another spctcimen was
substituted for any two comparcd measurements il not* Therefore. the um\:b e in any
species is the same for every measurement and is reported in table 4 with measu mcn{s.
Sample sizes were chpscn to include the maximum range geographically and mor;:hologically .

Mcasurcments are intended strictly for descriptive purposes. Statistical analyses were not

performed.

T
223 lll;pstrations

2.2.3.1 Drawings N
Line drawings were made with the aid of a microscope equipped with a camera lucida.

Rough sketches were made on drawing paper and later refined and inked onto drawing film.

Setac that obscured other fecatures were omitted.

Drawings of larval hcﬁ capsules were made from specimens in well slides with a Leitz
Wetzlar SM-LUX transmission microscope. Heads and mclfsomas of adults, for oral plate and
genitalia drawings, were transferred to glzccrine jelly (using the formula of Pantin 1969) and
arranged in the desired alignment before the jelly set. They were then drawn in thic same
manner as the larvae. Other drawings were made from pinned or pointed dry adult specimens.

Most specimens were drawn with a Wild M$ SLETEOCOPIC MICTroscope.



For Sathon aggeris new species, some line drawings were taken rom prints of Scanning
Electron Photomicrognphs"(we below ). Somc photomicrographs obtained for this species were
100 poor in quality to be reproduced. since the specimen was uncoated \scc below ). Prints weee

used as templates, and drawings were traced from them and transferred’to drawing Nilm
\
Thereforc, some illustrations that appear as photomicrographs in other species treatments are

rendered as linc drawings for §. aggeris The holotype of S. aggeris and the tvpe matenal of S
-
lawvidorsum were not dissected. Thereforc. drawings of the female genitalia were taken from
\

point-mounted specimens.

| -
\ ¢
.....,.‘.g l hOlOIIIICIOg‘aphS

Photomicrographs werc taken With a Cambridge 250 Swereoscan Scanning Flectron

Mieroscope . Specimens were removed from their pins or points and their wings were removed

and placed on a separate card. Specimens were then cleaned with detergent and ultrasonication
and critical point dried. They were then mounted pdividually on aluminum stubs with the legs
separate. Specimens of species except those of Sathon aggeris were coated with gold and

examuned with the S. E. M. The S. agger:s female I\mlﬁot 0 coated becau.sc 1t 1s the holotvpe

and only known female. A

NN
2.2.4 Terms

Terms for features of (he larval head capsule are taken from Capek (1970). Terms for !

features of adult structures are taken from Townes (1969). except for terms for male external

genitalia which were taken from Snodgrass (1941), female genitalia which were taken from

Ross (1945) and wing venation which were taken from Mason (1981)'.

.................. y

‘Mason (1981) uses the terms for wing venation proposed by Fady (1974). but has
numbered the abscissae of each vein.
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Some terms and abbreviations not found in the above references are defined below.

Codons for the terms are given before the definitions (sce also fig. 1).

POL. - Posterior ocellar line is the shortest distance between the lateral ( = posterior) occlii.

i.01. - Lateral ocellar line is the shortest distance between a lateral ocellus and the anterior

.

ocellus.

OOt - Ocular Qeellar line is the shortest distance between a lateral ocellus and a compound eve

margin.

s

AOD - Antcrior ocellar diameter is the greatestdiameter of the anterior ocellus.
1.0 - Lateral ocellar diameter is the greatest diameter of a lateral ocellus.

Island - a small oval arca of subtle sculpture on terga 3 to 7 of the metasoma, dprsad of the
_spiracle. The sculpture is subdued in most specimens to the point that the spot is only
visible by the difference in reflectivity of glare from the surrounding tergum. This term

was coined by Mason;'il978). but has not been widely used.
O ¢

Oral plate - a sclerite®n the anterior surface of the pharvnx. It is anteriorly concavc,sand has
one pair cach of dorsal and ventral arms. The ventral arms connecl to either side of the
cpipharynx. A pair of lateral rows of oval 'windows' of thin cuticle paraliel the sides of

the plate. This term was coined by Williams (1985).

2.2.5 Descriptive Format

One basic sentence structure is used in all descriptions. Each sentence treats a single

structure. If a structure includes more than one character useful for descrimination of species,

‘these characters are scparated by semicolons. In this way the name of the structure is repeated



\

. 11

*.
as scldom as possibic and there is djttle confusion about which structure a character is part of .
-~ . . . - . )
Exceptions occur when the description of a character is so long, or when there are so many
characters in a structure, that confusion resuits if the name ol the structure is not repeated.
- . . - . . W
Figure numbers are given in one of two places for cach sentence with an accompanving figure.,
I the sentence includes more than one character the figure number of the structure is given
immediately after the name of the structure. All character states are found on that figure. 1

Vd
the sentence includes only one character, the figure number is given at the end of the sentence.

The generic description serves two burposcs. It characterizes Sarhon relative (o other
genera in the <ublamily, and displays the range of variability of characters within the genus.
These ©...twe _re not discriminated in the description except in the diagnosis, which contains
only chi. = v discrimination of Sathon. The list of references on Sathon species in the
synonymy scction of the generic description is not intended as a complete listing. Most
references refer to Palaearctic species which are not cxamined in detail in this study, originally
ziescribcd in other, currently valid genera. Therclore, records of Palacarctic species are Himited

to significant taxonomic references. The reader is referred to Shenefelt (1972) for regional lists.

life history references, ctc. This format is also followed in diagnoses of Palacarctic specices.

Characters thal are invariant within Sa!ht;n are not repeated 1n species descriptions.,
Spgcles descriptions characterize species relative to othcr Sathon species only. American species
are fully described, but Palaearctic species have been treated four times since 1945 (Wilkinson
1945, Nixon 1965 and 1973, Papp 1983). and so arc or]]y diagnoscd. These diagnoses arc’
designed primarily for identification, and are not of the same format as full descriptions, with
one exception. Characters of the female genitalia have not been adequatcely treated by previous
authors. Given the importance of female genital characters in Sarhon pityvlogeny, these

characters are fully described in cach diagnosis. Some characters found in Palacarctic species

that do not afpear in diagnoses are noted in section 4.2 (Reconstructed Phvlogeny ). section

5.2 (Pheneyic Analysis) argd Appendix 1 (table of r£110s).
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Three formats are used for locality data in the descriptive section. New species have all’
localities listed as type matcrial, with distributions summarized from localities listed. Previously
described American specics have sections for type material examined and distribution, with lisls
of localities personally examined given in appendix 2. Distribution data are summarized f ﬁ
the inlormation in the appendix. Range maps are given for American species. For Palacarciic
species, Lype material was not available, although specimens determined b\ designators of
ncotypes and the author of the holotype were examined. Therefore, in cach description there
are scparate sections for neotype or holotvpe and distribution, with ranges summarized from
published records. Material personally éxamincd for the three Palacarctic specics is listed in
appendin 2 alohg with matcrial examined for previously described Nearctic species. Range maps
are not provided for Palacarctic species.

'

Labels on holotypes of new species are reported with slashes separating contents of

diﬁ"crc‘m lines or labels. Other labels have not been so treated. The contents .of these lqbels have

been regorted exactly as they read, without corrections of punctation, such as missing periods

alter abbreviations. Locality data have been altered in only two ways. For some series of

specimens from the same locality collected by one person on various days, or by several
on the same day or days. lh: data.are summarized and the locality is given only once. Tiis
method of summarization is only used where the information is clear. For popular localities
collected by numcrous individuals at numerous times (S. neomexicanus Muesebeck taken from
Sagchen, California for example. Appendix ‘%bpp. 180-181), the labels are not summarized. On
some labels, data given are insufﬁcien’; for c{gvenienl identification of localities. For such

labels, additional information which does ndl appear on the labels is included in square

brackets.

In descriptions and various diSCLlssioins, characters states are referred to as belonging to
certain species or species groups. It is here acknowledged that these states actually belong to

individuals of these taxa, but are ascribed 10 the entire taxon to avoid numerous repetitions of

o
8,
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the words 'specimens of ', 'adults of . ‘larvae of ', etc.

- .

2.2.6 Criteria for Species Discrimination

The application of biological (Mayr 1963) or cvolutionary (Simpson 1981, Wiley 197%)
spc:‘ic.s concepts 1o a systematic study of a colléction of prescrved material presents greal
practical difficulty. The major portion of such concepts include such dynamic phenomena as
reproductive isolation and cvolutionary change through time, ncither of which are represented
conclusively in preserved specimens. Therefors the emiphasis in this study has been placed on

two critcria, phenetic and distributional characters, that give evidence of species status of

populations.
»

Two populations that retain phenetic distinctiveness in spite of overlap of geographic
range are considered to be reproductively isolated from one another and are therefore assumed
1o be separate species. The degree of phenetic difference between such species is used as an

estimate of species status in phenetically distinct populations that are geographically isolated.

2.2.7 Criteria for Discrimination of Species Groups

Species groups are-distinguished by differences in evolutionary trends. The S.
»
falcatus-group displays marked trends in the evolution of genitalia in both sexes (sect. d),
whereas the S. lateralis-group does not. Species of the S. lateralis-group are relatively similar
to one another in habitus, displctying slight character evolution, whereas species of the S,

Jalcatus-group are relatively more divergent from one another. Both species groups are belicved

10 be monophyietic on the basis of several sharcd derived character states.

.



3. TAXONOMIC TREATMENT OF THE GENUS Sathon

fJ \

3.1 Classification

The genus Sathon was crected by Mason (19%1) for Nixon's (1965) falcatus-group of
Apanteles:-Forster, part of F‘c‘bns A. vitripennis-group and a North Amcrican species Nixon
~did not treat. When Mason (1981:78) crected Sathon, he expressed some doubt abo.{u the
placement of the species taken from the A. vitripennis-group [S. lateralis Haliday and S. eugeni
Papp (=S. fausta Nixon)], because of the absenceof some derived chéraclcrvstates shared by
oylhcr species of Sathon. S. lateralis and S. eugeni sharc the retracted and glabrous lobe of the
metanotum and the reduced median carina of the propodeum with other Sathon species, but

lack the truncate paramere of the male and the variably developed, specialized shape of the

postcrodorss egsgin of the female hypopygium.

Examination of several species of Choeras Ashmead, the genus most closely related to
S;lhqn, has revealed that the synapotypies between the species taken from the A.
vitripennis-group and other Sathon species are not very reliable. Some specimens of Choerqs
cxhibil a partially retracted (although setose) metanotal lobe and a partially reduced median
propodcal carina. Also, some specimens of Sathon exhibit a few setae on the metanotal lobe
and othérs display an almost complete propodeal carina. Howevef. Choeras is a large and
inadequately understood genus. Without substantial revisionary work and analysis of character
evolution and distribution in the genus, I cannot make a conclusion about the reliability of the
metanotal and propodeal characters that define Sarhon. l‘lhercfore retain S. lateralis and S.
eugeni in Sathon.

F)
Sathon is organized in two species groups, the S. /ateralis-group which contains the two

species above plus S. pgpelionae new species, and the S. falcatus-group which contains the rest

14
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of the species in the genus. The S. lateralis-group is considered less apotypic than the S
Jalcatus-group becausc of the characters dicussed above (see also 'Fvolutionary Trends'). with
one exccption. Abll species in the S. lateralis-group have the median carina reduced 10 a trace or
lost completely, whereas species of the S. Jalcatus-group have retained a trace or have the

median carina partially devcloped.

#"H
The name for the S. falcatus-group has been retained from Nixon (1965), despite p .
inclusion of the type specics of Sathon, S. neomexicanus Mucsebeck . N_ixon’s A. falcatus-group
contains the same previously described species as my S. falcatus-group. His A. falcatus -'gmup 18

characterized by the truncatc male paramcre, agreeing with my characicrization.

Dissection of femalc genitalia revealed that some specics, described and undescribed,
that had been placed by Mason in Sathon do not belong in the genus. Dissections of females of
Lathrapanteles ﬁapaipemae Muesebeck and three previously undescribed species revealed
- genitalia similar to those of the Cotesiini, whose species parasitize macrolepidopterans and arc
- more apotypic than species of thc Microgastrini (Williams 1985). L. papaipemae females have a
‘.robust T9 of the metasoma, anterior apodemc‘ of T9, and second Qalvifcr. Moreover,the third
valvula is attached pear the base of the second valvifer. Examination of the last instar larval
inlegﬁmem of L. papaipemae showed features common 1o cotesiine larvae. In all, L.
papaipemae and the three previously undésciibed species arc apotypic in 10 of 14 characters
used by Mason (1981, Table 2) to characterize the macrolepidopleran - parasitizing
Microgastrinae. whereas Sathon species are apotypic in only lhrcc (or in apotvpic Sathon
species, five. Sec Williams 1985). As part of this study, but in a separate paper (Williams
1985), a new genus was erected for L. papaipemae and the three undescribed specics were
described. Therefore, although they were originally treated as Sathon species when this study

was undertaken, they receive no further discussion.
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3.2 Description of Sqrhon

Sathon Mason 1981,

Microgaster; Haliday 1834: 242, 248 (in part). --Nees von Esenbeck 1834: 175 (in part).

s

--Curtis 1837: 116, 117 (in part).

”
o

Apanteles; Marshali 1872: 104, 105 (in part). --Mucsebeck 1920 (1921): 526, 529 (in part).
--Muesebeck 1922: 16 (in part). --Gauticr & Clecu 1927: 85 (in part). -- Wilkinson
1937: 463 (in part). - -Fahringer 193%: 9 (in'parl). --Hincks 1944: 20 (in part).
--Wilkinson 1945: 121, 133 (in part). --Strickland 1946: 37 (in part). ®-Muesebeck
and Walkley 1951: 125, 131 (in part). --Muesebeck 1958: 29 (in part). --Nixon 1965:
186 (in part). --Muesebeck 1967: 41, 43 (in part). --Shenefelt 1972: 551 (in part).
--Papp 1972: 336 (in part). - -Nixon 1973: 177, 186 (in part). --Papb 1983: 260 (in

part).

Sathon Mason 1981: 78 (description). Type species Apanteles neomexicanus Muesebeck 1920
(1921). Original designation. - -Williams 1985: 1962 (some species removed from

Sathon) .

Diagnosis.- Adults of Sathon are diffcrentiated from those of other genera of Microgastrinae
by the following combination of character states: metanotum with sublateral lobes slight
asetose convexities (some specimens of S. eugeni with few setae); propodeum with median
carina absent at base ot almost completely, but marked by at least a trace of rugosity; T1 of
metasoma somewhat narrow, length approximately three times apical width or more; T2

subtriangular; hypopygium evenly sclerotized and without striae midventrally; ovipositor and ’

—~
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third valvula at least 0.5 times as long as hind tibia; third valvula partly 10 completely polished
and shining, attached near apex of sccond valvifer: T9 heiglit 2.0 or more times width: second

vaivifer slender, narrow at apea.

Description.

/

. / ; ! . .
Femalg. Coldr. Head and mesosoma rufopiceous to black: metasoma black. with white of
\

fulvous spot on anteriormost laterolerga, to almost completely fulvous except for rufopiccons
terga at base and apex of metasoma; antenna brown or black . some species with scape fulvous;

’ , ‘ . . L
legs fulvous or rufoftilvous, some species with piccous covac or arcas on femora or tibiae and

o

tarsi; third valvula fulvous to piceous.

Head. Width 1.54 - 2.08 times length. Occiput narrowly and shallowly (fig. 1) or
bro.adly and somewhat deeply (fig. 134) iAndcméd medially, but not distinct from vertex and
genae. Clybeus 2.50 - 3.90 (fig. 2) times wide as high; dorsal m%rgin obscure or distinct and
ventral margin with or without reflexed rim. Face with median carina on dorsal 0.2 10 0.4.
Malar space sculptured or smooth posteriorly, furrow from ventral margin of cyc to anterior

- mandibular articulation present or absent, POL/OOL. = 0.62 - 1.78; POL/L.OL. = 1.75 - 3.25;
LOD/AOD = 0.89 - 1.43; LOL/AOD = 0.47 - 1.33 (fig. 1). Penultimate flag‘cllonwr‘c"(;fdlh"
0.50 - 1.00 times length (fig. S). Oral plate markedly narrowed ventrally or not, with or

without median lines or arer ~7 rigmentation, dorsal margin concave to conver (figs. 17, 32,

35,77, 90, 103, 117, 13

Mesosoma. Pr PO 38,45, 61, 68, 81, 94, 108, 122) with dorsal groove
straight or decurved anc -ne- '~ - . erately sculptured; ventral groove faintly sculptured to
markedly foveolate and rugosc «-...i0rly; ventral margin sinuate; ventral polished band width
at posteroventral angle three to more than five times width at collar smooth%r striate

posteriorly, band bottle shaped or not, with sinuation of ventral margin and ventral groove
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‘ matched or not;_pronotal disc with slight to distinct punctures on dorsal 0.33 or morc of
surfacc; discal pit slight to distinct. Proplcuron striate or punctate posterolaterally.
Mesoscutum with punctures obscure 1o moderately developed on posterior part; sctac
posteriorly directed on anterior half, but posteromedially directed on posterior half in some
specics, line of sctal convergence present or absent. Prescutellar furrow (figs. 9. 24, 39, 46. 62,
069, 82, 95, 109, 123) slr_aight or arcuate, with anterior margin obscure or distinct; foveolation
faint, especially medially, or distinct lhroﬁghoul. Scutellum (figs. 10, 25, 40'47‘ 63, 70. 83, 90.
110, 124) with lunule as wide as or narrower than costate arca, with dorsal margin cvenly
convex or irregular; costate arca with costac absent medially or present throughout, 1n some
specics irregular carinac extended between costac: dorsal margin of costate arca smooth or with
sculpture on median polished part of scutellum; posterior margin of scutellum with slight or
distinct median lobe. Metanotum (figs. 12, 27,42, 49, 55, 72, 85,98, 112, 126) with lateral
convexity or moderate sublateral lobe, lobe without setac (except in some specimens of S.
eugeni Papp); postcrior margin simple or with foveolate rim; medial pit slightly sculptured or
smooth, with sides straight, irregular or anteriorly divergent; lateral pits nearly smooth to
markedly sculptured, narrower or wider than part of metanotum anterior to pit, with or
without a well delimited anterior margin. Metapieuron (figs. 11, 26, 41, 48, 71, 84,97, 111,
125) with median groove obsolete or distinct and sculptured; sculpture on posterior portion of
metapleuron slight and limired (o extreme posterior end or marked and covering most of
surface; posteroventral carina angulate and widened or round and narrow near hind coxa.
Propodeum (figs. i2. 27, 42, 49, 55, 72, 85, 98, 112, 126) smooth and with distinct punctures
to arcolate rugose, with or without lateroapical tubercles; median carina extended over most of
propodeal Icngth but absent at extreme base, or absent except as trace of rugosity; spiracle
round to elongate oval, separated from pleural carina by 0.5 or more of its least diameter, in
some species connected 1o pleural carina by carina or raised area; medioapical boss round,

medially thickened, or triangular.



Tarsal claws longer or shorter than width of apical tarsomere. Penultimate fore
tarsomere length 1.00 - 1.83 umes width. Inner midtidial spur shightly to nearlv twice as long as
outer and 0.75 10 as long as middle basitarsus. Inner hindtibial spur subegqual 10 or shightly
longer than outer. less or slightly more than 0.5 as long as hi:a basitarsus. Head widih 088 -

1.53 hind coxa length: punctures on hind coxa absent, present in longitudial band or disunct on

lateral surface (figs. 14,29, 44 52 S8, 74, &7 100, 114, 12%).

Fore wing (fig. 6) with stigma approvimately 2.0 - 3.0 umes long as wide, Rs base
shorter orl longer than thickness of SC + R and inserted basally or subbasally on p.‘lrn\llgm;l.' A
present or absent; 21 length 0.57 - 1.83 IRs length; 1Rs + M curved. nearly straight, or sinuate:
IRs+M length 0.92 - 1.26 1M length; 1Cul length 0.74 - 1.39 m-cu fength. Hind wing with
Cu +cu-a evenly curved or sinuate; SC + R with bulb at extreme base that protrudes abose
upper plane of wing (figs. S4, 67), or only with shght convexity.

Metasoma. T1 (figs. 13, 28. 43, 50, 56. 73, 86, 99, 113. 127) narrow. at lcast 3.0 tumes
longer 1han\widc at apex; smooth over most of surface Lo markedly rugosc; apex narrower than i
base, with slraiéht, cuirved, or slightly sinuate sides; apex slightly to extremely convex medially
T2 (figs. as for T1) subtriangular. with latcral margins straight, curved, shghtly sinuate. o1
obscurcd.b_\ FUROSILY; Tugose. some specics with median smooth arca; apical margin straight,
curved, or sinuate. T3 smoolﬁ or sculptured at extreme base; sctac evenly distributed except for
small or moderately large mediobasal area; apey desclerotized and whitened or not. Td 1o 7
desclerotized and whitened or not: setae limited to single apical row medially . or cver
distributed. Island oval to elongate oval, in one species keyhole -shaped, progressively more
elongate toward metasoma apex. Hypopygium (figs. 18, 33, 36, 53, 64, 78. 91, 104, 11%. 132)
with setae abser;l midventrally along length or only at midiength; apex cntire or emarginate;
rr#edian ventral arca evenrly sclerotized and without striae; posterodorsal margin straight,
angulate, or sinuate, with or without subapical lobe. T9 (figs. 16, 31, 34, 76, 89, 102, 116, 130)

approximately 2.0 to 3.0 times high as wide; anterior apodeme slightly developed. Second

—
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valvifer (figs. as for T9) slender. narrowed apically; short and not extended into dorsab.0.5 of
T9, or lon; and extended nearly to dorsal margin of T9; apex rounded, irregular, iﬂrgmalc.
or with differentiated head or apodeme. Third valvula (figs 16, 31, 34, 53‘, 64, 76, 89, 102, 116,
130) 0.47 - 1.2% times length of hind tibia; partly 10 completely polished; attached to second
valvifer ncar valvifcr's apex; straight or decurved, ventral margin conve or concave and
cxlensively desclerotized or evenly sclerotized; setac on apical 0.66 or more, evenly dhiysui‘butcd
or ¢oncentrated on ventral half, in onc specics apical sctae bent-tipped; apex with narrow and
triangular or broad desclerotized arca. Ovipositor decurved. evenly (figs. 16, 31.. 34,53, 64, 89,
102) or markedly more ncar apex than near base (figs. 76, 116, 130); approxjmalcl; 1.01020

times as long as hind tibia, with or without subapical constriction; basal bulb slightly (figs. 16,

\
31, 35) 10 markedly (figs. 76, 89, 102, 116, 130) sct of f from shaft.

Male. Similar to female, except: in most species color tones of. most body parts darker than in
female: antennae elongate relative to female, penultimate flageliomere width at most 0.5 times
length; propodeur:n with sculpture less developed thaﬁ female in most species (figs. 15, 59, 75,
88. 101, 115, 129): T1 and T2 of metasoma (figs. as for propodeum except S. aggéris where it
is ftg. 60) s.lcnder rel;uivc to female, in some specics with less developed sculpture; paramere
rounded or truncate and narrowed or markedly widened at apex (figs. 21, 22. 65, 66. 79, 80, 92.
93. 106, 107, 120, 121, 135, 136), sides curved or nearly straight; aedeagus ovoid or triangular

in cross section and slightly or distinctly knobbed at apex: digitus short or elongate (figs. as for™
paramerc); basal ring medially sclerotized or desclerotized. with or without median carinae
(figs. as for paramere).

Cocoon. White, solitary or in oblong mass. ;2'

Larva (figs. 19, 37, 119, 133). Solitary or gregarious. Hypostoma with one to three mandibular

processes and small or marked spur; mandible blade straight or curved and with row of straight
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and regular or irregular tecth ph apwﬂ 0.50 10 0.66: silk press with thin or thick intcgument,
s
internal details not or extensively Visible in cleared specimens; labial sclerite wider than high or

higher than wide.

' Hosts.- Hosts are known only for S. lateralis. S. papilionae. S. eugeni. S. Jalcatuy and §S.

neomexicanus. These species have been reared from lepidopterous larvae of the I'n»n“ug
{

familics: Geometridac. Glyphipteryvgidas, Gracillariddac, Hepralidae, 1 ymantrndae, Noctimdac

Olcethreutidac. Papilionidac, Pterophornidae, Pyralidac. Sesiidac'and Yponomeutslae.
Dustribution. - The range of this genus extends throughout the Holarcti regron, and also mto
the Neotropical (as far south as Colombia) and Oriental (Java) regions

Chorological and Phylogenetic Affinuies. - Sathon species are sympatric with Choeras Ashmead
species. as the latter genus is cosmopolitan. The significance of this s unknown as the exact

relationship between the genera is uncertain.

Sathon is apparently closely related to Choeras. from which it differs only in the
structure of the metanotum and hypopygium. I have examined several undescribed species of
Choeras that arc very similar 10 S. lateralis-group species. One such species 1s included in the
outgroup used for character polarization (see 4.1). 1t is not currently known if the diverse
genus Choeras is dehmited by any synapoty pies relative 10 Sathon or anv of the more derived
genera in the tribe. Given the similafily of some apotypic Choeras species to Sathon, 1t 1s
possiblé' that Choeras is paraphyletic to Sathon. 1t is also possible that the S. falcatus- and
Yaleralis-groups are indcpendcglly denived from Choeras stock. This possibility 1s suggested by
the retention of submedial metanotal setae in some specimens of S. eugeni Papp, which reduces
the value of the primary diagnestic fcature of Sathon species relative 1o other members of the

tribe. Unfortunately, the majority of Choeras species ate unknown: and the genus 15 very large.

Description of many of the more apotypic species and careful examination of character
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evolution in this genus myst be made before any definite change in the taxonomic status of
Sathon can occur. '

[ 2
1Y
3.3 Keys (o species of Sathon
- -
) ‘ . ' W
3.3.1 Key to Females
\
1. T2 of mctasoma ®ith lateral margins delimited by an(eriorl_\' curved grooves
(figs. 13, 28, 43). Hypopygium with evenly curved posterodorsal margin (fig.
LB ) (S. lateralis-group)..2

2(1).

4(1).

T2 of metasoma with lateral margins obscured by rugosity (fig. 73) or delimited
by nearly straight grooves (fig. 127). Hypopygium with angulate (fig. 78) or

sinuate (fig. 132) posterodorsal margin (weakly sinuate in S. /aevidorsum new

‘gpccics) U (S. falcatus-group) .4

Hind coxa mostly fulvous and with punctures obscure (fig. 44)...................... .
........................................................................... S. eugeni-Papp, p. 32
Hind coxa mostly piceous and with punctures distinct (fig. 14) .. ................... 3
Propodeum nearly smooth apically (fig. 27). Hind leg darkened apically but
without distinct piceous areas. ....................... S. p&pilionae new species, p. 29
Propodcum sculptured apically (fig. 12). Hind leg with distinct piceous area on
apex of tibia and usually on apex of femur.. .............. S. lateralis Haliday, p. 26
Posterior margin of metanotum with rim conspicuous in dorsal aspect (figs. 49,
55). Inner midtibial spur nearly as long as middle basitarsus......................... S~
Posterior margin of metanotum with rim absent or incohspicuous in dorsal

aspect (fig. 72). Inner midtibial spur at most 0.75 of middle basitarsus length.. ..



5(4).

6(4).

6).

8(6).

9(8).

)

3

/

Propodeum and T1 of metasoma markedly rugose (figs. $5. $6). T1 medially
protuberant (fig. 57). Metasoma with white lateral band. . ....................... ...
e S SRITIRII S. aggeris new .spccic.\ . 38

Propodeum and T1 of metasoma ncarly smooth cxcept for a few punctures (fgs.

49, 50). T1 slightly convex (fig. 51). Mctasoma mostly piccous with anterolateral

~fulvous area. . ......... e e S. laevidorsum new species, p 18

Propodeum with raised lateroapical carinae and rugosity (fig. 72) Hypopygium
with posterodorsal margin angulate (fig. 78) .. ........................ . 7

Propodeum nearly smooth or with low wrinkles (fig. 126) Hypopygium with

" posterodotsal margin sinuate (fig. 132). ... K

Color predominantly piceous except for legs and anteriormost lateroterga of
m%tasoma. Third valvula piceous and with all sctae straight (fig. 76). Oviposttor

cvenly decurved and with marked subapical constriction (fig. 76)

4
................................. e ... SL masont new specics, p. 42

Color predominantly rufopiceous with extensively fulvous metasoma. Third
valvula fulv.ous and with apical setae bent-tipped (fig. 89). Ovipositor sharply |
decurved at apical 0.33 and without subapical consmcu'o‘n or with veryv shght one
(fig. 89). ............. PR S. anctiformus Vicredk , p. 47
Ovipositor (including part hidden by h)'pop)'gium) slightly longer than hind

libia.. evenly but markedly decurved over most of™ength (ﬁg. 102)
' R s
........................................................... S. circum/flexus new species, p. 51

Ovipositor (including part hidden by hypopygium) approximately twice as long

as hind tibia, more decurved apically than basally (fig. 130)........................ 9

- Occiput narrowly and shallowly indented medially (fig. 1). 3Rs of forc wing

slightly sinuate, decurved near wing apex. T! of metasoma with wide medioapical
smooth area (fig. 113). Hypopygium sclerotized and en{ apically (Nig. 118). ..

........................................................... S. neome Muesebeck, p. 55
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Occiput concave mediallv., head arc-shapéd (fig..134). 3Rs of fere wing straight,

[}

- " . ) wo . N
usually not decurved-nca] wing apex. T1 of metasoma with narrow or no k
A\ .

mcdioapicalﬂsmomh arca (f’ig. 127). Hypopygium slightlv desclerotized and

cmarginate apicallv (ig. 132) .. . ... S. falcatus Nces, p. 60

‘ 3.3';2 hey to Known Males
T1! ol nmctasoma evcniy nar(row‘cd apically, with sides straight, iength
approximatcly 4 times apical width and sculpture absent except in lateroapical
arcas (fig. 15). Iz‘wil/h 'l;a'le:ral margins delimited by anteriorly curved grooves.
Aedeagus ovoid in cross seéiion at midlength. Paramert rounded at apex {fig. 25:
S. lateralis-group).. ..... SO TR TR S. la‘teralis Haliday, p. 26
“T1 of metasoma parallel sided or more gradually narrowed basally than apically,
with sides sinuate or curved, length less than 4 times apical width (approximately
41in §. circumflexus n. sp.), and scuplture present over mostr of surface (figs. 60,
75, 88,101, 115, 129). T2 with lateral margins obscured by rugosity or delimited
by nearly st}aight grooves. Aedeagus triangular in cross section at midlength.
Paramerc truncate at apex (figs. 66i 136, S. falcatus-group). ...................... 2
: Pmpodclxm with raised carinae and rugosity lateroapically (fig. 75). T2 of
mctasoma with lateral margins obscured by rugosity (fig. 75).... ..........e..... 3
P.ropodeum smooth or with low rugosity lateroapically (fig. 101). T2 of
metdsoma with lateral margins delimited by grooves ('fig. 1015 ...................... 4
,, Head and mesosoma rufopiceous, metasoma predpminantly fulvous. Hind coxa
fulvous. Posterior part of metapleuron extensively ;;unaale and sculptured, with
‘carina extended from posterior rim (fig. 71). . ...... S. cinctiformis Viereck, p. 47
Body predominantly piceous. Hind coxa piceous basally. Posterior part of

metapleuron with few punctures, sculpture limited to area near posterior rirh,



5(4).

25

and without carih (fig. 84) .. ........................... S. masoni new specics, p. 42
Posterior margin of metanotum with foveolate nim (fig. 59). T2 of metasoma
with lateral margins delimited by concave grooves (fig. 60). 1 cps with™
longitudinal bands of piceous coloration.. ............. S.aggeris new species, p.o3K
Posterior margin of metanotum without rim (fig. 101). T2 n{' metasoma with
lateral margins delimited by approximately straight grooves (fig. 101). 1 ¢ps
fuivous, darkened gpically .. ... froese R 5
T1 of melasoma ‘cr. approximately as wide at apey as medioapical boss of
propodeum (fig. 101). T2 longer thar. wide, with posterior margin shighth

&

sinuate (Ng. 101). Paramere slightly longer than T1. . ............... .. .. N
e T S. circum flexus new speaies, p. Sl
T1of mc‘lasoma wider at apex than medioapical boss of propodeum (fig. 129,
T2 wider than long and with‘poslcrior margin markedly sinuate (fig. 129).
Paramere longer than T1+T2. . . f
Fore and middle coxae mostly piccous. Hind coxa entirely piccous, with distinct
punctures on most of lateral surface (fig. 128). Parameres in c?nlacl

midventrglly in a broad band at basc. apical truncation slightly oblique (figs.

1350 136) oo e S. falcatus Nees, p. 66

. .
Fore and middle coxae mostly or entirely fulvous. Hind coxa fulvous at least at

extreme apey, with.punclurcs obscure over most of lateral surface except for a
midlateral band (fig. 114). Parameres in contact midventrally in a narrow band
al base, apical truncation markedly oblique (figs. 120, 121)

................. WS, neomexicanus Muesebeck, p. 99
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3.4 The .F lateralis-group

Adults of the S. lateralis-group are differentiated from those of the S. falcarus -group
by the following combination ol character states: costate arca of scutellum with costae faint or

absent over wide medial arca (fig. 10); proppdceum with median carina short or absent (fig.

12); T2 of metasoma with lateral margins delimited by anteriorly curved grooves and posterior
g | g

margin ncarly straight (fig. 13); T3 with scl:j;c evenly distributed except for small mediobasal

arca; apical unsclerotized and unprigmented a{rca ol T6 and T7 more¢ pronounced at medially

than laterally, both terga appearing somewhat emarginate in specimens with fully expanded

¥

metasomas (fig. 20); female with posterodorsal margin of hypopvgium evenly curved and with

third valvula straight (figs 16, 18): male (where known) with paramere rounded apically and

acdeagus ovoid in cross section (fig. 22).

3.4.1 Sathon lateralis Haliday 1834

Microgaster lateralis Haliday 1834: 248; type lost, Neotype designated by Wilkinson 1945: 121.

-

Apanteles lateralis, Marshall 1872: 105. e

Sathon lateralis; Mason 1981: 80.

Neotype.- Malc, Bignell Collection, Plvmouth Museum. Reg. No. 2076. Designated by

Wilkinson (1945: 123).

Diagnosis .-

Female. Color. Head and mesosoma piceous; metasoma piceous, with anterolateral

fulvous area on anteriormost lateroterga; antenna piceous; fore and middle legs fulvous, hind

-

O
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leg fulvous with coxa, dorsodistal arca of femur, distal end of tibia and all tarsomeres

infuscate; third valvula dark rufopiceous.

Head. Oral plate evenly pigmented, with dorsal margin flat but mediadly desclerotized

(g 17). .
e
w4
. _ W

Mesosoma. Pronotum (fig. &) with dorsal groove smooth or shighthy sculptured; ventral
groove with slight foveolations. Mesoscutum with- punctures obscure on most ol surface.
Scutellum (fig. 10) with costae moderately distinct, or faint medially and absent anteriorly
anterior groove deep. crossed by very faint to distinet costac; dorsal groove shallow and very
narrow anteriorly; posterior margin of scutclium with marked median lobe. Mctanotum with

modcrate convexity or marked sublateral fobe on anterior margin (fig. 12). Propodeum

punctate basally, rugosc near medioapical boss and in some specimens lateroapicaliy (fig. 12).

Inner midtibial spur longer than outer and nearly as long as middle basitarsus. Hind

th punctures distinct ({ig. '14). ' : | *

Metasoma. Tlh(ﬁg. 13) smooth mediobasally, rugosopunctate clsewhere; apex narrower T
than basc, with sides straight or slightly sinuate near apex. T2 (fig. 13) with latcral margins
| slightly 10 moderately sinugte; rugose, but with sculpture faint or absent medially in some
specimens: apical margin slightly convex or slightly sinua;c. Hypopygium (fig. 1%) with sctac
absent midventrally; apex entire. T9 approaximately 2.0 times higher than wide (fig. 16) Second
valvifer projected iato upper 0.5 of T9, apex immarginate (fig. 16). Third valvula (fig. 16)
with sctac evenly distributed; apex with/broad desclerotized area. Ovipositor (fig. 16) evenly

. slightly decurved; approximately as long as hind tibia, without subapical constriction; basal bulb

not markedly set off from shaft.

Male. Similar to female, except: some specimens with antennac rufopiccous; medioapical boss

triangular in some specimens; T2 with Sculpture cffaced or lateral margins obscured by rugosity
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(fig. 15): paramere irregularly rounded and narrowed at apex, length much less than 0.33 of
metasoma (fig. 22); aedcagus triangular in cross section at midlength, oval clsewhere, apex
slightly knobbed (fig. 22); digitus short, apex scarcely longer than broad (fig. 22); basal ring

e
slightly sclerotized midapically, without median carinae (fig. 21). ——

Cocoon. Flongatc oval, round in cross section, without flattened or slightly translucent sides.

Larva. (fig. 19) Gregarious. Hypostoma with onc small mandibular process and slight
hyposiomal spur: mandible blagc curved at apex, with single row of straight, regular tecth on

apical 0.5; silk press apparently with thin intcgument, only external details visible: labial sclerite

approximatcly widc as high.
“

Hosts.- S. lateralis has been reared from larvae of the following species @ Lepidoptera:
Tephroclystia assimilata Dbld ., Liparis auriflua L., Porthesia chrysorrhoea L., Anthophila
Jabriciana L., Y ponomeuta padella L., Elachista taeniatella Staint, Galleria mellonella 1. .,
Priobwum car pini Hbst. and Gracillaria syringella F . (see Shenefelt 1972 for citations of rearing

14

records). N .
Phylogenetic Affinities.- S. lateralis is the sister species (0 S. eugeni + S. papilionae .

Dustributioni.- Western part of the Palaearctic Region. Published records are from Finland to

Hungary, and from England to the U.S.S.R.

Chorological Affinities.- The range of this species overlaps with both S. falcatus and S. eugeni.
Specimens of this species have been collected at localities where those of both other species have

been found. Apparently sympatric with S. eugeni, a member of the sister group of S. lateralis.

(&Y



3.4.2 Sathon papilionae new species

Holotype.- Femalc, Papilio zelicaon 7 Clayoquot 7/ B.C. 7 No. 61-1491-0A2 7 Date 20- Vi1 -6]

/ F.I.S. 1961 (CNC).

L
Derivation of Specific Epithet.- 1.alin, masculine, referring to the host (from which this species

was reared. . -

Diagnosis.- Adults of this species are difierentiaied Tom those of other Sathon species by the
_ folloﬁring combination of character states: propodcum smooth or with few wrinkles apically;
hind coxa piceous on basal 0.75 and with marked punctation: T1 of metasoma cvenly narrowed
apically apd with sculpture limited 10 lateroapical areas; T2 of metasoma with latcral margins
delimited by sinuate érooves: hypopygium with posterodorsal margin evenly and gradually

convex.,
Description. -

Female. Color. Head and m¢sosoma piccous; metasoma with T1 and T2 piceous, apex and
vedter rufopiceous and lateroterga fulvous; antennac brown; fore and middle legs fulvous, hind
leg fulvous with coxa piceous on basal 0.75 and hind tibia rufopiccous at apex; third valvula

piceous. -

Head. Océiput narrowly and shallowly indented medially. Clypeus with dorsal margin
distinct, ventral margin with reflexed rimm medially obscure. Face with median carina on dorsal
0.4. Malar space sculptured posteriorly except ncar eye; furrow from vcnvlral margin of eyc 1o
anterior mandibular articulation complete. Oral plate evenly pigmented, with dorsal margin

concave (fig. 32).
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Mesosoma. Pronotum\(fig. 23) with dorsal groove sl'raighl and deeply impressed, but
smooth; ventral groove slightly foveolate, more foveolate anteriorly than posteriorly, area of
junction with dorsal groove smooth; ventral margin slightly sinuate; width of ventral polished
band at postcroventral angle approximately four times width at collar, smooth posteriorly,
band not bottle shaped with sinuation of ventral margin and vgntral groove not matched:
pronotal disc with punctures on dorsal 0.5 - 0.75: discal pit obscure. Propleuron ‘punclalc
poStcrolal}crally. Mesoscutum with punctures obscure, relatively less so anteriorly than
posteriorly; setac posteromedially direcied near prescutellar furrow but posteriorly directed
clsewhere, without linc of setal convergence. Prescutellar furrow (fig. 24) straight medially,
antcrior margin delimited medially or not: cross carinae as high as scutellum or nearly so |
laterally, but carinae lower mediallv. Scutellum (fig. 25) with lu“nule narrower than costate area
and with dorsal margin more convex medially than laterally; costate area with costae faint
mediéily and anteriorly; anterior furrow wide, deep and smooth; dorsal groove shallow and
narrow, dorsal margin of costate area with some surface irregularity on polished median part of
scutellum; posterior margin of scutellum with distinct medjan lobe. Metanotum (fig. 27)
laterally convex; posteripr margin without rim; medial pit smooth, approximately parallel sided:
lateral pits partly rugose and with smooth areas, wider than part c;f melanotum. anterior to pit,
without distinct anlefior margin, part of metanotum anterior to pit smooth. Metapleuron (fig.
26) with median groove smooth, obsolete near midpit; slight sculpture on posteriorIOJ of
posterior portion of metapleuron, but distinct punctures anterior to this; posteroventral carina
rounded and slightly widened near hind coxa. Propodeum (fig. 27) with scadtered shallow
punctures basally, smooth or with slight rugose sculpture apically; spiracle -oval. separated from
pleural carina by less than jts own least diameter; medioapical boss round, slightly thickened

medially.

Tarsal claws shorter than width of apical tarsomere. Inner midtibial spur longer than
outer and ncarly.as long as middle basitarsus. Inner and outer hindtibial spurs subequal in

length and less than 0.5 as long as hind basitarsus. Hind coxa with punctures deep and distinct



on most of surface (fig. 29). nd

Fore wing with Rs base as long or longer than lhickncss of SC + R and inserted
subbasally on parastigma; 2A abiscnl; 24 3Rs slightly. curved or straight, not decurved apically;
IRs + M ncarly straight. Hind wing with Cu +cu-a evenly curved or more curved near junction
with M +Cu than near junction with 1A; SC +R at extreme base with convenity slightly

protruded above upper plane of wing.

Metasoma. T1 (fig. 28) slightls to moderately rugosopunctate lateroapically: apey
narrower than basc. with sides straight and apically convergent; apex moderately convey, T2
(fg. 28) with Igteral margins sinuate; rugose laterally, polished medially ; apical margin shighthy
sinuaie. T3 with limited sculpture near furrow delimiting anterior margin; sctac Sparse; apey
- not desclerotized or whitened. T4 10 T7 narrowly desclerotized, not whitened: setae scattered
acros$ each tergum, but sparse on T4. Islands clongate oval. Hypopygium (fig. 33) with sctac
absent midventrally at midiength; apex entire medioventrally. T9 approximately 1.8 times
higher than wide (fig. 31). Second valvifer (fig. 31) extended into dorsal half of T9. apex
rounded and anteriorly deflected. Third valvula length™0.60 - 0.68 hind tibia length; sctac on
apical 0.75, convcenlrated apically but evenly distributed dorsoventrally; apex with triangular
desclerotized area. Ovipositor (fig. 31) evenly and gradl;all)' decurved; approximately as long as

hind Iibig, with very slight subapical consl'\riclion; bzgal bulb not markedly sc-t off from shaft.
Male. Unknown,

Cocoon, Larva. Unknown.
Hosts.- Reated from Papilio zelicaon 1.ucas by the Forest Insect Survey .

Phylogenetic Affinities.- S. papilionae is the sister species of . eugeni.

1 . 18
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Distribution. - Known only from the localities listed for tvpe material.

1
Chorological Affinuies.- The range of this species apparently overlaps with those of S.
neomexicanus, S. circum flexus and S. masoni, but S. papilionde i« the only known Nearctic

member of the §. lateralis-group. 1t is apparently allopatric with its sister species, S. eugeni.

~

Paratypes.- Two females, Cold Bay 163" W. Alaska 21-VIII 1952, W .R. Mason (CNC).

3.4.3 Sathon eugeni Papp 1972,
Apanteles eugeni Papp 1972: 336.
Apanteles magnicoxis Jakimavitius 1972: 306-308. Synonymy by Papp 1983: 260.
Apanteles fausta Nixon 1973: 177. Synonymy by Papp 1983: 260. +

1

Sathon fausta; Mason 1981: 80. o

Holotype.- Female, Hungarian Natural History Museum, Reg. No.2001.

Diagnosis .- .

Female. Color. Head and mesosoma piceous; metasoma piceous except for large fulvous
area extended over most lateroterga and fulvous on apex of hypopygium, or entirely fulvous
except for terga which are rufopiceous to piceous; antenna light brown; fore and middle legs
fulvous, hind leg with coxa piceous basally or entirely fulvous and apex of tibia and all

tarsomeres darkened, rest of leg fulvous; third valvula rufopiceous to piceous. _

]
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H
Head. Clypeus with dorsal margin indistinct or completely effaced. Oral plate evenly

pigmented, with dorsal margin flat but medially desclerotized (Nhig. 35). -
“ (

. / |
- |
Mesosoma. Pronowm with dorsal groove smooth or very shightly sculptured; ventral
groove with slight foveolations (fig. 38). Mesoscutum with punctures obscure or absent over at
. . . . R .
least posterior 0.5. Scutellum« fig. 40) with costae faint medially And anteniorhy | or absent
except posteriorly and in dorsal groove; anterior groove decp. smooth, crossed by indistingt
costae or costae absent: dorsal groove very narrow and shallow anteriorly ; posterior margm of
H
scutellum with marked median lobe. Metanotum with sctac on sublateral lobe in some

specimens (fig. 42). Propodeum with shghtly to moderatehy developed punctures basally

rugose near medioapical boss (fig. 42).

Inner midtibial spur marked!y longer than outer and ncarly as long as nmuddle
basitarsus. Hind coxa with punctures faint on lateral surface (fig. 44)

L4
Metasoma. T1 (fig. 43) smooth basally and in some specimens mcedially, punctate or

3

rugosopunctate elsewhere; apex narrower than basc. with sides straight. T2 (fig. 43) with
N

lateral margins sinuate, but partially obscured by rugosity in some specimens; rugose, but with
sculpture faint medially in some specimens; apical margin sligth concave or ncarly straight. T3
to T7 with apex desclerotized and slightly whitened. Hypopygium (lig. 36) with setac absent
midventrally; apex immarginate. T9 approximz;rcly 2.25 times higher than wide (Mg, 34).
Second valvifer projected into upper 0.5 of T9, apex rounded and anteriorly deflected. Third
vafvula (fig. 34) with sctae evenly distributed; apex with broad descierotized area. Ovipositor

(fig. 34) slightly decurved; approximately as long as hind tibia, without subapical constriction;

basal bulb not markedly set off from shaft.

Male. Unknown.

Cocoon. Elongate oval, round in cross section, without flattened or slightly translucent sides;
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with a thick strap of silk joined 10 cocoon by a thinner web.

Larva. (fig. 37) Solitary . Hypostoma with one large mandibular process and marked
hypostomal spur; mandible bladc curved at spea, with single row of straight, regular teeth on
apical 0.5; silk press apparently with thin integument, only external details visible: labial sclerite

wider than high.
Hosts.- S, eugent has been reared from larvac of Anthophila fabriciana (L..) (Nixon 1973).
Phylogenetic Affinities .- S. eugent is the sister species of S. papilionae new species.

Dustribution.- Western part of the Palacarctic Region. Published records are from Sweden 10

Austria, and from England to the western US.S.R.

Chorological Affinities.- The range of this species overlaps with both other Palaearctic Sathon
species. S. eugeni has been collected at sites where both S. falcatus and S. lateralis have been

found. but is apparently allopatric with its Nearctic sister species, S. papilionae.
e

35 ]“l{é"S’ (afc(_atu& group

vVt
Adults of the S. falcatus-group are QifTerentiated from those of the S. lateralis-group

by the following combination of character states: costate area of scutellum with costae
complete medially, although variably developed (figs. 47, 63, 70, 83, 96, 110. 124); propodeum
in most specimens with at least trace of median carina at apex (;r with median carina distinct
(figs. 49. 55, 72, 85, 98, 112, 126); T2 of metasoma with lateral margins obscured by rugosity
or delimited by straight or slightly curved grooves, posterior margin nearly straight to markedly

sinuate (Tigs. 50. 56. 73, 86. 99, 113, 127). T3 with setae absent in moderately sized mediobasal
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area; T6 and T7 uniformly sclerotized and pigmented across widith. not emarginate; females
with posterodorsal margin of hypopygium angulate (fig. 78) and/or sinuate {hig. 132) and
third valvula decurved in most species (figs. 53, 64, 76, 89, 102, 116, 130); male (where
known) with paramere truncatc at apey and acdcagus tnangular in cross section over part or all

of length (figs. 66, 80, 93, 107, 122, 13¢).

3.5.1 Sathon laevidorsum new species

Holotype.- Female, N. Cortes Pass, Mex., 10.000" §-11-54, R R. Drewbach (CNC)

Derivation of Speci fic Epuhet.- Latin, masculine. from 'lacvis' meaning smooth and polished
and ‘dorsum’. It refers to the smoothness and general lack of sculpture, with the mesoscutal
punctures obscure, the propodeum and T1 of the metasoma with littic sculpture other than

punctures and T2 of the metasoma medially smooth.

Duagnosis.- Adults of this species arc differentiated from those of other Sarhon species by the
L4

following combination of characters: propodeum and metasommal T1 polished, with sculpture

other than punctures only at apex; metanotum with posterior margin rimulosc laterally; base of

SC+R of hind wing with inflated bulb that protrudes above upper plane of hind wing.

Description. -

Female. Color. Head and mesosoma black; metasoma black with anterolateral fulvous
spot; antennal scape piceous, slightly darker than flagellum; fore and middle legs fulvous with
external surfaces of tibiae infuscate, hind leg with external surface and apex of tibiae and entire

tarsi infuscate; third valvula piceous.

Q
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Head. Occiput narrowly and shallowly indented medially . Clypeus with dorsal margin
obscure and ventral margin without reflexed rim. Face with median carina on upper 0.2. Malar

space smooth ncar cye, but sculptured ncar mandibular articulation; furrow from ventral

margin of cyc to antenor mandibular articulation obscure.

Mesosoma. Pronotum (fig. 45)» with dorsallgroove indistinct, slightly arcuate and
without foveolation; w‘;mral groove with foveolation indistinct and without rugosity antenorly;
ventral margin mddcraxcl_\ sinuate; width of ventral polished band at posteroventral angle
'grcalcr ihan five times width at collar, smoglh posteriorly, band not bottle shaped, with
smu;xon of ventral margin and ventrai groove not matched. pronotal disc with few slight
pnncturcs' over most of surface; discal pit moderately deep and distinct. Propleuron punctate
posterolateraily. Mesoscutum with punctyres obscure posteforly, slightly less so anteriorly;
sctac posteriorly directed antenorly and laterally, posteromedially directed medially and
postcriorly, with linc of setal convergence. Prescutellar furrow (fig. 46) straight medially,
shallow, with anterior margin distinct; cross carinae as high as scutellum laterally, faint
medially. Scutellum (fig. 47) with lunule as wide as costate area and with dorsal margin evenly
coﬁvcx; costate area without costae medially; anterior groove crossed by several costae; dorsal
groove narrow; dorsal margin of costate area smooth; posterior margin of scutellum with
indistinct median lobe. Metanotum (fig. 49) laterally convex; posterior margin with
differentiated, granulate riralerally but not medially; medi@ll pit sculptured, with irregular
sides; lateral pits moderately sculptured and with some smooth areas, approximately‘ as wide as
part of metanotum anterior to pit, without distinct anterior margin, part of metanotum
antenor to pit smooth. Metapleuron (ﬁé.\48) with median groove smooth and obscure near
midpit; posterior portion of metap‘leuron with slight sculptuee on posterior 0.33; posteroventral
carina rounded and slightly widened near hind coxa. Propodeum (fig. 49) punctate basally,

with slight, irregular rugosity apically; without ratsed carinae; spiracles oval, nearly in contact

with pleural_ carina; medioapical boss round.
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-

Tarsal claw slender, longer than wigh of apical tarsomere. Inncr midtibial ipvlnea‘rly' ’

- '
twice as long as outer and nearly as long as middle basitarsus. Inner and-outcr h‘ﬁh‘»i},l .!(&rﬂ’. :
- ngdy e L -
; o

. [ .

subequal in length and less than 0.5 as long as hind basitassds. Hind cona wnhyh:}qh’rc‘\ L
\ : Il

moderately distinct (fig. 52). ‘ L. .r-’

»

«

Fore wing with Rs basc as long as thickness of SC + R and inserted basallv on
‘ \

parastigma; 2A slight buige on margin of 1A + 2A: 2+ 3R« very shightly sinuate. nol dectirved
apically; 1Rs + M nearly straight. Hind wing with Cu # cu-a sinuatc, markedlhy more curved neat
junction with M + Cu than at midlength and recurvcd‘\car junction with 1A; SC » R a1 fu’rcnp

base with bulb p{otruded above upper plane of wing“(fig. $4).

’ -

Metasoma. T1 (fig. 50) smooth except for few punctures and shght laterf) rugoinb

-

near apex; apex narrower than base, with sides sinualc: ‘a‘Amodcralcly convcxhﬁg. 50)

with lateral margins straight; rugose laterally and smooth rn’iall)'; apical margin sinuate. T3

smooth; apex with slightly wider desclerotized band than following terga. T4 1o T'{ shghtly
desclerotized, not whijened apically; sctae evenly scattiered across terga. Istands clongate oval to
slit-shaped. Hypopygium (fig. 53) with setae evenly distributed; apex entire medioventrally;
posterodorsal margin with slight sinuation. Third valvula (fig. 53) straight, with ventral margin
sclerotized and convex; setac on apical 0.66 but sparsc, slightly more concentrated on ventral
half; apex with desclerotized area triangular, longer than wide and with sclerotized band parallel
to, but separate from, ventrat margirf. Ovipositor (fig. 53) shightly and cvenly decurved: shghtly
longer than hind tibia and with very slight subapicﬁ constricti’on; basal bulb not markedly set

© off Trom shaft.
Male, Larva, Cocoon. Unknown.

Hosts.- Unknown.

y ~

.
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Phylogenetic Affinities.- S. laevidorsum i< the sister specics of S. aggeris .

Dustribution. - Known only from the tvpe locality. ‘.

’ -

Chorological Affinuties.- The range of this species does not overlap with any other Sathon
species, and it is apparently allopatric with its sister species. S. aggeris. S. laevidorsum is the

‘

only known Sathon species {rom (a\ual America. -

L4

Paratype.- F:maic. same data as holot-ne. Gold coated for S.E.M .

3.5.2 Sathon aggeris ncw species

Holotype.- Female, Ecuador 3900m /7 Quito-Baeza Rd. / Elfin For. / Mar. '79 W. Mason
»

(CNC). - ' ~

>

¥ ) » - ’ :
Dervation of Specific Epithet.- l.atin, masculine, m'?;aning heap or mound and referring 1o the
unusually protuberant convexity of the first tergum of the metasoma in the female. »
‘Diagnons,- Adults of this species are differentiated from those of other Sathon species by the
following combination 9f character states: first tergum of the metasoma very cﬂgs'ﬂ\'cx, especially
in the female where it is developed into a tubercle; posterior margin of metanotum with a
differentiated. foveolate rim; hind wing with'8C + R with an enlarged tubercle protruding

markedly abogg, upper plane of wing. P .#J ;

Description. -



Female. Color. Head and mesosoma black with metallic blue highlights; metasoma
hlack, with apical terga and hypopveium piccous, and lateral white stripe on lateroterga and
dorsal margins of sternites which blends with black of terga and sternites and is narrowed
posteriorly; antennae piccous; fore and middlce legs fulvous and with apey of femora, external
surfaces of tibiac and entire tarsi piceous, hind leg as other legs but also with trochanters and

7

coxace black; third valvula piccous.

Head. Occiput narrpwly and shallowly indented medially. Clypeus with dorsal margin
obscure and ventral margin without reflexed rim. Face with median carina on upper 00 Malat
space with few scattered punctures, otherwise smooth; furrow from ventral margin of ¢ve (o

anterior mandibular articulation absent except near eye.

Mesosoma. Prbnotum (fig. 61) with dorsal groove straight and without foveolation;
ventral groove with foveolation indistinct and without rugosity arllcriorl_\'; ventral margin
moderately sinuate; width of ventral polished band at posuﬂVCmraI angle more than five times
width at collar, striate posteriorly, band not bottle shaped, sinuation of ventral margin and
ventral grooved not matched; pronotal disc with few slight punctures on dorsal 0.33 of' surface;
discalupil moderately deep and distinct. Propleuron striate psterolaterally. Mesoscutum with
punctures obscure posteriorly, slightly less so anteriorly; sctac™osteriorly directed on anterior
half, posteromedially directed on posterior half, but without line of sctal convergence.
Prescutellar furrow (fig. 62) straight, with anterior margin nyffggd with mesoscutum and
obscure; cross carinae lower than scutellum and indistinet in some specimens. Scutelum (fig.
63) with lunule as wide as costate :;rea and with dorsal margin evenly convex; costate arca'

' P

without costae medially; anterior furrow crossed by numerous distinct costac: dorsal groo(vc
: o

extremely shallow; dorsal margin of costate area smooth: postericr margin of scutelluim with

slight median lobe. Metanotum (fig. 55) lagrally convex; pdsterior margin with differentiated,
¥,

foveolate rim; medi‘al’pit, sculptured, slrai—gﬁ(sided; lateral pit-swsug and entircly sCulplurcd,
w

R

. AN
wider than part of metanotum anterior to pit, with distinct anterior margin, part of metanotum

] | ... .
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anterior 1o pit smooth. Metapleuron with median groove smooth and obsoletc near midpit:
slight sculpture on posterior 0.5 of posterior portion of metapleuron; poslero'vcmral carina
angulate and nétably widened ncar hind coxa. Propodeum (fig. 55) arcolate-rugose with
lateroapical rugose lubc/rLcs; raised carinae absent; épiraclc oval, nearly in contact with pleural

carina; medioapical boss round.

Tarsal claws slender, Jonger than width of apical tarsomere. Inner midtibial spur nearly
‘twice as long as outer and nearly as long as middlc basitarsus. Inner hindtibial spur slightly

longer than outer and more than 0.5 as long as hind basitarsus. hind coxa with punctures on

hind coxa indistinct on lateral surface, distinct off dorsal surface (fig. 58).

¥

Fore wing with Rs base ncarly as long as thickness of SC+ R and inserted subbasally on

+ 3Rs slightly

parastigma; 2A lightly pigmented trace visible almost 1o posterior wing mar in; 2

b

‘Metasoma. T1 (fig. 56) rugose; apex wider than base, ifh s'inuate sides; apex with very
co:?wcx tubercle (fig 57). T2 (fig. 56)‘wilh lateral margins straight; rugose apically and
longitudinally rugose basally; apical margin slightly sinuate. T3 sculptured at extreme base; apex
desclerotized.and whitened. Tf‘l 1o T7 slightly desclcrotized, not whitened apically; setae limited
1o apicaul half of each tergum, in form of single row medially. Island oval on laterotergum 3
progrcsswcl) elongate posteriorly to slit-shaped on laterotergum 6. Hypopygium (ﬁg\c_)) with
setac abscm midventrally at midlength; apex entire medioventrally; posterodorsal margin
sinuate and with slight lobe. Third valvula (fig. 64) straight, ventral margin extensively
desclerotized and convex; setae on apical 0.66, concentrated on ventral half; apex with narrqw,

acute desclerotized area. Ovipositor (fig. 64) nearly straight; approximately*as lorig as hind

@ tibia; without subapical constriction; basal bulb not markedly set off from shaft.

%

-
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Male. Similar to female, except: maxilla and labium brown; coSa piccous; tibiac, tarsi and
entire hind leg rufopiceous except for piccous internal and external surfaces of femora and
external surfaces of rést of leg: clypeus 2.0 as wide as high in some specimens; face with median
" carina obscure; cye with posterior margin convex; pronotum with few laint toveolations in
dorsal groove; ventral polished band with few faint striac in most specimens: prescutellar
furrow with cross carinac low but not faint; scutellar costate arca with costac complete, both
dorsal and anterior grooves s.lightl_\' impressed: mclyanouxm (fig. 59) with mediad, pit widened
anteriorly and lateral pits without distinct anterior margin and extended nearly 1o antenor
margin of mctanotum; propodeum (fig. 39) Wilhoul tubercles, rugosity low and with some
smoolh‘arcas basally and laicroapically in some specimens; fore wing with 2A I';n.nl bulpe on
1A +2A, IRs+ M evenly cﬁrvcd; hind wing with 2A evenly curved: T1 of metasoma (figs. 59,
60) narrowed apically, areolalc,; 180<¢ 10 rugose and niarked]y convex but without medioapical
tubercle; T2 of metasoma (fig. mth lateral grooves indistinct in some specimens, sculpture
punctlate of Tugose; paramere obliq‘ucly truncate, narrow antcroventrally, narrowtr at apex than
al base, length much less than 0.33 of metasoma (fig. 66); aedeagus triangular in cross scction

and slightly knobbed at apex but flattened at base (fig. 66): digitus short, apex scarcely longer

than broad (fig. 66). Basal ring medially desclerotized, without median carinac (fig. 65).
. \

Sathon aggeris is an unusually dimorphic species, with males more different from the ,
female than some other Sarhon species are from one another. However, th& paratyvpe males do
have the a'utap\)lypies for the species, the completcly rimulose posterior margin of the
metanotum and the markedly convex T1 of the metasoma (although much legs developed than

the female). N
_ Cocoon, Larva, Hosts.- Unknown.

Phylogenetic Affinities.- S. aggeris is the sister species of S. laevidorsum . .
3
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Distribution.- Known only from the type bocality. .

-,
Chorological Affinities.- The range of this species does not overlap with any other Sathon

specics. This species is the only known South American Sathon. It is not known if S. aggeris is

sympatric with its Central American sister species, S. laevidorsum.

Paratypes.- Four malcs, samé data as holotype, on¢ gold coated for S.E.M.

»
FJ.S.J Sathon masoni new species

Holotype.- Female, Anchorage, Alaska / 24-VII-1951. / R.S. Bigelow. [with det. label,;

Apanteles n. sp. falcatus / Det. W.R.M. Mason 74.] (CNC).

Derivation of Specific Epithet.» Named with pleasure for W.R.M. Mason, who [irst recognized
this new species, aq'ewithout whose guidance and pioneering work this study of Sathon could

>

not have been done.

Diagnosis.- Adults of this species are differentiated from those of other Sathor species by the
following combination of character states: propodeum with raised lateroapical carinac and
rugosity; antennal scape concolorous with flagellum; hypopygium of female with angulate

posterodorsal margin; apex of ovipositor of female with well developed subapical constriction.

Description .-

Female. Color. Head and mesosoma piceous; metasoma piceous with anterolateral

fulvous or brown spot; antennae fulvous basally in some specimens; fore and middle legs
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fulvous and darkened apically, hind leg fulvous, darkened apically and with base of coxa

piceous; third valvula piceous.

Head. Occiput narrowly and shallowly indented medially and less convey dorsally than
latcrally. Clypeus with dorsal margin distinct and ventral margin with rim absent or medially
r
obscure. Face with short median carina on dorsal 0.30. Malar space with sculpture posteriorly
from eye to mandible or only near mandiblc: groove from ventral margin of cyc to anterior

mandibular articulation medially or almost entirely obsolete. Oral plate evenly pigmented,

dorsal margin slightly convex (lig. 77).

Mesosoma. Pronotum (fig. 68) with dorsal groove decurved and moderately foveolate:
ventral groove fovcolate posicriorly and broadly foveolate anteriorly, but not rugose; ventral
margin sinuate; width of ventral polished band at postcroventral angle approximately {our
times width at collar, smooth posteriorly, not bottle shaped with sinuation of ventral groove
and ventral margin not matched; pronotal disc with punctures over most of surl'acrc; discal pit
obscure. Propleuron punctate posterolaterally. Mesoscutum with posterior ed§e of each
puncl'urc obscure, but relatively more distinct on anterior part of mesoscutum than po;lcrior
part; setae posteriorly directed anteriorly and laterally, posteromedially dirccted medially and
posteriorly, with line of setal convergence. Prescutellar furrow (fig. 69) arcuatc or irrcgular,
but not straight, with anterior margin distinct; cross carinac ncarly as high as scutellum and
median carina highest in most specimens. Scutellum (fig. 70) with lunule narrower than costate
area and with dorsal margin evenly convex or slightly more convex medially than laterally;
costate area with costac complete, in most specimens with irregular carina extended across
costae and parallel to anterior and dorsal grooves, or at least with some irregular carination
between some costae; anterior groove crossed by several costae; dorsal groovgwide; dorsal
margin of costate area in most specimens with some sculpture or surface irregularity on
polished median part of scutellum; posterior margin of scutellum with moderate median lobe.

Metanotum (fig. 72) slightly convex laterally; posterior margin without rim; medial‘pit
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sculpturegl, narrowed apically; lateral pits partially sculptured, wider than part of metanotum
anterior 1o pits, without distinct anterior margin, part of metanotum anterior to pit smooth.
Mctapleuron (fig. 71) with foveolation of median groove indistinct or absent, _furrow distinct,
but obsoletc near midpit in some specimens; posterior part of metapleuron with slight sculpture
on posterior 0.33, but with indistinct granular microsculpture anterior to this; posteroventral
c"arina rounded and slightly widened near hind coxa. Propodeum (fig. 72) punctate basall’y,
rugosc apically, with raised lateroapical carinac and rugosity; &edian carina on apical 0.5, with
irrcgular surface that confluént with transverse rugosity on median propodeal area; spiracle
round, separated from pleural carina by 0.5 or more of its own diameter; medioapical boss

- a
round, but with median cayma widened apically in some specimens and boss appearing

tria n‘gu’.

Tgrsal claw; stout, shorter than width of apical tarsomere. Inner midtibial spur slightly
longer than outer and approximately 0.75 as long as middle basitarsus. Inner and outer
hindtibial spurs subequal in length and less than 0.5 as long as hind basitarsus. Hind coxa with
punctures in longitudinal band on lateral surface and distinct on dorsal surface, but some

specimens with all punctures indistinct (fig. 74).

Fore wing with Rs base longer than thickness of SC +R and inserted subbasally on
parastigma; 2A slight knob on 1A +2A, but some specimens with unpigmented trace visible part
way o wing mﬂrgin; 2+3Rs slightly sinuate, not decurved apically; 1Rs +M cvenly slightly
curved. Hind wing with Cu +cu-a moderately curved near junction with M +Cu and straight ¢
near junction with 1A; SC+R at extreme base with convexity slightly protruded above upper

plane of wing.

Metasoma. T1 (fig. 73) rugosopunctate lateroapically, polished medially in most
specimens but rugose in markedly sculptured specimens; apex narrower than base, with sides
straight and apically convergent; apex moderately convex. T2 (fig. 73) with lateral rhargins

obscured by rugosity: rugose, but with polished median area; apical margin sinuate, but furrow
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marking margin incomplete in some specimens. T2 smooth: apex not desclerotized or whitened. v

‘ o
T4 10 T7 not desclerotized or whitened; setae scattered evenly across terga. Island oval or. "

teardrop-shaped. Hypopygium (lig. 78) with sctac concentrated basally and apicall&.’or absem
midventrally at midlength; apex entire medioventrally; posterodorsal margin angulate and
jouned 1o ventral margin at approximately 80°, in some specimens also slightly sinuate near
apex. T9 approximatcly 2.5 times higher than wide (fig. 76). Sccond valviler (fig. 76) .\h{m.,{
o T -
barely projected into upper 0.5 of T9, apex in form of narrow bottleneck that has apodemes.
anteriorly and posteriorly. Third valvula (fig. 76) decurved, with ventral margin scleronzed amd
concave, but only slightly concave in some specimens: setac on apical 0.75 or more ., onh
slightly more concentrated ventrally than dorsall,\"; apex with desclerotized area small and acute

or absent. Ovipositor (fig. 76) cvenly shallowly decurved; slightly longer than hind tibu, with

subapical constriction; basal bulb somewhat abruptly sct off from shafi.

Male. Similar to female, except: some specimens with mesoscutal punctures cvenly delimited
on all sides, but punctures as a whole less distinct posteriorly than anteriorly: dorsal margin of
scutellar costate area irregular in some specimens; metanotum without lateral con%xily;
penultimate fore larsomere approximately 1.8 times long as wide; paramere obligucly truncale,
narrow anteroventrally, slightly widened at apex and approximatelv aQ \»;idc as eatreme basce,
length much less than 0.33 of metasoma (fig. 80); acdeagus triangular in cross scction
throughout length and distinctly knobbed at apex (fig. §0): digitus slightly clongate (fig. %0);
basahring medially desclerotized. withou{ median carinac (fig. 79).

Cocoon, Larva, Hosts.- Unknown.
&

Phylogenetic Affinities.- S. masoni is the sister species of S. cinctiformus .

Distribution.- Northwestern in Nearctic Region. 1 have examined specimens from the following
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states and territory: Canada. North West Territories. United States. Alaska, Idaho, Minncsota.

-
Chorological Affinities.- The range of this species overlaps with that of S. neomexicanus and it
<
has been collected at some of the same sites, but is apparently not sympatric with its sister
species S, cinctiformis. Paucity of specimens outside of Alaska shows lack of knowledge of true

soutthern extent of range and species status of southern specimens.

Paratypes.- 5 females, 2 males, same data as holotypc.OIZ females, male, Unalakleet, Alaska,
5-14-VI11-61 B.S. Heming(CNC). 9 females. male, Unalakleet, Alaska, 2-29-VIII-61
R. Madge (CNC). 22 females, Big Delia Alaska, 13-V11-1951 J.R. McGillis (CNC). 7
females, Shaw Crk. Alaska, m. 289 Rich Hwy, 11-VII1-1951 Mason & McGillis (CNC).
2 lemales, Birch l Alaska, ncar Fairbanks, 7-VII-195]1 W.R.M. Mason (CNC). 2
females. Paxson Lodge Gulkana, Alaska, 4-VIII-1951 W.R .M. Mason (CNC).2
femnales, King Salmon, Naknek R. Alaska, 8-VII1-1952 J .B. Hartley (CNC). 3

- females, King Salmon, Naknek R. Alaska, 11-31-VIII 1952 W.R.M. Mason (CNC). 2
females, Mt. McKinley 3500°, Vi11-7-54 Alaska, bavid Townes (AEl ). female, M.
McKinley N. Pk. Alaska, F.W. Morand, Coll. 1932 (USNM). 4 females, Mile 272
Alaska, Richard Hu{y 26-VII-1951 W.R.M. Mason (CNC). female, Coleburn Ida.
Bonner Co., VI-23-60 A R. Gittins Collector (USNM). 2 females, Faglesnest, Minn.
Aug. 4 1958 coliccted by W. V. Balduf (USNM). female, Fort Simpson N.W.T. .

15-VI11-1950 D.P. Whillans (CNC).
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3.5.4 Sathon cinctiformis Vicreck 1911,
Apanteles ( Protapanteles ) cinctiformis Vicreck 1911: 176,
Apanteles cincti formis; Muesebeck 1921: 520,
Sathon cinctiformis, Mason 1981 : 80.
(Apanteles cinctiformus sensu Cole 1931 and Claassent 1921 = Lathrapanteles papaipemae sensu

Williams 1985)

.

Type Material Examined.- Holotype: U.S.N.M. Cat. No. 13502, Great balls, Virginia, hune

18 collected by Nathan Banks.

Diagnosis.- Adults of this specics are differentiated from those of other Sarhon species by the
following combination of caracter states: scape fulvous, lighter in color than flagellum;
propodeum with lateroapical rugose tubercles or raised carinac; T1 of the metasoma markedly

rugose, even in mediobasal groove.

Description .-

Female.Color. Head and mesosoma rufopiccous to piccous; metasoma piccou on T
and apical tcrga, fulvous elsewhere, but terga darker than sterna in some specimens; antennal

scape fulvous, flagelum brown; legs and third valvula fulvous.

Head. Occiput na;rowl_v and shaliowly indented medially, dorsal area concave in some
specimens. Clypeus with dorsal margin obscure or slightly marked and ventral margin with
reflexed rim present laterally or completely. Face with median carina on dorsal 0.4. Malar space
with slightly or moderately developed sculpture near mandible; groove from ventral margin of
eye 1o anterior mandibular articulation obscure over most of length or absent except ncar eye.

Oral plate evenly pigmented. dorsal margin flat (fi'g. 90).
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Mesosoma. Pronotum (fig. 81) with dorsal groove slightly to markedly decurved and
foveolate; ventral groove foveolate posteriorly and with rugosity anicriorly, rugogil) indistinct
in some spécimcns; ventral margin sinuate; width of ventral polished band at posteroventral
angle approximatcely four times width at coliar, smooth posteriorly, band bottle shaped with
sinuation of ventral margin and ventral groove matched, but dorsal margin of band irregular
anterior 10 midlength; pronotal disc with punctures over most of surface: discal pit deep.
Propleuron with punctures obscur@osterolalerally. Mecsoscutum with posicrior cdge of most
punctures obscure, punctures almost absent posteriorly and distinct anteriorly . some specimens
with punctures distinct all around: setac posteromedialiy directed ncar prescutellar furrow,
“posteriorly directed elsewhere, without line of sctal convergence. Prescuteltar furrow (fig. 82)
arcuate, with anterior margin distinct; cross carinac as high as scutellum or nearly so laterally,
but carinae lower medially. Scutellum (fig. 83) with lunule as wide as costate area and with
dorsal margin cvenly convex; costate area with costae complete or faint medially, with carina
parallel to anterior and dorsal grooves, or at least with some irregul'ar carination between some
costae; anterior furrow moderately deep and crossed by several costae; dorsal groove wide;
dorsal margin of costate area with some sculpture or irregularity present on polshed median
part of scutcllum; posterior margin of scutellum with slight median lobe. Metanotum (fig. 85)
slightly convex laterally; posteriorjmargin without rim; medial pit sculptufed. wigh irregular
anteriorly divergent sides; laterdl pits slightly rugose with smooth areas to almost completely
rugose, approximatcly as wide or narrower than part of metanotum anterior 1o pit, with
distinct anterior margin, part of metanotum anterior to pit sculptured. Metapleuron (fig. 84)
with median groove distinct, foveolate except near midpit; posterior part of metapleuron with
marked rugose and granular sculpture on posterior 0.4 - 0.8 and with one or scveral carinae as
high as posterior carina and protruded on to sculptured area; posteroventral carina rounded and
slightly widened near hind coxa. Propodeum (fig. 85) punctate basally, rugose apically and

- with raised carinae and rugosity lateroapically; median carina on apical 0.6 - 0.9, with irregular

surface confluent with slight transverse rugosity on median propodeal area; spiracle round or



broadly oval, scpifllcd from pleural carivy its own diameter. but connected to plcural
e

carina by carina of equal height in some specimens; medioapical boss round. but some

specimens angularly connw to medldM Qgrina and appearing somewhat broadly triangular.
e N -

Tarsal claws stout, shorter l:han width of apical tarsomere. inner miduibial spur slighthy
longer than outer and nearly 0.75 as long as middle basitarsus. Inner and outer hindlibial_;ﬂpnrs
sfxbcqual in length and less than 0.5 as long as hind basitarsus. Hind cona with punctures
obscure except for narrow longitudinal band on latcral surface and deep punctures on dorsal

surface, but some specimens with punctures indistinct (fig. 87).

I ore wing with Rs base longer than thickness of SC+ R and mserted subbasally on

parastgma 1A shight bulge on 1A +2A; 2 + 3Rs slightly sinuate. not decurved apically; 1Ry + M

~

straight. Hind wing with Cu +cu- ately curved near junction with M+ Cu and nearly

straight near junction with 1A; S at extreme base with conventy shightly protruded above

upper plane of wing.

Metasoma. T1 (fig. 86) striate -rugose medially and rugose or areolate-rugosc apically
and laterally; apex narrower than base, but wider subapically than basc in some specimens, with
sides sinuate, or straight and parallel on basal 0.75 but apically conwcrgent on apical 0.25; apea
shghtly convex. T2 (fig. 86) with lateral margins obscured by rugosity; rugosc.‘bul with shght .
granular sculpture medially in some specimens; apical margin slightly sinua‘lc to almost straight.
T3 rugose mediobasally, sculptured arca small in some specimens; apex shghtly desclerotized
and whitenced. T4 to T7 shightly desclerotized. not whitened: setac evenly scattered across terga.
but limited to a single row on T4 in some specimens. Islands oval to elongate oval. Hypopygium
(fig. 91) with setae ébsent or scarce midventrally at midlength; apex entire medioventrally,
posterodorsal margin angulate and slightly sinuate near apex, joined to ventral margin at
approximately 80". T9 approximately 2.0 times higher than wide (fig. 89). Second valvifer (fig.
89) short, barely projected into upp;ar 0.5 of T9, apex slightly narrowed and with irregular

margin dorsally. Third valvula (fig. 89) decurved. with ventral margin sclerotized and concave
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over most of length; setae on apical 0.75, evenly distributed, bent tipped nc%apcx; apex with
desclerotized area triangular and emarginatc at tip. Ovipositor (fig. 89) nearly straight basally
but sharply decurved at apical 0.3 and nearly straight distal to that; slightly Iongér than hind
tibia, without subapical constriction; basal bulb somewhat abruptly sct off from shaft.

t

Male. Similar to female, except: metasoma with more apical terga and some sternites

%

rufopiccous to piceous, scape piceous or basal half of flagellum fulvous with scape and

flagellum concolorous in some specimens; metapleuron with foveolation of median groove

indistinct except near base. sculpture of posterior portion of metapleuron slightly to moderately
developed and present only on 0.4 of posterior part; propodeal spiracle oval and separated from
pleural carina by less than its own diamcter; T1 apically narrowed throughout length in some
gpccimcns; paramere obliquely truncate, narrow anicroventrally, apex slightly widened and
shightly narrowq than extreme base length much less than 0.33 of metasoma (fig. 93);
aedeagus man‘nﬁr in’ sectlon ougﬁ’om l and distinctly knobbed at apex (fig. 93);
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Dp't; n.- E;slem Nearctic. | haVe examined specimens from the following provinces and

.
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neomexicanus, but il is apparently not sympatric with its primarily western sister specics, S.

masont. : .

)Q'Salhon circumflexus new species

R

Holotype.- Female, Doolittle Ranch 7/ 9800° Mt. Evans / Colo. 10-VI1 B H. Poole {S0 b m,

S.W. Denver 1 Clear Creek CQ.J (CNC).

A

Deriwvation of Specific Epithet - 1.aun, masculine, me@mng curved or fleved and refenng o the

arc-like and markedly decurved ovipositor. ;."’h!
-4

Dwagnosis.- Adults of this species are differentiated from those of other Sathon speaes by the
folléwing combination of cMaracter states: propodeal boss thickened medially: female with
ovipositer evenly decurved and semicircular; male with paramere apex wider than base and

length slightly less than 0.33 of metasorna.

Description .-

Female. Color. Head and mesosoma piceous; metasoma piceous with anterolateral
fulvous spot; antenna piceous; fore and middle legs fulvous. hmd?cg fulvous with coxa. aper
of tibia, tarsi and in some specimens external surface of femur rul'opucc;us; third valvula

piceous. !
?

Head. Occiput broadly and shallowly indented medially (fig. 105). Clypeus with dorsal
margin delimited laterally, but slightly less so medially . ventral margin with very shght reflexed
rim. Face with median carina on upper 0.25. Malar space sculptured posteriorly near mandible:

furrow from ventral margin of eye to anterior mandibular’éiculau’on complete but indistinct,
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to absent near mandible. Oral plate with mediolateral pigment lines, dorsal margin convex (fig.

-103). A

]

Mesosoma. Pronotum (fig. 94) with dorsal groove straight and smooth or with few
fovcolations; ventral grbovc narrow, with foveolation faint in somg specimens and without
ruggsity anteriorly; ventral margiﬁ sinuaie: width of ventral polished band at posteroventral
angle approxiﬂ,lalcly five times width evukcollar. stfialc posteriorly, band bottle-shaped with
sinuation of vc;l'?al margin and ventral groove matched: pronotal disc with punctures on most

of surface; dis:ca’l‘pil obscure. Propleuron with slight punctures laterally. Mesoscutum with
L4

Lot . .
punctures obscurc; setac posteriorly directed and without line of setal convergence, but some

!

o

specimens with sctae posteromedially directed on notauli or posler'g)r part of mesoscutum and
then line of setal convergcnf‘(c present in broad, indistinct form. Prescutellar furrow (fig. 935)

arcuate, shallow, with anterior margin indistinct medially in some specimens; cross carinae as
v

high as scutellum laterally, but lower or absent medially. Scutellum (fig. 96) with lunule almost

s

as wide as costate area and with dorsal margin slightly more convex medially than laterally, or
' . \ )

irregular; cos;nc area without costae medially; anterior groove crossed by several costae; dorsal
gropve indistinct over most of length; dorsal margin of costate area with foveolations of dorsal
gr(;ovc imPrcssed in some specimens; posterior margin of scutcllum with slight median lobe.
Metanotum (fig. 98) laterally convex; posterior margin without rim; medial pil?;;arly smooth,
straight sided; lateral pits entirely sculptu}red or with small smooth arcas near medial pit, wider
. T e ‘

than part of metanotum antérior to pit, without distinct anterior margin, part of metanotum
anlerior to pit sxt;ooth. Metapleuron (fig. 97) with median groove sTight]y foveolalc.robsoiele
or distinct near midpit; posterior portion of metapleuron with slight sculpture on posterior 0.5
or less; posterover'u‘ral carina rounded and slightty widened near hind coxa. Propodeum (fig.
98) punctate basally, with few wrinkles apically; median carina irregular trace near medioapical
boss, but extended toward metanotum by a band of low rugosity in some specimens; gpiracle

oval, separated from pleural carina by its own least diameter, but connected to pleural carina

by raised area as high as carina, raised area and carina low in some specimens; medioapical boss



. rr.:'i-nd, thickencd medially.

»
(3N
Tarsal claws stout, shorter than width of apical tarsomere. Inner midtibial spui stightly

ger than outer and 0.75 as long as middle basitarsus. Inner and outer hindtibial spurs
subequal in length ang less than 0.5 as long as hind basitarsus. Hind coxa with punctures

. obscure, less so dorsally 1han~lalcrall.\ (fig. 100).

Fore wing with Rs base as long or longer than thickness of SC+R and inscrted

subbasally on parastigma; 2A slight convexity on 1A +2A; 2+ 3Rs straight or shighthy curved,
t
not decurved apically; 1Rs + M straight. Hind wing with Cu+ cu-a curved near junction with

M+ Cu and straight ncar junction with 1A; SC +R at extreme base with convevity slightihy
protruded above upper plane of wing.

Metasoma. T1 (fig. 99) smooth basally and. medioapically, but rugose lateroapically
and with f:ew punctures in some-specimens; apex narrower than g;sc. sides slightly sinuate; apex
moderately convex. T2 (fig. 9?,) with lateral margins straight or slightly concave; rugose
laterally and with faint granuiar microsculpture at base; apical margin sinuate. T3 smooth; apex 7
slightly desclerotized and whitened. T4 1o T7 scarcely desclerotized, noil whitened apically; sctac
evenly scattered across terga. Islands oval. Hypopygium (fig. 104) with sctac absent
midventrally except near apex; apex entire medioventrally; posterodorsal margin sinuate. TY ~
approximately 2.5 times higher than wide (fig. 102). Second valvifer (fig. 102) projcdcd mlo
upper 0.5 of T9, apex shightly expanded dorsal to point of third valvula auach_;:mm and with
apodeme posterioriy. Third valvula (fig. 102) decurved, with ventral margin sclerotized and
c%cave over most of length; setae op almost all of length, but concentrated apically and

ventrally; apex with triangular desclcrotized area which has divided apex. Ovipositor (fig. 10?)

evenly but markedly der:lgved over entire length; longer than hind tibia, without subapical
Lonstriction; basal bulb abruptly set off from shaft.
. Y

- Male. Similar to female, except: foveolation of pronotal grooves alfost atem in some

; -’ )
a -
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specimens; cross carinac of prescutellar furrow equally distinct medially and laterally in some
specimens; penultimate fore tarsomere approximately 2.0 times long as wide; T1 of metasoma
(fig. 101) with sides ncarly straight; T2 much longer than wide at apex, with granular
microsculpture obscure at basc£ paramerc obliqﬁcly truncaie, narrow anteroventrally, wider at
’apcx than at basc, Iength slightly less than 0.33 of metasoma ([ig. 107); aedeagus triangular in
cross scction throughout length and distinctly knobbed at apey (fig. 107); digitus elongate (fig.
) ‘i07); basal ring evenly sclerotized, with slender mq@ian cayina (fig. 106). ‘

Cocoon, Larva, Hosts.- Unknown.

8. .

Phylogenetic Affinities.- S. ctrcum flexus is the sistel species 10 S. neomexicanus + S. Jalcatus.

Dustribution.- Southwestern United States. I have examined specimens {romgthe following —_——

-
states: United States: Arizona, Colorado, New Mexico. ’

Chorological Affinities.- The range of this species overlaps with S. neormexicenus and has been

~ collected at the some of the same localities as th&s species at the same time.

i;arazypes.- 11 l'cnlaics, 2 males, Doolittie Ranch, 9800" Mt. Evans, Colo. 10-VII Collectors
B.H. Poole, S.M. Clark and W.R .M. Mason '61 (CNC). Female, male, Doolittle
Ranch, Mt. Evans Colo. 31-VI1-1961 C.H. Mann 10,000'(CNC). § females, Loveland
) Pass W. slope 9850" 8- VI11-1961 COLO. B.H. Poole (CNC). 12 femalés, male,
Chicago Cr. 8800' Clear Cr. Co. CéLO. Aug 2, 5 and 25 Collectors B.H. Poole and
C. H Mann '6]1 (CNC). 4 females, West Chicago Cr. 9800' Clear Cr. Co. COLO.
11 VII1-1961 Collectors B.H. Poole and S.M. Clark (CNC). Female, Echo L. 9600°
Mt. Evans COLO. July 26 1961 B.H. Poole (CNC). Female, Cameron Pass, COLO.

August’18 1940, Elev. 9850ft. C.W. Sabrosfy Collector (UM) 2 females, Colo. 2012

b} .
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{Grizzley Creek, Lar. Co. 7-19-96] Collv.ccl‘ion C.F. Baker (USNM). Femalc, Colo.
2013 [Forresters Ranch. §-3-96] Collection C.F. Baker (USNM). Female. Colo. 2061
{Hardys Ranch, North }fark. 7-29-96) Colicclion C.F. Baker. (USNM). F:cr&glc. Colo. ¢
1547 [Fort Collins. 6-7-95] Collection C.F. Baker (USNM). Female, Aris. ?.;,(\‘) fSan

. -
Francisco Mts., Flagstaff. 7-23-97] (‘ollcctio_n C.k. Baker (USNM). Female, Arir.
Graham Co. Hospital Fla; Pinaleno Mts. All.. §950° 2-VI11-1965 Hugh B. I.cauf? ‘
(CAS). Femalc, Chiricahua Mts. Rustlers Park VAI1-16-74 Ariz. H.&M. Townes .

(AEl). Female, Cimarron, N. Mcx. VI 23 'S5 9500" David Townes (AFI).

3.5.6 Sathon neomexicanus Muyesebeck 1921 (1920).
Apanteles neomexicanus Muescbeck 1921 (1920): 529,
Apanteles caudatus Muesebeck 1922: 16. Synonvmy by Muesebeck and Walkley 1951 131,

Sathon neomexicanus, Mason 1981 : 78.

Type Material Examined.- . | .
A. neomexicanus - Holotype: U.S.N.M. Cat. No. 2252¢, Santa ke, New
Mexico. Collectgd by T.D.A. Cdckerell, August 14, 1895, P\aratypcs: 3 females, same
data as Holotype. Female, Colo. 215§, Coll C.F. Baker.
A. caudatus - Paratypes: MaTe. Carbonate, Columbia Riv. Br. Col. Jy 7-12 V

'08, Alt 2600 ft. J.C. Bradiey (Cornell U. Cat. No. 568.‘4, USNM Cat. No. 24330). -,

Female, Mica, WASH 14 July 1918, A L. Melander.

~
9

-

Diagnosis.- Adults of this species-are differcntiated from those of other Sathon species by the
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following combination of character states: occiput narrowly and shallowly indented medially;
propodeum smooth or with slight irregular rugosity, median carina in form of short trace or
cxtcn;icd over most of propodeal length; 3Rs of [ore wing slightly sinuate, markedly decurved
near wing apex; T1 of metasoma with straight, nearly parallcl sides and wide medioapical
smooth arca; female with ovipositor markedly longer than hind tibia; male with enlarged geniial

capsule, length more than depth of metasoma.

Description. -

FFemale. Color. Head and mesosoma piceous; mctasoma piceous with anterolateral
fulvous spot. or almost entirely fulvous except for T1, margins of T2, ap@ apex of T9;
~ antennac piceous; forcleg fulvous or with coxa piceous near base, middie leg fulvous or with
coxa piccous near base, and hind leg fulvous with coxa piceous on basal 0.33 or more; third

valvula piccous. >

Head. Occiput narrowl)'/' and shallowly indeﬁled medially (fig. 1). Clypeus with dorsal

margin indistinct in some sp®¢imens, ventral margin without reflexed rim. Face with median

'. .

carina on dorsal 0.33, some specimens with indistinct polished ridge on middle-0.33. Malar
space sculptured posteriorly and with furrow fromWentral margin of eye to anterior mandibular
articulation complete, or sculptured over most of surface and groove obscured. Oral plate with

mediolateral pigment lines, dorsal margin concave (fig. 117).

Mesosoma. Pronotum (fig. 108) with dorsal groove straight or slightly decurved and )
moderately foveolate; ventral groove foveolate throughout fength, but with little or no rugosity
anl~criorly; vcml"al margin sinuate; width of ventral polished band at posteraventral angle four
to five times width at collar, smoqth posteriorly, band bottle shaped with sinuation of ventral
margin and ventral groove matched; pronotal disc with punctures over most of surface; discal

pit obscure to moderately deep and distinct. Propleuron punctate posterolaterally. Mesoscutum

with punctures absent or indistinct posteriorly, distinct anteriorly; setae posteromedially

e

»
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directed on notauli and near prescutellar furrow, posteriorly d¥ected clsewhere, linc of sctal
convergence short or absent. Prescutellar furrow (fig. 109)-uiuz:l't.'or nearly straight medially,
A
with anterior margin indistinct medially; cross carinac as hi&s sc’ﬁi}llum or nearly so
laterally, but carinac lower medially. Scutellum (fig. 110) wnh iun‘ul.c as “:i& costate arct”
and with dorsal margin slightly more convex nicdially than laterally, or irregular; costate arca
with costae complete, with irregular cross carinae in somce specimens; anterior groove crossed by
several Lo numerous costae, dorsal groove absent or indistinct; dorsal maréin of costate areca
smooth; posterior margin of scutellum with slight or no mcd'ﬁn lobe. Metanotum (fig. 112)
slightly convex laterally: posterior margin without rim; medial pit nearly smooth, with straight
or slightly curved but anteriorly divergent sides; lateral pits rugose but with smooth arcas, as

wide as or narrower than part of metanotum anterior to pit, with distinct anterior. margin, part

of metanotum anterior to pit sculptured in some specimens. Metapleuron (fig. 111) with

.
o5

median groove slightly sculptured but distinct over entire length; posterior part of metapleuron
with deep punctures on entire length of surface, at least on dorsal 0.5; posteroventral carina
rounded and slightly widened near hind coxa. Propodeum (fig. 112) punctate basally, with
slightly developed wrinkles apically; median. carina irregular trace ncar medioapical boss or
extended over most of propodeal length; spiracle broadly oval, separated from pleural carina by

less than its own least diameter; medioapical boss round.

Tarsal claws stout, shorter than width of apical tarsomere. Inncr midtibial spur sligftly
longer than outer and approxima:cly 0.75 as long as middle basitarsus. Inner and outer:
hindtibial spurs subequal in length and less than 0.5 as long as hind basitarsus. Hind coxa with

punctures obscure except for longitudinal band on lateral surface, distinct on dorsal surface

(fig. 114). ‘ m

Fore wing with Rs base as long or longer than thickness of SC+R and inscried

\ ogl parastigma; 2A slight decu¥vature or bulge on 1A +2A and unpigmented creasc;

1
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shghtly sinuate..Hind wing with Cu+cu-a moderately curved near junction with M +Cu,

straight or slightly decurved near junction with 1A; SC+R at extreme basc with convexity

slightly protruded above upper plane of wing. -

°

Metasoma. T (fig. 113) slightly rugose apically and with medioapical smooth are&pﬁ,_'_

1

middle (.33 to 0.75; apex slightly narrower than base, with sides sinuate or slighlly curved at
A

-

apex; apex moderately convex, but smooth area slightly concgve in some specimens. T2 (fig.
’]13) with lateral margins slightly curved: rugosc laterally and some specimens with granulate
microsculpture at base, but most of tergum smooth; apical margin markedly sinuate. T3
smooth or slightly sculpiurgd at extreme base; apex slightly desclerotized, not whitened. T4 10
T7 slightly desclerotized, not whitened; sctae scatiered evenly across terga, but concentrated
near apex of T4 in some specimens. Islands elongate oval, lengthened posteriorl;'. Hypopygium
(fig. 118) with setac absent midventrally over most of length; apex entire medioventrally;
posterodorsal margin sinuate and with a lobe. T9 approximately 3.4 times higher than wide
(fig. 116). Second valvifer-(fig. 116) ;;’rojecled well into upper 0.5 of T9, apex knobbed and
with irregular or round margin. Third vaivula (fig. 116) decurved, with ventral margin |
sclerotized and concave over most of length; sctae on-apical 0.75 or more, markedly
concentrated near ventral side of valvula; apex with triangular and acute desclerotized area. .
Ovipositor (fig. 116) decurved over most of length, but markedly more so apically than basally;

approximately 2.0 times as long as hind tibia, without subapical constriction; basal bulb

abruptly set off from shaft.

Ow

N

Male. Similar to female, except: some specimens darker than female, with anteriormost

lateroterga of mietasoma rufofulvous; face with median carina faint, less than 0.33 of face

between dorsal_a‘nd '\"fe,mx" . mﬁm 'wftﬁ punciures slightly developed on posterior

i

mens, (?. lateroapical rugosity in some specimens; hind

__gart in some speci
4 : o ' (%“’ “; -: co :

coxa with band of* distinice po) '
“‘ .!il - R . - .- . -‘O
- ' ' o
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sculpturc and with sides evenly narrowed apically in some specimens; T2 with faint sculpture in
some specimens; paramere obliquely truncate, moderately wide anteroventrally, markedly wider
at apex than at base, length at least 0.33 of metasoma (Mg, 121); aedeagus trigangular in cross

section throughout length and distinctly knobbed at apex(fig. 121); digttus clongate (fig. 121);

basal ring cvenly sclerotized, with convergent pair of robust median cannae (fig. 120)

Cocoon. Mass shape not known, but all cocoons with flatiened and shightly transhucent sides
indicating close appression to other cocoons. One paratype from Santa Fe, New Mevco with
two tighthy bound cdcqons pinned under adult specimen, both with fJat and shightiy translucent
sides which indicates removal of other cocoons.’ .

\
Larva (fig. 119). Gregarious. Hypostoma with two mandibular processes and marked
| \ hypostomal spur; mandible blade curved at apex, with irregular row ol irregularly pointed teeth
| on apical 0.66; silk press apparently with thick integument, external and some internal dcl\aiis

visible; labial sclerite approximately wide as high. ‘

Hosts.- S. neomexicanus has been reared from undetermined Noctuidae (W.R.M. Mason, pers.
comm.) and from Protagrotis obscura Barnes and McDunnough (R. Oetting, pers. mmx_n'.)

Phylogenetic Affinities.- S. neomexicanus is the sister species of S. falcatus .

Distribution.- Transcontinental in Nearctic Region, but apparently absent from southcastern
USA. (fig. 140) I have examined specimens from the foliowing territories. provinces and
states: Canada. Alberta, British Columbia, Labrador, Manitoba, Newfoundland, North Wést

Terrilor'ies,'Omario, Prince Edward Island. United States. Alaska, Arizona, California,

Colorado, 1daho, Michigan, Minnesota, Montana, Nevada, New Mexico, Oregon, South *
. N
Dakota, Utah, Washington, Wyoming. Apparently most abundant in southwestern U.S.A. . °



v
Chorological Affinities.- The range of this species apparently overlaps with all other North
American specics of Sathon, and specimens have been collected at some of the same localitics as
those of S. circum flexus and S. masoni. S. neomexicanus is apparently allopatric with its sister

specics, S falcatus.

3.5.7 Sathon falcatus Necs von Fscnbeck 1834,
Microgaster falcatus Nees von Esenbeck 1834 175; type lost, Neotype designated by Wilkinson )
1945: 133,
Microgaster equestris Haliday 1834: 242, S_\"no‘nymy by Curtis 1837:116.
Apanteles equestris; Hincks 1944 20,
Apanteles priapus Gauticr & Cleu 1927: 85. Synonymy by Wilkinson 1945‘: 133,

Salhon falcatus; Mason 1981: 78.
»

Neotype.- Female, Reinhard Collection, Berlin. No. 26943, Designated by Wilkinson (1945:
133). o

do~ o,

(Apanteles falcatus var. minor Fahringer 1938 = undetermined species of ater-group sensu

Nixon 1965 and Apanteles sp. sensu Mason 1981 )

Diagnosisy;

o
o 15
£ 5 .

,g’} wethale. Color. Head and mesosoma black; metasoma black except for fulvous area on

anteriormost lateroterga, but with a rufofulvous band on apex of T3 in some specimens; legs
©®
gufoluvlous, darkened apically to rufopiceous on tarsomeres, coxae piceous to black, but some

specimens fulvous at extreme apex; third valvula dark rufopiceous to black.

W
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Head. Occiput broadiy and somewhat deeply indented medially, head arcuate in dorsal
aspect (fig. 134). Oral plate narrow ventrally, with mediolateral pigment lines, dorsal margin
slightly convex (fig. 131).

-

Mesosoma. Pronotum (fig. 122) with dorsal groove straight and shightly sculptured;
ventral groove narrow, with slight foveolation, but some specimens with distinct foveolation
anteriorly. Mesoscutum with punctures distinct over most of surfacc; almost all sctac
posteriorly directed. Prescutellar furrow m'odcmtcl_v to markedly arcuate ((1{ 173) . Scutellum
with lunule wide and with markedly curved or sinuate posterior margin (fig. 124). Propodeum
(fig. 126) punctaic basally, smooth apically or with low rugosity, especially near median carina;
median carina tinc of rugosity near medioapical boss or extended over most of propodeal
length; medioapical boss thickened medially.

Hind coxa with punctures deep, although slightly obscured on lateral surface in some

- ~

specimens (fig. 128).
Fore wing with 1Rs + M sinuate.

Metasoma. T1 (fig. 127) smooth mediobasally and in some spccimens medioapically
rugose or rugosopu‘nctate elsewhere; apex narrower than base, with sides convergent throughout
Icngth but moreso on apical 0.33 than basal 0.66. some specimens nearly as wide at apical 0.66
as at basc. T2 (fig. 127) with lateral margins straight or slightly convex; rugose, but with
sculpture absent medially; apical margin markedly sinuate. Hypopygium (fig. 132) with apex
immarginate and posterodorsal margin angulate and somewhat sinuate. T9 approximately 3.0
iimes higher than wide (fig. 130). Second valvifer (fig. 130) projected well into upper 0.5 of
T9, apex rounded and with distinct head s¢t of f from remainder of valvifer. Third valvula (fig.
130) more decurved apically than basally, with ventral margin concave over most of length;
apex with desclerotized area small, triangular and emarginate at tip. Ovipositor (fig. 130)

decurved over most of length, but markedly more apically than basally; nearly 2.0 times as long
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as hind tibia, with no or slight subapical constriction; basal bulb markedly set off from shaft.
|
M\nle. Similar to female, except: trochanters infuscate, apes of hind tibia, and in some
speciments all femora and apex of middle tibia, extensively infuscate; scutellum with lunule
wide, but not with markedly curved or sinuate postefior margin; propodeum with some
_lateroapical rugosn‘ and medioapical boss triangular in some sbecimcns; T1 of metasoma (fig.
129) evenly narrowed apically in some specimens; paramere slightly obliquéty‘ truncate, wide
anteroventrally, markedly wider at apey than at basc, lcnglh‘al Icést 0.33 of metasoma ([ig.
136); acdcagus with a scierotized bar in dorsal surface ¢fig. 135). triangular in cross section
throughout length, distinctly knobbed at apex (fig. 136); digitus clongate (fig. 136); basal ring

evenly sclerotized, with a divergent pair of robust median carinac at base (fig 135).

Cocoon. Vertically arranged in tightly bound oblong mass, some cocoons on mass periphery
angled relative to central cocoons; individual cocoons with flattened and slightly transtucent

surfaces at areas of contact with other cocoons.

Larva. (fig. 133) Hypostoma with three mandibular processes and distinct hy postomal spur;
mandible blade straight at apex, with single row of straight, regular teeth on apical 0.66; silk
press apparently with thick integument, external and some internal details visible: intcgun}cm
dorsad of cach hypostoma thickened, with two faintly sclerotized bars directed posteriorly from

mid -length of ecach hypostomal sclerite. ot

Hosts.- S. falcatus has been reared from larvae of the following species of Lepidbplera: Noctua
sp.. Xylophasia monoglypha Hufn., Eupithecia succenturiata (1..). Pterophorus osteodactylus
Zell., Rhyacionia buoliana Schiff ., Agroperina lateritia Hufn.. Synanthedon tipuli formis Cl. and

Hepialis humuli 1.. (see Shenefelt 1972 for citations of rearing records).
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Phylogenetic Affinities.- S. falcatus is the sister species 10 S. neomexicanus .

Dustribution. - Transcontinental in the Palacarctic Region. also in Java. Published records givea *
range from Egyvpt to Sweden and from Spain 1o Sakhalin.

Chorological Affinuttes.- The range of this species overlaps with both other Palacarctic L USTAN

of Sathon, but S. falcatus is the only representative of the §. Salcatus-group in the Old World,
Both S. eugeni and S. lateralis have been taken at localitics where S, Jalcatus has beeh tound.

Apparently allopatric with its sister species, S. neomexicanus.

3.6 Taxa excluded from Sathon
Sathon failcatus var: minor Fahringer 193§,
The specimen from which this variety was described has an arcolate propodeim,
aciculate mesonotal punctures, a desclerotized and striate hypopygium and sparsely sclose
vannal lobe of the hind wing. It keys to Apanteles ater - group in Nixon (1965) and Apanteles

sp. in Mason (1981).

Lathrapanteles papaipemae Muescbeck 1921 (1920).
«
This species was included in Sathon by Mason (1951) in his onginal description of the

genus, but was removed by Williams (1985: 1963).
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' %, PHYLOGRNETIC RECONSTRUCTION .

l'\

4.1 Methods a

The S3 characters of tabic | were subjglcd to phylogenggicanalysis using the methods
of Hennig (1966). A phyiogenctic tree of Sathon specics was reconstructed by analysis of the

drstribution of shared derived vharacter states (synapotypies), from which a classification of
Y ‘ v
Sathon species was derived. Phylogenetic systematics was used in order that the classification -,

derived from the phylogeny would be maximally informative about the evolution of Sarhon
-

species (Farris 1979, Nelson 1973). _ x

w- - P
Y .

Character states were assigned plesiotypic or apotypic polarity using obtgroup s

comparison of character state distributions (Farris 1982, Stevens 1980), Choice ofwoutgroup
. species was made difficult by the inadequate understanding of the rethionship bejweem §a(hon p

. p
and Choeras. If these genera are sister groups, then Choeras species with relatively ‘p'lesiqupic

[y

character states would kg most similar to the last common ancestor of beth geneta and-would
' ' »

be rcqmrcd as an outgroup. If Choeras is paraphyletic to Sathon, then species similat t? Sathorr

species, wuh—;elameh apotypic character states, would be required. An iqtefmgdiate so'liu‘u'.on
was chosen to attempt to allow for both possibilities. Choeras species were chosen wh;sc-'f
character states ranged from pr.‘epondcrantl_\' plesiotypic to preponderantly apotypice Six species
were chosen: Choeras tiro Reinhard, Choeras consimilis Viereck, and Choeras sp. A‘_ B, Cv,agind
D. These six species were found to be the minimum number necessary to represent a reasonable
sample of variability in Choeras character states, from relatively plesiot);pjc states to apotypic
states similat to those found in Salhon. Choeras sp. D is in fact very similar in habitus to S.
lateralis-group species, except fdr the retention of a fully developed, setose metanotum and a

midventrally creased hypopygium.

€

.
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-
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Characters with more than on.c stalc in Sathon were cxamined in all siv species of
Choeras. Those wh.ich displaved little or no vériabihly in Chgeras specics were polanized with
the plesiotypic smcv ir;'Cho;ras and in the Sathon specics which shared this state. The aliernate
stale or states found in thhon. not shared with Choeras. wergclassificd as apan pic. ’I-or some
characters, more than onc state was shared between the gcnclﬂh?

L4
to infer ph)’logen)’. Mcre. states unique o Sathon species were classified as apotvpic, whereas

ut the character was still used

all states shared between the two genera were considered plesiotypic. since no single state could
4 L3

be chosen on the basis of the outgroup. Since the plesiots pic state is indicated by the fetier 2 in

table 1. multiple plesiotypic states arc indicated by the use of primes. most commonly 4", ’

Similarly, apotypic states that are considered to be independently derived in unrelated species

may bc designated bor b', ¢ or ¢, er cetera.

4.2 Characsers and States

J

.

Table | contains characters polatized by the methods discussed above. Character states

N

are coded alphabetically, with state a pleéiolypic. C?raclcr states that increase in alphabetical
order are considered inc*rcasingl)' apotypic, although somc‘charac(crs exhibit loss or reduction
states which are considered apotyvpic and are coded -b. Characﬁlgr 915 an L{xccpnon to this
mvethod. The five states, 9a to 9e, donot Torfn a transformation series, but each must be.coded.
Also, character 28 is.exceptional in that there are two states lhax have been coded as piesiotyprc,
28a and 28a’ (sec below for discussion of ;haraclef’and 28). F-or most characters with more
than two states, transformation series are implied by alphabctical order of codes. Chargclers

are numbered in the order that they appear on the’tladogram, for increased correspondence

/
/

{ #

>
For most characters, especially autapotypies, polarization was straigtforward. Here,

between table | and fig. 137. ;-

all six species of the outgroup had the same statc, and the distribution of states within Sathon

B
L]

®



-,

&

was completely congrueﬁt with lll{c‘r‘econstrucled phylogen}’. The discussion of thesc characters
rs minimal, since most of the mrli?enl information is‘vgiven in table 1. Characters necding no
further discussion arc nl;mbcrs 3.7,8,13.14,15, 16,17, 18, 19, 20, 21, 23, 24 29, 31, 32,33,
35,36, 40, 41, 45,48, 49, 51 and $3. Somc Mraciers with missing data points must be used
with caution, but their known state distributions are otherwise congruent with the reconstructed
phyvlogeny and their palarimtion rcl:;li'\'cly straightforward. These characters arcA numbers 1. 25,
26, 27, 30, 319, iz_w 47. Characters 6 and 9, also with missing data points, requirc funhcr(

disclission because of other problems in interpretation.

L, S .
Chagacters that are more diificult to imc%rcl requirc some discussion, including
¢ -4
information on variability of the outgroup, polarizgtion method and points of congruency of
. . - ‘

inéongrucnc_\" with the phylogenys These characters are hstcd herc.%h the following distussion

. I o ? ] ] : . '
somc specics names are joined witha "+ ', These species are considered to represent members

" [

of a monophyletic iineage.

N

Character 2. Hypopygium, setation. Three character states: plesiotyvpic -moderately v

QY
v

sctose (fig. 91)(2a); apotypic (two'states) -setosc area small (fig. 118)(2-b), and setose arca
large (fig. 18)(2b). Difficulty in interpretation of l\m’s character is in the variability of ) ]

hypopygium structure %Choeras The desclcrotizcd_.,striale porlion of the hypgpygium is,

~asetose in omigroup species. Thus\hstr’uuon and dcnsnty of setae is dependem Qn the size of

ths area in Chceras but nol in Salhon Intwo oulgroup species. Choeras sp. C and D, this

desclerotized area is limiled toa .midvensigl crease, and the distribuggeef_hypopygial setatior oy

s Lomﬁarablc to Sathon. Apoup:c increases and decreases are hypothesized from a moderateu

setosc hypopygiun. There is a'pparenl homoplasx between S. laiwdorsum and the S.

. ’ : ) ol * »
lateralis-gfoup. S - ' ‘ , . .
» . .‘ * 'Y A ' - . ) . ‘
;CharaCLer 4. T2 of the metasoma, lateral groove shape. Three character states:
 plesiotypic -nearly straight (fig. 127) (4a); aPOl)'PiC".(IWO_,Sléles) -curved at base, with T2~ .°

. . : ' . .
goblet -shaped (ﬁg. 13) (4b), and o%ured by rugosity (fig. 73) (4b'). This character was®

° . 4

¢ - -

" B - ‘ Lo ; . ] . >
'N ) L ) ‘ v
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difficult to polarize because only one outgroup specics, Chggras sp. D, has a sublria?mfznlar T2

of the metasoma similar to that found in Sathon. This species has nearly straight lateral

grooves. Also, state 4b’ could have been derived from cither of the other states. Only W \ !
»
congruence with the reconstructed phylogeny-indicates that this state is derised from state da.

Charagter S. Sculpture of the lateral pils of the metanotum. Two ch”imclcr’xl'ilc\'
plcsnot\plc comp]ctel\ sculplured (fig. 12) (Sa); apotvpic parllalf\ smooth (fig. 126) (5h).
Differegce in suycture oﬁe mu‘nqtum betwecn C hoeras and Sathon causes some difficulty
in polarizing this characa*he#nelanomm of Ohoeras Speuu is complele, wnh a much larger
and more variaply sculptured pit in the oulgroup. Howcvcr,,lhc. Rieral pits in Choerawepecics
have a groove alor;g the posxgrior margin which is apparently homologus with the lateral pit of

Sathon Species. This groeve is completely sculptured in the outgroup. and this is considered the

* ~

plesiotypic state.
N

Character 6. Paramere, apex shape. Two cﬁaracter states: plcsio’ly"pic -rounded (fig. '
22}) (6a); apotypic -tmncate (figs. 66, 121).(6b). The paramere of all outgroup males -
exarﬁ’;léd is rounded apical'lyyéx:ept in hoerz.z's tiro, where ii is slightly truncate. The pﬁra cre
of this species appears sim,ilar to lt)ét of °S. aggeris (fig. 66). but is less devcioped. A roué&
'par;xmere apex occu;s in nearly all other specie:s of Midoéastrinac exclusive of Sathon, and this
1s consid?req to be the plesiotypic state in Sathon. The truncale paramere occurfing in Choeras N

A
v

tiro is congidered 1o be an independent developmept.

, | | LN
Charactert 9; Second valvifer,’ apex shape Five charauer;laLcs plcsloupxc stYaxghl :
[ 4
and slxghth narrowed (ﬁg 16) (9a): apotvplc (four stmtes). -apically ni{mwed (ﬁgs 76 89)
4
(9b) apically expa‘aded (fig. 102) (9c) wuh sulures q_jlmmng an aplcarl arca (fig. 130) (9d)
N

“and curved and antenorly def lccted ( l;ngs }l 34) (9e) (all species of Choeras display 9a). For

= SR

this character alphabencal order» \(Q'hded"loﬁeﬂccl dcgrcc of apol\py nor are any
> . ""y& A‘ - \
transformation ser 1mphed al@%h tﬂl}: ;fay@onc that has not béen detected. I.ctier
. » = t“ .

codes, rathemh " prlm§s or negatwes/m:re uwd onI) bééause of the high number ol states

- ’ R N



found. The diréction of evolution of this character is not well understood. There may be

unresolved homoplasy. p

Character 10. Hind coxa, punctation. Four chasacter states: plesiotypic -&lincl.

cvenly scattered (fig. 14) (10a); apotypic (threc states) -obscure (fig. 128) (10b), vety

a

indistinct or absent (fig. 44) (10c) and limited to a midlateral band (fig. 114) (10d). States 10a
to 10c form a transformation scries that is incongruent with the reconstructed phylogeny, while »

state 10d could have been derived From any other state. It ISM state 10¢ is a reversal
» ‘ b -

in S. faleatus from state 10d found in its most closely related species. ’

ot
£
PR

Character 11. Metasoma color. Two character tates: plesiotypic -dark, ffém
rufopiceous to black with a white to rufofulvqus anterolateral spot (11a); apotypic -almost

b entirely fulvous, except for variably developed. rufopiceous to piceous areas on the b%

apex of the metasoma (11b). The apotypie:state is apparently independently derived in all three -

A

* "" . ; . - . .
'?pecies that dispﬁy it. S. neomexicanus is polytypic for this character, with a range of states %
ey )
. . . 4 .
from plesiotypic to apotypic, with intermediates. - -

‘

v Character 12. Propodeum sct;_lplure. FQur character states : plesiotvpic -moderately
devcloped fine wrinkles (fig. 12) (12a); apolypie"(threc states) -laterapically rugose and
carinate (fig. 72) (12b), markedly areolate-rugose over whole surface (fig. 55) (12‘, and
ncarly smooth (figs. 27,‘:19) (12:b). The last state /i,s independemlvy derived in the two&cies
i’hal display it, while states 12b and 12b' fon({.p/ossible transformation series that is

. incongruent with the reconstructed ph\jlogeny. ‘

Charaher 22. Melanotal mndpu shape. Three chasacter states: plesiotypic -sides
¢
nrregular or, curved in some specxmens shghlly amenorly dnvergent (fig. 27) (22a); apoty p)ﬁ‘
(two ‘st;les) -sides anteriorly convergent (fig. 49) (22b), and sides anteriorly divergent (ﬁg. :

112) (Zi-b),. An apparent transf'ormxigm series extends from anteriorly divergent, through

. . ?‘J i . . . .
straight or curyed, to anteriorly convergent (or vice versus), but neither is copgruent with the

. 3 v
aa,a‘!a

. ﬁr
B N
¢ B . -

-
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rewpnstructed phylogeny. The median state is considered plesiotypic, with other states

independent and morpha'ogically opposile apotypics.

Character 25. Third:'alvula. shape.”Thrcc character states: plesiotypic -straight (fig.
16) (28a). or slighll)' decurved (fig. 53) (28a’): apotypic -markedly decurved (fig. 130) (28h).
States 28a and 28a' arc found in both genera as two discrclé states. It is nokl possible to
confidently assign an a'polypic pblaril,\' 10 cither statg because of l>his distribution, although onc

. . . . . oy " . : .
statc is presumably apotypic. This character is useful, dfspuc coding of two stales as possibly .

plesiotypic, since state 28b remains a useful synapottpy for those Sathon species that display it

: ‘ .
Further study may give greater resolution of the evolution of this character. . - ' '

T ’
'S : -
Character 34. Sculplu.;‘ T1 of the metasoma. Threc character states: plesiotvpic -

h g

moderately rugose overall, with sculplurc reduced in the mediobasal groove (fig. 13) (34a);

apotypic (two stale( -entirely markedly rugose (ﬁgs 56, 86) (34h) and reduced lo\\

\

lateroapncal punctures (fig. 50) (34-b). Both increases and decreascs in sculpturc appear from

the median state. Differences between species in type of sculpture in state 34b indicate
'3 c p p
. )  §

. ¥ 1§
irfdependent origin twice. .

) > - ~ S
b v L4
Char{cwr 38. Ovipositor, decurvalurc./}-’our characlcnstales: plesiotypic -stightly :md
, AN

evenly decurved over ost of length (figs (¢ 16) (38:1) apol»pxc ((hrcc stalcx) markcdl) and \l
evenly decurved over most of length (fig. 10") (38hb), markc‘dly dccurvgd ata lm:x slightly -
decurved el§ew'hcre (flg. 116) (38b'), and with a sharp subapical kend, slightlyjdecurved or
straight apicad and distad of bend (fig. 89) (38h''). Two sla.lcs appedr in the oulgroﬁ;:. 38a and
a state similar to 38b' but markedly les“s developed. Since the latter gtalc docs not appear in
Sathon, the former s:ale. 38a is classified as ples:iot)'pic. The high degrec of diﬁintlhcnéss "

among states prevents fesoludion of possible transformation scrie: o ¢
. 3

Character 44. Ovipositor lenglh/ hind tibia length. Tlugcharactcr states: plesiotypic

b3

-ratio approximately 1.0 (44a); apotypic (two states) -rauo%oxlmalely 1.5 (44b). and

]

"\is‘»
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approximately 2.0 (4.4('). The plesiotypic pears interspecifically variable, ranging from "
approximately 0.75 to 1.25 in both gencra. Several possibly discrete states may be subsumed
undet the plesiotypic coding. buit outgroup variability prevents discrimination of othet apotvpic

states.

[ 4

Character 46. Third valvula length/ hind tibia length. Two character states: plesiotypic
-1atio approximately 0.75 (46a); apotypic -ratio approximately 1.0 (46b). The plesiotypic state
appears interspecifically variable, r#ging from approximately 0.60 to 0.85 in both genera. As

for character 44, recognitfon of scvegl possible apotypic states is prevented by high'ariabilily ) ?
in the outgroup. ‘ ‘ -

3

Character *Occipm of head, indentation. Three character states: pfcsiotypic
-narrowly and shallowl}’indcnled (fig. 1) (503); apotypic (two stalcs) -broadly and shallowly

indented (fig. 103) (50b) and broadly and deeply md.ned head appearmg ped in t

B

dorsal ct (fi 1g 134) (50c) Thesé states forman apparent Lransformauorf series that is
L

" incongruent with the reconstructed phﬂ)genf unfess state S0a in S neomexicanus is a reversal.
!

Cha;acler 52. Hypopvglum apex&shape Two character stdtes: plesiotypic -apex entire
and pointed (fig. 118) (52:1) apotypic -a marginate, flaitened in lateral aspect (fig. 132)
(52b). Both states appear in the oulgroup?r::rginal.ion'of the apex, howev:r, i found in
C{zoeras species with a large desclerotized éﬁd slriale: r'nidvcmr;l areg‘. C hoeras speciesﬁ?glh‘lhig% ‘4
-, arca reduced, and the hypopyginm more c:omparablc to that of Sathon épeci\cfs', display state '

AP : .

S0a. K ;o
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4.3 Reconstructed Phylogeny

The rcconslruclcuhylogcn_\' of Sathon species is given in fig. 137. Species that have

more plesiotypic characier states are placed toward the left side of the cladogram, while those
e A ’ ”
~ with morc apotypic states are placed toward the right, within the constraints of the branching

pattern. Hence, the S. late?alis-group as a whole is considered more plesiotypic overall than the

S. falcatus-group, while S. neomexicanus and S. falcatus are considered 10 be the most apotypic

L 4
0 I of all Sathon species. This is also refiected in the placement of species in sister specics

th the species lo the right having more apot¥ pic states. All apotypic staes of a specics
' - LR

s ° . » . .
net shared with the sister specie§ or 'group are listed beside the branch representing that species.
! . .
. - T P e *”’ S Ay

Each dichotomy is supported by at least oné a.potypxc character state. Apot)pxc states
that support.each dichotomy are listed beside the black square used 10 indicate apotypic states.

L 4
Character numbers are as listed in table 1, along with the letter code for the state of that

. ' ~
character which occurs at that branch.bicholomies are given leuereod)s in upper case whose

order approkimately corresponds to the phylogenetic sequence. Generally, a greater number of
_ N .

apolypic states occur in dichotomies 16 the right of the cladogram. This is due in part to the.

- overall apotypy of the S. falcatus-group r€lative 1o theg. lateralis-group. Also, there is

w

accumulation of multistate characters that have)thc:r m?st apotypuc states in §. neomexicanus

and S falcatus and form transfow\atlon series that are important mdlcalors of phylogeny. This

ﬁl

is shown by the appearance toward the right of ¥haracters whise numbers have appeared in

more basal dichotomies.
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4.3.1 Synapotypic character states

%

Many character states are shared amor;g Sathon specics and apparently contain R
information about their relationships. ThC)_ are presented here as discussions’of dichotonies.,
and ar¢ ranked fbr reliability . Characters are driscusscd in the order that they appear on the
cladogram, in terms of support offered for each side of a dichotomy . + requent r@l'crcncc 1o

table 1 and fig. 137 will aid understanding of the following discussion.

Of the synapotypics for the S. Ialergh‘ygroup (left side of dichotomy A, middorsal

desclerotization of T6+ T7 of the metasoma (charactes 3} is considered the mos¥ rébable. There o *

.

are no missing data points and only onc apotypic state*The-middorsal debclerotization is cither

marked or very slnght For character 1, female gcmlaha -are not mmplctcl»known for all
Sathon species, so there are missing data points. H)po;ygxal schla‘;mn (character 2) is difTicult

<
10 polam.e (see above), and also displays homoplasy in the development of a densc]y sclose Yy
hypOpygxum in S. lateralis-group species and . .Iaewdorsum The obscured lateral groovc's of‘ .

»

4.‘

the metasoma (character 4) of S. masoni + S. cinctiformis could have been dcrivcd from the
state fouﬁd in S. laterafls-group species. The pattern of evolution of this character is uncertain

and its value as a synapotypy fog the S. lateralis-group is reduced.
. . P N

Both characters S and 7 are considered reliable synapotypics for the S falcatus-group

-

(right side of dichotomy A). Lateral pit Sculpture (character 5) varics n thc S. /alcalus-group
‘

and iwis difficull 10 po}ahzc states (scc above), but states are dnsunct antl lher,c S  NO appancnl

.‘« \

homoplasy. lmerprelauon of. ltmdﬁa*vula sculplure (e}praqtcri‘)‘

l,‘""

Mason (1981) has notcd !

N ‘..

members of the tribe Micro‘smm fa
4‘

v

2

- - - (’
paramere apex shape, there are mxssmg data pomls and seﬁf dl;;tcully in polari“;\lio'ni(scc
above). For character 8 there is a transformation SCTigs, bui angulale hypopygiuni of S. mason

E

+ S. cmcu formis could have been derived from the ples:otypm state of the S. /ateralis- group

This reduce?%l“of lhe specialized hypopygium as a synapotypy for the S. :

-



" Jalcatus-group.

Only one apoty or dichotomy B. The threc species of the S. lateralis- group

arc very similar to onc a‘o ith S. papilionae and S. eugeni having few apotypic states,

%
and S. lateralis appat h none. S. papil:onac + S. eugeni share onc of the lew apotvpic
. pcues Character 9, shape of the second valvifer apex, chsplays

onsidcrable variability . Thcrc may be unresolved transformation series and thcre are missing

states in S. lateralis

a points iff those species where females werc not dissected. Allhough this character is of the
female genitalia, which seem (@ be important in the evolution of Sathon species (see sect.

4.3.4.1). the phylogenctic arrangement of the S. /ateralis-group should be considered tentative.

~ Of the characters suppdru'ng the left side of dichoxomy C.c )aractcrs 13 and 14 are

<&

t  considered the most reliable. Both the slongate tarsal claws and hind wmg/SC+R bulb are
L /,1

distinctive states that are apparently uniquely derived in S. laevidorsum + S. aggeris. Character

$tate 15b, Cu ¥cu'a sinuagn. is Nso apparently uniquely derived, but the plesiotypic state of
this vein is vériablc in degree of curvature. Sﬁa.pc of the mclanplal midpit (character‘22)
L4 » ‘ »
. displays a three-state phenetic t'ranSformalion series, but with the intermediate character
# considered plesiotypic. Alternate polarizations, v-/ilh ci'thef anteriorly ,convergen'l or ‘anlcriorlf'

-

divergen( siates classifiéd as plcsioiypic,would change the phvlogenetic informatioa this

- character contaif®. . : * ,

A

Numcrous characlers support the right side of dichotomy C.‘o?ﬂu’c‘l*&%\racter /29 is
,gonsndered the mosl relza'ble Shgh:.l» versus markedly widened o%osnor bagfs ate dxsupqg, and)‘?
the markedly wndcncd base is apparently umquely derived. Characmcr 10 is hxghly vaned
displaying homoplasy in reduction of hind coxa punctures in S\ eugem’ and S. falcatus. If the
limitation ot: hind coxa punctures to a midlateral band is assumed 1o be s;mapotypic for species
on the right side of dichotomy C, then the uniformly but slightly pupdale hind coxa of S.
Jalcatus must be a reversal. As mentioned above, character 22, shape of the metanotal midpit,

‘ .g &'&’ ‘is dif ficgll to imerprct. Characters ZS to 27 are of the rqale ger;italia. and display missing déla

,.‘!00
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y

€ 5y ~
0
Ll

- ' -

poin;s. Although these characters are considered impor'lant ir; later d'i'&m;dqlicc {sec below),
one of the specics resolvcgj by dichotomy C is missing this information. ThL: ‘hapc of the

: .
posterior margin of the metanotum (character 23) is vaticd in .sp'i;; ics with the apotypic sate,
implving that the concave margin is labiic and perhaps not uniquely derived. (‘h;n;aclcr N,

length of the midtibial inner spur, is considered moderately reliable. but daes display some

variability of spur length in the plesiotypic state. Variability of the outgroyp for®haracier 2%,

" ’ é
- third valvula shape, necessitates classification of two states as plesiotypic . Yhis variabihty

reduces the value of the apotypic state as a synapotypy .dand incompicte resolution of state
']

polarities may obscure homoplasy . -

All of the characters on the left side of dichojomy D display some probiems in
interpretation. Characters 4 and § arc considered the most reliable. although they share a

similar prgblem in interpretation. Both the obscurcd lateral grooved of T2 and the angulate

posterodorsal margin of the hypopygium could have bccn.derived from either alternate state for

cach character. While this does not markedly affect the value offthese Slalesay napotypies fof
h ,

i

S. masoni + S. cinctiformis, it does affect their placement relative to other species pairs. For

character 9, second valvifer apex shape, the patfern of evolutioa of states is unclear, and

-

althoagh the reduted state found in S. masoni + S. cincly formis is unlikely to be ancgstral to
any other state seen in Sathon, uncertainty is caused by the, obvious lability .this character '

displays. Character 12, propodeal sculptyre, has been dstsscd above. The similarity of
e . . r

laleroapiéall_\" sculptured states in S. masom and S. cincli forrhis indic,au:s that this is a
synapotypy. for these species, bt there is a similarity at least in trend in S. aggerss. L.ength of

the second valvifer (character 30) in unknown in two S. Jalcatus-group species, and is probably
» ! Y ¢

functionatly ct’)rrelaled with the narrowed and reduced apex shape found inDS.. masdni + S..
) ; ) ek
cenctiformis (character 9). . ‘ L

The right side of dichotomy D is suppo:tcd by niﬁe synapoty;?ies. The most reliable of®

these are binary characters 40 Qnd 41, and multiéi_alg character 44. Also given considerable

»
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‘

weight are gnultistate characters 25, 26, 42 and 43, although there are missing data points (or
these charaguers. They arc considered important because they display transformation senes,

whos¢ clear €1 of slaréﬁlcharaclcr cvolution give increased information on phyvlogeny .
\]

f
1 :
. Although such characters appear in dichotomy C, these characters offer the most resolution in

dichotomies D) through l:’. Characiers 40 and 41, oral plate color and T2 posierior margin
shape, are of unique derivation and arc very distinctive. The oral plate is cither unicolorous or
has dnslinu pigment lines. The posterior margin of T2 may be \‘::rmbl) cunvaed n the plesioty pic
state but is nearly straight, whereas the apotypic state 1s markedhy bisinuate. Ovipositor length

\character 44) is variablg in the plesioty pic state, but digplayvs a clear apotypic increase i S,

K

‘circumflexus ~ S. neomexicanus + S. falcaus. Characters 25,26, 42 amNR are male gémlul
characters which display obvious transformation series in spite of missing data points (table 1)
Character 2, hvpopygial setation, displavs an apotypic reduction 0[" setac i Soctreum flexus -
S. neomexicanus + .S. Jfalcatus, but _inlcrprclalio_n of polarity of th¥ chayacteris uncertain (See
abovc). Character 39 has midsing data points and does not di§pla) a Yransformation scries.

There is some variability in degree of sclerotization of the basal fing in both states. and the

more sclerotized state may be functionallv correlated to character 43, presence of basal ringe

carin}c .

The placement of S. neomexicanus and S. falcatus as sister species i dichotomy b
supported by characters of the male and female genitalia. As in dichotomy D, mulustate

characters with apparently clear transformation series are important, comprising four of the si,

s

characters and displaying their most apoty pic states in S. neomexicanus ~ S. falcatus. ,
Characters 44 and 46 are considered the most reliable. Both are characters of the female

genitalia and display no missing data points. The plesiotypic states of these characters are
N < .

»
variable, but the states*classified as apotypic are dis;ingxiw;(fharaucr 47 has similar attributes,

but displays missing data boims. Characters 42 and 43 are of the male genitalia. They display

transformation series, but arc given slightly less weight because of missing data points.

.

Ovipositor shape (character 38) displays three apotypic states in the four species considered
' ’
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13

most apotypic overall. Although neither of the states in S. cinctiformis and S. circum flexus arc
” . .
similar to the apically decurved siate found in S. neomexicanus + S. falcatus, there may be an
. »
unresolved translformation series, with the entirely decurved ovipositor in S. circuMus
denived from the apically decurved ovipositor. However; cach of the three states is distinctive

cnough that they all sho@thc\samc degree of divergence from the ancestral state, aud there is
\

no information on function to aid in hypothesizing an cvolutionary sequence of states.

L

4.3.2 Autapotypic Character States

There arc apotypic character states given for each species on the cladogram except §.

. : \ ) : :
lateralis. Some of these states are autapotypies. apparently unique to a specics and derived only
once. (Mhers are apotypic states not shared by the sister species or group, but the same or

‘similar states may be found in other Sathon species. These are not strict autapotypies, but have
. <
s .

a similar function in the cladogram when differenjiating between sister species and deciding

position on e cladogram based on the number of apotypic states each species has.

No apotypic states were assignable to S. lateralis that would differentiate this species
from other members of the §. lateralis-group. There arc characters whose states are unique to
S. lateralis within the S. lateralis-group (sec table 3), but these could not be reliably polarized.

Apolypic states in S. lateralts 2ge synapotypic fQr the entire species group (characters ] o 4).

S. papilionae is apotypic for character,12. The reduction of propodeal sculpture found

in this species is also found in §. laevidorsum. This siate differentiates S. papilionae from other

S. lateralis-group specics, but displays homoplasy. ‘)

There are two apotypic states in S. eugeni. In both characters, 10 and 11, there are
multipie apotypic states and apparent homoplasy. In character 10, hind coxa punctation, the

state in S. eugen: is unique in that punctures are more completely obscured than in any other
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- ' \ P
~ ~Sathon species. A possible transformation series may be seén in the modc[ascly obscured
punctation of the hind coxa of S. falcatus. This may be considered intermediate between t.;'tc
fully punctate plesiotypic state and the state in S. eugeni, but the fesulting transformation
- . “.
Y

. _
series is incongruent with the reconstructed phylogeny. In character 11, a predomingntly

» fulvous metanotum is shown in S. eugeni. S. cinctiformis and somce specimens of S.

neomexicanus. Fach of these occurrences is considered independently cvolved.
,, >

S. laevidorsum is apotypic intthrec characters that are plesiolyfic in its sister species, S.
aggeris. Character 16.i§; autapotypic. The sclcfoxiz,ed'bar;(l within the desclerotized third v\lvula
apex is found only in S. laevtdorsum, and although this apex ghay vary in shape and size among
Sathon species, it i§ always uniforrﬁl_v desclerotized in the plesiotypic state. Character Jand 12
display homoplasy. The dense sc&aliop of :hc h_vpo.p)'ium of S. laevidorsum i~ apparcml)““;al.so a
synapotypy for §. 1ateralis-éroup species. As mentioned above, both S. papilionae and S.

‘ laevidorsum have a rclativei)‘ smooth propodeum. [n addition, S. Iaevtdo(sum is apotlypic in
character 34, with a smooth metasomal T1, unlike its sister species which has a different
apotypic state. ,

”

S. aggeris is apparently a very autapotypic specics, considering its relatively basal

placement in the S. falcatus-group on the cladogram. Four of the 4cven characters (nos. 17, 1§,

~\
20 and ‘3\1;) listed for this spevhmapmyp‘ics. with unique dt\:rivations. Bach of the states,
marked sexual dimorphism,'Tl bulbosity, angulatec metapleural carina and striate propleuron
are distinctive and‘markcdl)' differetiated from relatively inwariable plesiotypic stajes.
Propodeal sculpture (character 12) in S. aggeris is uniquc within the genus, but propodeal
sculpture is varied in both Sarkon and the outgroup. The state of character 19, rim of the

' posterior margin of the metanotum, can also be considered au‘tapotypic. although-a

transformation series may occur if the slight rim in other Sathon species is considered apolypic.

S. aggeris is also apotypic for character 34, with a markedly sculptured T1 of the metasoma

that is unlike the apotypic state found in its sister species S. laevidorsum.

S \
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S. masom is apotypic for fh:;}‘ﬂ; 31 and32. Both states are apparently unique
“derivations and therefore autapotypxc in S. masoni, but the plesiotypic states of both subaplcal
ovipositor constriction and propodeal spiracle placement are variable. Further resolution of

)
these characters could yigld other apotypic states and possible transformation series.

S. cincllfor}nis has apot ypic states in seven characters ndt shared ,with lhc sister species, °
S. masoni, the greatest number found f or one species. Unlike S aggeris hoycvcr, these are not
primarily autapotypics. Only three of seven, chéraclers 33, 35and 36 are autapotypies. S.
cinctiformis is one of the lighiest colored Sathon species, as can be séen in the autapotypic .
fulvous color of the antennal scape (character 33)Aand third valvula (character 35). S. |
_ cinctiformus is also one of three Sathon species to independently develop a fulvous metasoma
(character ll) S. cmcuformls is autapotypic in third valvula setae (character 36), with
bent - nppcd sctae near the apex of the valvula. In character 34, the rugosity of T1 of lhe
metasoma in S. cingtiformis displays some similarity to the state found in S. aggens. Rugosity
of the rﬁelapleuroh (character 37) is unique to S. cinctiformis, but there is another apotypic

state in S. neomexicanus. The apotypic decurvature of the ovipositor (character 38) in S.

cinctiformis is superficially similar to that of . neomexicanus + S. falcatus.

S. circum flexus is apbt_vpic for four characters, 9, 38, 45 and S0, but only character 45,
shape of T2 of the metasoma in males, is an autapotypy. Charact\eh9, second valvifer apex
shape, is highly variaBIe, with uncertainty in ordering of smlis (sec above). This is also true of
ovipositor decurvature (character 38). Occiput indentation (character 50) displays an abparem
transformation series, with the state in S. circum flexus intermediate between the plesiotypic

state and that found in S. falcatus. However, this transformation series is incongruent with the

reconstructed phylogeny unless the plesiotypic state in S. neomexicanus is a reversal.

S. neomexicanus is autapotypic for characters 48, paramere apex truncation shape, and
49, 3Rs apex curvature. The plesiotypic states of both characters are variable. Fulvous

metasomal color (character 11) has apparently been evolved three times in Sathonandis
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polytypic in S. neomexicanus. The markedly punctate metapleuron (character 37) of S.
neomexicanus is unlike the apotypié state found in S. cinctiformus, but is not considered an
autapotypy. The apotypic state of character 47,T9 height/ length, represents the most apotypic

state in a transf ormation series.

@ ‘ %

S. falcatus is autapotypic for characters 51.°52 and $3. This species alone in Sathon has

a'ventrally narrowed oral plate, an apically emarginate hypop_v"giulh and a wide band at the base

of the paramere. Other apotypic states include a state of the highly variable sccond valvifer

apey, (character 9), an apparent intermediate state in hind coxa punctation (character 10) and a

«

decply indented occiput (character 50). The last two characters represent states in

- '1
transformation scries that are incongruent with the reconstructed phylogeny.

*

.

. 4.3.3 Homoplasy

Characters that display Ah({)ﬁoplasy in Sathon have been noted above, under. the
discusion of characters and the reconstructed phylogeny. A brief summary is given here and ink
table 2. Homoplasy is considered 1o be presenvl when the distribution of a ;tatc or states is ‘
incongruent with the reconstructed phvlogeny, displa‘ying pérallelism or convergence. -
| Incongruence is judged on the weighU 6T evidence, since n:mst of the characters in table ]
support the reconstructed phylogeny. Homoplasy is exhibited by cha'raélcrs 2,10, 11, 12, 34, 3%
and 50. In characters 2, 11 and 12 essentially identical a;.votypic slatcs arc in non-sister groups.
haracters 10 and 50, apparent homoblasy involves dissimilar sia;cs that may t‘;re considered
A '

_ membdys of transformation series that are incongruent with the reconstructed phylogeny.
Characters 34 and 38 have states inxnon-sister species/lhal are sirpilar in general and display
 similar direction of evolution, but are differentm detail. This difference is assumed to indicate

different origins of the states. For character 34 there is an increase of sculpture of T1 of the

metasoma in two species. For character 38 there is dccurvature of the ovipositor in three



8s.

species, yielding two different states. S .

v
o
)

There is a general correlation between characlér lability and homoplasy. Of the

. ,

characters listed abowc, only character 11 is binary. All athers areymultistate. Three of four

characters with four or.mo're states display homoplasy, chatacter 9 the exceéption. In this

character the direction of cvolution has not been well worked out. Just as there may be an

unresolved transformation scries in this character, there may also be unresolved homoplasy.

This is apparently a straightforward correlation between frequency or ease of character change

. through sclection or drift and likelihood that a particular state will arise more than once.

Also, there is apparehtly little homoplasy in characters of the genitalia. Only two
characters displaying homoplasy (2, 39) are of the genitalia, though genitalia comprise 26 of 53
characters used. This lack of homoplasy is a factor in the overall reliability of genital characters

as phylogenetic indicators.

At the level of taxa, common evolutionary pressures result in much homoplasy through

convergent developme'fu ol adaptations in unrejated species (May§ 1963). In Sathon, l'oo little

-
——

is known about life histories to understand common factors that might cause homoplasy. of any

states in table 2. For exampie, the similarity of states 38b' and 38b" for ovipositor shape may

<

b¢ duc to some host dependent factor. However, there are no hosts known for S. circum flexus,
females of which display 38b"', nor is it known what function apical decurvature serves in host

finding or penclxalibn. This inadequacy of undersianding is true for both homoplasious and
\ , ’ .
congruent cha;;acters. - ' Y

3 . 9.

o

Table 2 summarizes homoplasy in characters of 1able 1. Characters ar¢ listed by
number, with states displaying homoplasy or incongruent transformation series and taxa

involved.
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4.3.4 livoiutionar,v Trends

erge about the evotution of Sathon species and the characters

ires of cvolution arc examined at the level of changes in.

4.3.4.1 Features of Characters and Functional Complexes

L}

Characters of table 1 are in threc main groups: female genitalia; male genitalia; and
non-genital features of adult structure. Characters of the female genitalia that vary are those
associated with host [ inding and oviposition, those of the male genitalia are associated with
possible reproductive isolating mechanisms and those from the third group serve a wide variety

of functions.

N Female gennalia. Characters 1, 2,7, 8, 9. 16, 25, 29, 30, 31, 35, 36, 38. 44, 46, 47 and
52 arc of the female genitalia, including T9 of the abdomen and the hypopygium as a functional
complex. These characters make up the fargest single block from any one functiona! body part
(versus sets of characters from the head. appendages or other such grd‘ﬁpings). These
charactcrls z;ppear in each dichotomy of fig. 137 and could support the entire cladogram wittlolx_t
reference to any other character system. T:he’y also comprise the iiargcst block of multistate
characters in table 1 (7 of 18). Additipnally, characters of the female genitalia display littie
intraspecific variability, and little intéspecific variability in the outgroup or in Sathon species
that have plesiotypic character states. hese reasons, characters of the female genitalia ;sre

- considered very important in the evolution of Sathon and in the analysis of phylogenetic



relationships.

.

The factors involved in this divergence of female genital structures are uncettain, but
host type is probably important. Mason (1981 )\ ﬁfw,r\\'mlhcsilcd that evolution of female’
genitalia in the Microgastrinae is related to changeS in host preference. Rearing data for Salha.n
species indicate a wide range of host types. since plesiotypic spccic.‘x (S. lateralis and S. eugent) J
are solitary parasitoids of microlépidoptcrans. whilc apotypic specics (S. neomexicanus and §.

> . .
falcatus) are gregarious parasitoids of macrolepidopterans. Unfortunaicly, no host data are
: 1

kncwn for Sathon species lhai arlf intermediate in structural apotypy . Information on these

.

species might aid in und&s Mg sclective forces producing change in Sa¢hon female genitahia.

Length of' the ovipositor, for example. is correlated with physical location of the host. .
Plcsiotypic'S;ilhon-sbecics have relatively short ovipositors and probably parasitize lagvac that
are exposed, or ﬁcar the substrate surface (S. papilionae parasitism of Papilio zelicaon lv.ucas.
for example). Apotvpic species have relatively long ovipositors and probably parasitizc more
deeply hidden hosts (S. falcatus parasitism of Rhyacionia buoliand Schilf . for example).
However, there are no rearings of Sathon species with ovipositors of intermediate length. Also,

too little is known about oviposition behavior 1o hypothesize how hosts effect other characters,

such as shape of the ovipositor apex, shape of the second valvifer, etc.

Male genualia. Characters 6, 25, 26, 27, 39, 42,43, 48 and 53-arc of thc male genijtalia.
These characters appear in every dichotomy in figure 137 outside of the S. lateralis-group
(where two of three specics are not known from males). Four multistate characters are of the
malc genitalia, with distributions of states congruent with thosc of the female genitalia. Despitc
the absencc of data on S. papilionae. S. eugeni and S. laevidorsum, which are not kngwn from
males, the male genital complex contains much information on Sathon evolution . 50 malc

genital characters are considered important in analysis of relationships. As with female

genitalia, interspecific variability is high. while intraspecific variability is relatively low.

.



Interspecific differences in fale genitalia are generally regarded as functioning in
. reproductive isolation (Mayr 1963). species of Sathon that is known from males has a
distinctive cogbinasion of plesio- and apotypic character states that make male genitalia
diagnostic. T&alurc may indicate tha(imechanical reproductive isolation may be more

/ # important in Sarhon than in other Microgasirinae where genital divergence is low.

lOllm characters. Genital characters comprisc nearly haif (26 of 53) of characters used
* in the reconstructed phylogeny. The rcmainingr27 characgcrs are non-genital fcatures of adult
su.uclu?t\No single functional complex is dominant in this third block of characters, taken in
approximately .equal numbers from appendages, mMma and metasoma, akthough there are
few characters [tom the head. Most characters in this group arc more intra- and less
<imcrspeciri‘call_v variable than genital characters. This would indicate a lower level of
normalizing selection (gan on complexes that perf ofm the important tasks of reproduction and
host finding. However, some groupings in this third block of characters show enough variation

that they may be significant in the life histories and evolution of Sathon species.

Shapes of sclerites of the anterior end of the metasoma (T1 aﬁd T2) show significant
variation and are the source of many useful diagnostic characters, both in Sathon and in the
Microgastrinae as a whole (Ma\.qn 1981. Nixon 1965). In Sathon, shapes and sculpture olf Tl
and T2 also yield characters for phylogenetic reconstruction (nos. 4, 18, 34, 41 and 45. See also
unpolan';cd character 70, table 3). The selective forces determining states of these sclerites are

~

not understood, but differences in states may affect mobility of the metasoma, which in turn

may affect oviposition or copulatory behavior.

Sculpture is a prominent feature in the structure of Sathon species, in areas other than
T1 and T2 of the metasoma (See characters §, 7, 10, 12, 19, 21, 34 and 37, See also unpolarized
P
characters of table 3. nos. 55, 62, 63 and 67). In three species sculpture shows definite

tendencies, fog ggason unknown. S. aggeris and S. cincti formis tend 10 be markedly sculptured,

a convergenf cy with diffegent end results (compare figs. 55-63 with 81-88). S.



A ]
laevidorsum, as the name implies. tends to have reduced sculpture. The pattern of sculpture
evolution is unclear, given that S. laevidorsym and S. aggeris ate sister spécies. and lha‘t most
modifications in other species appear as autapotypies or unpolarized states not shared with

sister groups. Perhaps there is a component of genetic drift in sculpture changes.

4.3.4.2 Features of Taxa

The most marked phenomenon in the evolution of Sathon specics is the difference
betweerrthe S. /ateralis- and S. falcatus-groups. Species of the S. lateralis -group are very
similarde one another in habitus and display few apotypic features. Thcrc is hittle character
change or morphological divergence between species. This is demonstrated by the overall lack of
support in shared derived characters for this section of the cladogram (fig, 137). The only
synapotypic feature in this section of the cladogram is for very labile character 9, and there arc
no unique apotypic states in any S. /ateralis-group spccjes. In contrast, species of the S.
Jalcatus-gtoup have numerous apotypic stajes. Fach species has at least one autapotypy and
‘most species have several. Species are morphologically distinct from one another, as is shown

by the relatively large number of apotypic states that differcntiate cach species and its sister

group (fig. 137). —

This can be illustrated by examining multistate characters, which display the most
evolution. Only the 11 multistate characters which display no missing data points (no.s 2, 4, 8,
10, 12, 2%. 28, 34, 37, 38 and 50) are examined. S. lmerdis-éroup species are apotypic in only
A four of these characters (2, 4, 10 and 12}, and character chanéc occurs only in characters 10, 12
and 19.1In §. falcatus-group ;pecies there are apotypic states and character changes in all

¢
multistate characters, including those not listed because of missing data points.

This trend is particularly true in characters of the female genitalia. Female genitalia are

- rather uniform overall among.S. lateralis-group species, but undergo markedly more cvolu'liona‘if'q?‘

\ 'P/
- . - - 4
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, 9
in the S. falcatus-group. Each species of the S. falcatus-group is dikgnosed by its combination
of Plesio- and apotypic states, in those species where all gmale genital character states are
knqyn. An examination of female genital characters without missing data points (no.s 2.7, 8,
16, 28, 29, 31, 35, 36, 38, 44, 46 and 52) yields results similar (0 examination of multistate
characters. In §. }aerdu group species there is an apotypic';ulc only in character 2 and no
character changes, while in S. /dcagus-group.species tf\erc are apotypic states in all characters

- and chang%occms in all characters except 7.

’ ‘ 1 4
These two trends are not entirely due (o greater diversity of the S. falcatus-group. A

comparison of similar sized cladeﬁ. the S. lateralis-group versus the other thre¢ taxon clade (S.
drcumﬂexu: + 'S.vneomxa‘canus + S. falcatus), gives the same result. pch of the three
species in the latter groﬁp have an autapotypic feature, while the species of the S.
lateralis-group have none. The initial dichotomy in the’ S. circumflexus + S. neom;xlcanus +
S. falcatus cl;dc is supported by six synapotypies, two of which (characters 46, 47) are not
exhibited in any other dichotomy. This is not true of ary dichotomy within the S.
lateralis-group. Any species in the S.\clrcumﬂcm + S. neomexicanus + S. falcatus clade

differs from the others by at least f our apotypic states. The maximum number for any S--

lateralis - group species is two.

Differences beiween the two spccies' groups imply a difference in the types of selective
forces operating in them. Apparently, less structural divergence has been associated with
speciation events in the S. /ateralis-group. Speciatio\n may have been accompanied by habitat or
behavioral shifts that hav.c n;’;niﬁ;mly effected the structure of S. faeralis-group species, which
we have no information on. Fo; ;xample. both European species, S. /lateralis apd S;tugeni.
have been collected at the same sites and reared from-Amthophila fabriciana (L.s, but no
information is available on how these species might be partitioning this common host. This kind

of information is also lacking for other .Spccies in the genus,



. . - .

- »
' \

DAff Mh evolution of female genitalip between the species groups may be rclmﬂ
0 impomnce”o'f host shtﬂu ‘in speciation, since differences in female gcnuflu ate rolated to
differences in host use. It is possibic tﬁn speciation inl the S. /alcatus'(ioup is accompanied by
larger ecolpgical or Laxonomic changes in.host type :han n f.hc S {lateralis-group. although
-there are no data to. support this hypothesis. The onf two specics r;r the .S. falcatus-group fot .
whi.ch ‘hong: %QMn are a!lopalric s?s!et specics S. neomexicanus and S. falcatus. Both
atiack sod-liv%g noctuid larvae, but may do so th a different m;nner. S. falcarus parasitizes a
modcrately wide range of species in vanous habitats. a;\d this range might be differcnt 1han
that of S. neomex:canu's. S. lateralis and S. eugen: have been rearcd from a common host. but
S. lateralis has been reared from a wide tyxgnomic range of other specics, and the third
mcmbc} of the S. laleralls-grou; S. papiliopae has been reared from a macrolcpndoplcrin.

- -

Much more rearing of Sathon species is nefessary befor¢ a coherent explanation of species

group differences can be made. ' N

' 4
This observed difference in evolutionary trends, alonl with the branching pattern of the

reconstructed phylogeny, forms the basis for the organization of . Sathon into two species

- groups. Two monophyletic groups 'are defined, each supported by synapotypies and-each
displaying dif ference in degree of divergence among component species and between onc
another. Especially important is the difference in genital cvolution between specics gqi
Although little has been done to describe the genitalic variation in other members of the lr-ibc

Microgastrini (Mason 1981) it appears that this divergence of #enitalia 1s a distinctive fcature

-
.

of the S. falcatus-group.
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5. PHENETIC ANALYSIS )

5.1 Mecthods v

'*umcrous characters ghat vary sigﬁificanlly among Sathon species were not used (o
* reconstruct the ph_\"logcny of Sathon becausc of marked labilil_\’."'fhesc characters dispTa_v
numcrous states in both Sathon and the outgroup, and this is consideted a priori cvidence that
these characters are more changeable than characters whigh show only two states. despitc the
” possibility of undctected reversals. They display considerable variation in the outgroup, sofnc

5

displaying as wide a rghgc of states or wider in the six Choeras specics as is found in Sathon.
L < A ‘ :
Polarization of such characters was not possible with any degree of confidence. These
characters, listed in téble 3, also displayed a greater amount of ir(lcongruenc_v because of their
lability, among tl;cmsclves and when compared as a group to the charac'tcrs intable 1. Thi§ 15

apparently a straightforward coyalion bewteen frequency of change and likelihood that a

character state would arise more than once.

*
L

Whether or not such‘characlcrs arc useful as indicators of phylogeny, thev do contain
informalion about degree of divergence between Sathon species and character cvolutiQn. This‘
kind of information is interesting when considered with reference to reconstructed phylogenetic
relationships, especially when degree of divergence and proximity of phylogenetic relationship
are not correlated. Therefore, these characters, along with the polarized characters, weré
subjected to phenetic analysis, where polarization and other evolutionary considerations are not .

of great methodological importance.

* The characters of tables 1 and 3 are analysed with the Taxmap program, which is

discussed by Carmichael and Sneath (1969). Taxmap is a computer-operated program which
¢ -
performs a proximity analysis of OTU's (operational taxonomic units that can be defined as

93



¢ ! . 94
/ 4

individuals, species, higher taxa, ctc. In this study qu'.s are Sathon species). 11 also performs
., *

s
a cluster analysis using very sophisticated crilcriz}/( Carmichacl, Gedyge and Julius 1968). This

!
4

. L .. 2
program was used both because of its sophistigation, and its case of use and versatihty. Binary,

/
»

. . /[ : .
multistatc unordered, multistate ordered and continuous {( morphometric) charactors can be
uscd. Analysis may be unweighted, or. wﬁghlcd‘on the basis of the amount of information
- S

(approximately the number of stalesi‘éccur-ring)» cach character contains,

A taxometric map (fig. F38) is produced using the provimity analvsis and clustenng

information. This is a two-dimensional representation of the clusters, with circles exvpressing
{

cluster size and lines bclwech clusters representing linkage distance. Only the closest links are
displayed, with arrows on the lincs indicating the ncachsl neighbor of cach cluster. Fmphasis s
given 10 the closest links 1o reduce distortion 0cc1£ring when muitidimensional relationships are
graphi'cally reduced 1o two di.fﬁensions (Carmichael and Sneath 1969). The pnimary
disadvanlagckof‘ a taxometric map is that an ordination qQf species, such as that provided by a
cladogram.'i’s not produced. This makes a comparison of relationships between the
reconst/ructed, phylogeny and phenetic analysis more difficult, but it is compensated for by the
more éccuratc depiction of phenetic distances between clusters. To facilitatc comparison

between the two methods, a diagram of phenetic linkages is displaved adjacent to the

reconstructed phylogeny (fig. 139). o

° 5.2 Characters

Characters used in phenetic analysis only arc listed in table 3. Since characters in both
tables 1 and 3 are used in this analysis, the characters of table 3 are numbered consccutive 10
those of table 1. Species are arranged in phylogenetic drder lo be consisjent with table 1. States
of characters in table 3 are given number codes, as krcquircd by the taxmap program, and states

of table 1 characters are recoded numerically. States are ordered into transformation series

P



bascd on degree of morphological simiiarity whenever possible. For most characters in table 1,

\
stale a becomes state 0, state b becomes state 1. ete.. with primes being eliminated by
reordering o states or by coding independently derived states the same. Exceptions occur for
. 4
characters i which there is a negative state. These characters involv‘grccs of Jdevelopment of

!’

length, sculpture, cte.. where the leas. developed state is not considered the plesiotypig state
and‘is coded -b. Here, -h becomes state 0, state a becomes staie 1, state b becomes state 2 aftd so

on.

' An example of recoding is provided by character 12, propodeum sculpture. State 12-b
(snﬁoolﬁ) bcco'mcsgmlc 0, statc 12a (;w'rinklcd) becomes state 1, state 12b (lateroapically
rugosé) becomes SlalC‘Z and state lef-(areolatc-rugose) become‘s state 3. All states arc ordered
by dcg‘rcc ol similarity although this has the effect of ignoring character cvolution. For
example, states 12b and 12b' are phenctically similar and increase estimates of similarily

between species with these states, even though I hypothesize that they are independently

derived. Recoded states for character§ of table 1 are given in'lines 111 to 182 in appendix 2.
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5.3 Phenctic Affinities

~

Aﬁpcndix 3is a copy of the output file made by the taxmap program. This file has not
been modificd from its originavlv format, sines it is already organized for maximum sﬁlce ming
‘d legibility. Note that line numbers in the appendix refer to the data file and not to the text.
‘BOIh.V'cighled and unweighted analyses were pérformcd, with very similar results. Cluster
analyses are given in lines 383 to 423 (weighted) and 566 to 608 (unweighted) in appendix 3.
Information used to create the taxometric mapv (fig. 138) is given in lines 424 10 445, using data
from the weighted analysis. A lincar arrangement of species was also i)roduced. based on
phenctic relationships (fig. 13§). to display a comparison between phenetic and phylogenetic

links.

In both analyses, the only multispecies cluster is the S. lateralis-group. A§ seen from
the first number column of the tables of nearest ncighbors.analysis (lines 269 to 278 weighted
and lines 454 to 463 unweighted), the three species of the S. lateralis-group are the most closely
linked in the genus, niorc s0 than sister specics S. laevidorsum + S. aggeris (linés 272,273 or

. 457,458) and S. masoni + S. cincll/orrﬁls (lines 274, 275 or 459, 4}60). This cluster, cluster 1, is
~given as the only circle of positive radius on the taxometric map (fig. 138), all other clusters

'
i

- being single points without radiué.

In the S. falcatus-group each species is placed in its own single member cluster. Nearest
neighbors and the taxometric map show that sister species display close phenetic siinilarity.
/«J:!owe r, none of these species pairs are similar enough to be clustered together when measured
against the relative cohesiveness of the S. lateralis-group. Nearest ngighbors are S. laevidorsum
+ S. aggeris, S. masoni + S. cincﬁ formis and S. circumflexus + S. falcatus with §S.

o

neomexicanus also closely linked to S. falcatus. At a lower level of linkage, S. /aevidorsum and
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S. aggeris arc more similar to the S. lateralis-group species than 1o the rest of the .
falcatus-group, while S. masoni anid 'S. cincti formis ate linked 10 S. circum flexus + S. falcatus

+ S. neomexicanus (figs. 138. 139).

Figurc 139 displays the order of links in phylogenetic versus phenetic s)\l'cm\. linc
lengths do not indicate degree of divergence in cither system. Lines serve only 1o display the
order in which si)ecics are connected, with. inl‘orrﬁalion on mdrpholc;gical divergence grven in
the nearest neighbors table and the 1axometric map (Tig. 138)\. lL.inkage order for the phenetic
system \ias estimated from the ncarest neighbors tables. Both wcigh'lcd and unweighted analvses
show that links or S. laevidorsum and S. aggeris are closest with onc another, then with
members of the S. lateralis-group, then with S‘.‘mason(\(llin,es 172,273 weighted and 457, 458
unweighted). Links for S masoni and S. cincti formis are closest wifh dfc angiber. then with S.
circumflexus and S. neomexicanus, then with S. lateralis-group specics. The closest linkage of
the S. laterglis-group species in the S. falcatus-group is with S. /aevidorsum (lincs 269 - 271
weighted and 454 - 456 unweighted). The closest links of species in the S. circumflexus + S.
neomexicanus + S. falcatus clade are [irst with one another, then with S. masoni + S. -
cinctiformis, then with the S. lateralis-group (lines 276 - 258 weighted and 461 - 463
unweig%led). This is not totally congruent with the phylogenetic branching pattern (fig. 139).
The phenctic similarity between the S. fateralis-group and S. laevidorsum + S. aggerts supports
the hypothesis that the latter two species are relatively piesiomorphic within their species group,

since this similarity is primarily duc to svmplesiomorphy (scc characters of 1able 1, most of

which display state a in the'S. lateralis-group and S. laevidorsum + S. aggeris).

1

Another point of ingongruence between the phylogeny and phenctic analysis is the
placement of S. circumflexus and S. falcatus as nearest neighbors, with S. neomexicanus linked
Lo its sister species at a greater distance than S. circum flexus. The phenetic distance between S.

; .

J
neomexicanus and its sister species is caused by the presence of numerous statcs uniquc 0 S.

neomexicanus within the S. circumflexus + S. neomexicanus + S. falcatus clade. These are
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especially prevalent among unpolarized characters (table 3, characters 54, 60, 63, 64, 71 and

72), and may reptrescnt uniquc apotypic states or relaincd’ﬁaiomorphies. Hence. S. .
neomexicanus is phenetically divergent from S. circum flexus and S. falcatus. although there are ~»
not an cxceptionally high number of apotypics listed for this species on the cladogram (fig.

137) .~

Most comparisons show agreement between the two methods. All other sister species
and sister group relationships are supported phenetically. The order of'llinks among S.
lateralis-group species is the same in both phenetic and phylogenetic analyses. Based on the
order of linkages, a linear ordination of sbecies is the same between the two methods exce.p_l_for
the placement of S. neomexicanus and S. fa{catus (fig. 139). The differencc in clustering
wetween the S. lateralis- and S. falcatus-groups is the most important congruency between the .
phylogenetic and phenetic analyses. As stated in the preceding chapter (sect. 4.3), members of
the S. lateralis-group display few apotypies and few character changes, with a high degree of
similarity in habitus among species. Members of the S. falcatus-group are distinctive, with
numerous autapotypies, and are easily separaigd cve;l from sister species. In spite of the
addition of numerous unpolarized characters that display many incongrue;xces with the
cladogram, this difference in characlér evolution between the species groups is preserved and
quantified in the phenctic analysis. Hence. the phenetic analysis supports the classification of

Sathon species into two species groups, reinforces hypothesized relationships between species,

and illustrates some features of the evolution of the genus.

—



6. ZOOGEOGRAPHIC ANALYSIS

y ogeographic study is an attempt to undcrsl;;nd patterns in the distribution of
Mhow these pauéms_camc about (Darlington 1957). The distributions ol species are
girclated with past geological and climatological events that may have affected
i ‘;f‘} species under study or their ancesﬁ;rs. The most fruitful analyses are based

-

on reconstructed phylogenies, in which evolutionary and gco%raphical relationships among

specics are both considercd (Ncelson and Platnick 1981). Performing this analyvsis on the

geographical and evolutionary history of Sathon is diﬂ;icull, l.ike most Braconidac, few species
ha\;e been extensively collected. Ranges, the basic data of biogcographic study, afc certagnly
inadequately known for most Sathon species. Most species arc known from short scrics of
smecimens from one or a few localities. This makes interpretation of distribution patterns in
Sathon uncertain. Additionally, there is no fossil record for the genus. The only fossil
microgastrine known is Eocardiochiles, Brues, a very plesiotypic genus overall, whose
relationships with extant ﬁicrogastrinae are unknown. It is certainly not clos'cly related to
Sathon. Although the age of this foséil from Baltic amber is known (late Eocenc or Oligocenc)
it is of litile practical use in inferring a date of origin for Sathon. This creates a basic problem

in correlating speciation events in Sathon with past geological or climatological events.

’

An understanding of the geographical distribution of groups related to a taxon is of icn
of benefit in finding its possible arca of origin (Udvardy 1969). This method 18 of little use 1n
Sathon biogeography, however, since Choeras is an inadequalely known, cosmopolitan genus

whose phylogenetic relationship with Sathon is unclear sect. 3.2). The systematics and

biogeography of Choeras remain unstudied.

The center of origin of Sathon can only be inferred from the present distributions of
Sathon species, using the assumption that the range of the ancestor of the genys ts contained

within or represented by the ranges of its descendant species ( Darlington 1957, Udvardy 1969).

102
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Sathon is primarily Holarctic.-The only exception is S. aggeris, a structurally aberrant species
from South America. Given that lhg initial speciation event in Sathon probably resulted in a
North American ancestor of the . /;Icww-group and a Palacarctic ancestor of the §.
lateralis-group, then the ancestor was cither Holarctic initiatly or dispersed between continents
after arising on onc of them. The progression rule (Hennig 1966. Brundin 1966) hypothesizes
that plesiotypic species are closer to the ancestra) range. By this rule, the ancestor of Sathon
would have arisen in the Palaearctic region. The most plesiotvpic speciesin Sathon is the
Furopean S. lateralis, and thc most picsiotypic species group is the primarily Palacarctic S.
lateralis -group. Dispersal could have occurred either through the Bering land bridge or from
Europe into North America, since both routes were open fbr long periods of time (Matthews

1979).

Aliernately, the ancestor of Sathon may have been Holarctic. I we accept the
vicariance hypothesis that the range of a species must be continuous for that species to retain
its unity, and that long distance dispersal between Europe and N‘orth America was unlikely
after the opening of the North Atlantic ocean (Nelson and Platnick 1981), then the ancestor of
Sathon would have had a Laurasiam distribution. The initial speciation event in l.he genus would
have been dug ta the splitting of tpis range, perhaps by inundalior; of land connections between
North America, Greenland and' Purope. cherval such connections were in existence u;nil the
Eocenc, with bnc between Greenland and Scandinavia possibly lingering until the Miocene

(McKenna 1972, Talwani and Udintsev 1977). )

)
No matter which hypothesis is chosen, subsequent differentiation of North American
and Palaearctic populations occurred, giving rise to the first speciation event of Sathon

-

phylogeny (fig. 137, dichotomy A, Fig. 142).

)

The ancestor of the S. /ateralis-group was probably Palaearctic, since two of the three
S. lateralis-group species are European. The presence of S. papilionae in North America is

. probably due to dispersal. The geographical events coincident with the speciation event that

-
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gave rise to S. lc;:emlls and the ancestor of S. paptlionae + S. eugeni are unknown. S. lq;rall:
and S. eugeni are broadly sympatric. All S: lateralis-group species occur in' arcas where habitat
distributions have been markedly affected by Pleistocenc glaciations (Turckian 1971) and
geographical evidence of the initial speciation event has probably been obscured by these range
fluctuations. The distribution of S. papilionae on the west coast of North America leads to the
;ﬁculation that the ancestor of S. papilionae + S. eugeni may have dispersed 10 North !

/ America via the Befing land bridge. This, conn_e_clion existed for a long period of time, Mrom the
L.ate Cretaccous to the Pliocene, and again in lhc. Pleistocene (Hopkins 1967), s0 an

-

amoximale date for the invasion of the S. lateralis-group into North Amcrica cannot be -

given. Subsequent inundation of the Bering Strait, resulting in the isolation of Ncarctic and

Palaearctic populations, would have given rise to S. papilionae and S. eugen:. This hypothesis

leads 1o the prediction ﬂha‘l further collecting in the castern Palaearctic region might reveal the

presence of S. eugeni or other S. lateralis-group species closely related to S. papilionae whith

are currently unknown. This would fill in the rather wide geographical gap between western \—\

Europe a;ld Alaska, an area from which no specimens of S. laterélis-group specics are known, |
The ancestor of the S. falcélu.s-gmup appears to have been Nearctic. Five of seven

known S. falcatus-group species occur in North and Ce;tral America. This includes S.

laevidorsum, the ﬁlosl plesiotypic species overall in the S. falcatus-group. S. laevidorsum has

the fewest apotypic character states of any S. falcatus-group specics (tabje 1), and 1s very

similar in habitus to S. lateralis-group species. Presence of S. falcatus group specics on other

continents is apparently due to dispersal.

The first speciation event in the S. falcatus-group may have been caused by
north-south vicariance in North America (including México). This would result in a southern
ancestor of S. laevidorsum + S. aggeris, an;i a northern ancestor of the remainder of the S.
falcatus-group. Thjs was apparently followed rather quickly (in geological time) by the

dispersal of the southern species into South America, either by island hopping or over the
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Isthmus of Pamuﬁ once this was established in the Pliocene (Rosen 1975. Raven and Axelrod
1975). Another vicariant event may have' occurred relatively soon af tcrwal'd. giving rise 10 S.
laevidorsum in Central America and S. aggeris in South America. This may be related o the
movement of the Caribbean islands to their present positio;rs from a bridging position in the
arca of the present-day isthmus (Rosen 19'75). The relative amiquiyly of these events is
indicated by overall plesiotypy of these two species in the batance of their Quraclers. Also, the
large number of autapotypies superimposed on & plesiotypic ﬂground plan in 5. agyeris suggest
long isolation {rom other Sathon species, assuming all evolutionary rates to be dgual. Support
for this hypothesis might be gained if the Sathon fauna of South Arﬁcrica were mor;' intensively
studied. It would be expected that speciation in Son;th America would have kept pace with that
in North America if the ancestor of S. aggeris had been isolated for a long time. The result
would be a monophylc:ic lineag§ related 10 S. aggeris, of which 5Jggerls is the only known
representative. The braconid fauna of South America is very inadequately known, and the

possibility of the existence of unknown Sathon species is probably quite high.

The northern fragment of the S. falcatus-group ancestor gave rise to two species in J .
North America, the ancestor of S. masoni + S. cinctiformis and the ancestor of S. c;lrcum ﬂexuu"
+ S. neomexicanus + S. falcatus. The geographical component of this speciation is obsc;re.

All North American species have probably undergone considerable range flugtuations during
Pleistocene glaciations, which may ha:rc concealed vicariance events. Additionally, one of the
extant results of North American speciation events, S. neomexécanus, has become

transcontinental since the lasfiglaciation, establishing sympatry with all North American

species. This further obscures geoéraphic patterns for those spétiation events which had a
geographical component. The only piece of information that can be noted is that both S.

circum flexus and S. neomexicanus occur in the American southwest (S. circum ﬂéxus exclusively
s0), while neither S. masoni or S. cinctiformis occur there. Possibly the ancestor of S. .- s

circumflexus + S. neomexicanus + S. falcatus arose in southwestern United States as the result

of some range division. ,
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A habitat shift may also have been involved, although information wpporting zim is
scanty. While no inf Ol’mllio;'l is available for S. masoni, therc are specimens of it~et
specics, S. cincti formis. with label data indicating collection at sevcr;s; localities from marshy
areas dominated by sedges. In contrast, specimens of both S. corcumflexus and S neomexicanus
have been collecied from meadows, with a preference for high altitudes or high latiiudes . S.

.

neomexioanus has been reared from grass -cating noctuids. An cast-west vicariance dividing the
L ]
rin& of an'apparently t{;ﬂncoutinénul ancestral n‘u‘m) alyo have occurred, resulting in a
southwestern, meadow -living ancestor of S. circumflexus + S. neomexicanus + S. falcatus and
an castern. marsh -living ancestor of S. masoni + S. cnctiformis. Unfonunaiclv. n:c ancestral
habitat is unknown. There is little information on habitat preference for plchl)‘pi&S.
Jalcatus -group species. S. laevidorsum and S. agéem were taken from high -altitude locahities in
México and Ecuador that may have no r’escmblancc. 10 habitats of North Amcrican specics.
. !
Therefore, it is difficult to state whether the meadow or marsh habitat was ancestral, and lack
of iﬁformation on ﬁcological plasticity prevents understanding of how uscful such limited
habitat information might be. Certainly several species of Sathon, among them S. falcatus,
have wide ranges of host prcference. This may bc‘an indicator of ecological plasticity in Sarhon
) .Specics. ’ A )
_ ’ L4
The current distribution of sister species S. masont and S. cmcu/orhu display apparent
refugial effects. S. cinctiformis is a primarily southcastern s‘pccics, which farobabl_\ survived the
last glaciayion .soulh of the ice. S. masont is a northwestern species [ound primarily in Alaska, ’
aithough collecting of this species has been 100 inadequate to make firm statements about the
soulhérn limits of its range. S. masoni appears 10 have survived the last glaciauon in the .
Beringian refugium (Matthews 1979), with subsequent dispersal southward at the end of the |
Wisconsinan glaciation period. These two species may be the result of an east-west vicariance
event, perhaps related to climatic fNuctuation. Refugial isolation of two populations of the

ancestor may have been responsible for speciation, but since several glacial events have been

hypothesized for North America (Turekian 1971) it is difficult to assign a date to this ..
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occurrence.

Nothing is known about the geographic events, if any, involved in the separation of the

-

ancestor of S. circum flexus & S. neomexicanus + S. falcatus into two speciés. S. circum flexus
and S. neomexicanus are site-sympatric, and the range of S. circumflexus is entirely containcd
within the range ol':S. rleome.xicanus. [t is not known why S. neomexicanus could be so
ecologically plastic as 1o be found over most of Caq,;da and the United States but §.
circumflexus be limited 1o three southwestern states. S. falcatus, the other member of this
.cladc. is also transcontinental in the Palacarctic region. Apparently, the ancestor of S.
neoh:exicanu.s + S .f(;/calus had this trait of vagility and adaptability that is not found in its
sister specics S. circumflexus, assuming that there is nb collecting bias. A difference in range of
host preference mayv be involved, but lhel;e is no evidence to support lhis'possibilil_\'.

The presence of S.Lfalcalus in the Palaearctic region is probably due to diSpcr‘sal. The
large number of apotypictates shar'ed by S. neomexicanus + { Jfalcatus indicates a long

®

common history, and the dispersal c?f the ancestor of S. neomexicanus + S. falcatus into
Europe i‘.s probably the most recent event in the geographic history of the genus. it seems very
likely that this dispersal ogcurred long after the loss of a land connection between North

America and l:hropc, and that dispersal likely occurred through Beringia. It is not known,

however, whether this dispersal occurred in the Pliocene or more recently§ during th

Pleistocene. Inundation of the Bering Strait would result in speciation and the modern

dislri;)ulions. Both S. neomexicanus and S. falcarus are widely distaibuted inAheir respective

the dispersal o;,?'./_\\-_\'
papilionae into North America, an exact date for the reverse dispersal of the: | '

falcatus is not known, -
. ]

continents, appearing quite capable of extensive range enlargement. As wit

D

;

The above diseussion shows that much more information is needed about ranges,
habitat requircments and hosts before workable zoogeographic hypotheses can be proposed.
Speciation need not always be accompanied by changes in range, especially in parasitic forms

L3

"“‘faﬁ. ‘

+
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where host preferences form an important aspect of lifc history. The effccts of refugia and
pleistocene climatic fluctuations may have been a dominant factor in Sarhon distributions.

These factors have had their effects over the entire globe, even in tropical regions (Prance
s ¥
1982). A better understanding of host preferences and ccological requirements may allow
/ ’
hypotheses on which speciation cventy in Sathon may have had geographical causes and which

might be attributed to other agents. Also, this type of information may aid in understanding
how ranges of Sathon species were effected by climatic fluctuations, and how modern ranges

might be r-:+ . ancestral ones. Without such information, the scenario presented above is a

very tenta §5 Ae.



' ﬁONCLUSION

This thesis is a preliminary study of Sathon Mason. The genus has been doubled 1n size

in this study, with scveral species known from very little material. There is still much

-

information to be gathered about the species, and several problems to be solved.

More information is noeded about immatures and host preferences. The larvae of
Sathon specics display differences in fecatures of the head capsule, variations in prominence of
the silk press, tecth of the mandible and shape of the head capsule scierites. They may be
'8

gregarious or solitary, and fragmentary evidence suggests different ranges of host species for

- plesiotypic versus apolpyic species. Information about host preference and immatures is

available only for S. lateralis, S. eugeni and S. falcatus, with one host record each for S.
papilionae and S. neomexicanus. No larval exuviae arc known for S. papilionae. Therelore,
there is information for the most plesio- and apotypic species in Sathon, but none for

. . . ° . . . . L .
intermediate species where transformation series may exist. Much rearing of parasitized hosts is

necessary 1o gain enough information to be useful in a systematic study, since characters based

on natural history arc unknown for too many Sathon species.

A very basic task that must be done is further collection of Sarhon specimens. This
genus has been iriadequalcl_v collected in l?é past becausc of the smali size of species (2 - 4mm)
and their gencerally dark and unspeclacular\éloralion. Specimens must be sweptl with an
extra-fine mesh insect net or trapped with a malaise or other permanently installed trap that is
effective in catching flying insects. Distributional data are {ragmentary to essentially A
non-ecxistant for most Sathon species, and habitat preferences are almost unknown. Rigorous
analysis of historical geography of Sathon species must await much more intensive collecting,
especially in the poorly known Neotropical region.

g,

Some problems needing solution require more thorough collection of even such a
relatively well known region as North America. Two examples are available. I have mentioned

109
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above the difference in habitus between northern and southern spccir:ncns of S. mason:. This
geographic variation remains unanalysed because Qf a dearth of material of this species outside
of Alaska. S. masoni has been collected from only one locality in Canada, Fort Simpsm_l
N.W.T. Much collecting must be done in the middle and southern parts of the range of S._
masoni before the significance of the geographic variation currenthy scen can be understood. S,
papilionae provides a similar problem. This species is known from only two localities, and the
w0 paratypes from Cold'Ba.\. Alaska displav several character state dif ferences from the

holotype from Clavoquot. Whether these differances are significant or not cannot be

determined from a sample size of threce.

Perhaps the most important problem nccding resolution is the nature -ol" the
relationship between Sc;lhon and Choeras. The possible paraphyly of Choeras relative 1o Sathon
carries the attendant possibility that the two species groups of Sathon, which have been shown
above 10 be markedly different from cach other, may be iﬁdcpendcnlly denived from somie
Choeras ancestor. Distributions of character states in apotypic, primarily undescribed species of
Choeras musl be examined belore the status of Sathon ::an be changed. 1t is hoped that this
study will facilitate any fuurrc attempts at understanding the relationships between Sathon and

Choeras and the relationships and evolution of Sathon specics.



8. FIGURES

A basic sct of figures is given for each Sathon species, covering each body ﬁart that can
be used for diagnosis. Differcnces in arrangements among spccics reflects dif férent practical
considerations (sect. 2.2.5’): or illustration of diagnostic characters. Groups of figures for each
species arc arranged in the order that the species appear in the taxonomic lrealmcm,. éiéépi for
figs 1 - 7. These arc semidiagrammatic drawings of S. neomexicanus body parts which are used

only as a guide Lo stucture Mmes and measurcment methods.

i
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Figures 1 to 7.~lllu51ralion of measurements. Body parts of S. neomexicanus drawn
semidiagrammatically with all sctac removed except in figure 7.
Figure 1. Head, dorsal aspect. Semidiagrammatic. HW = hcad width; Hl. = hcad
| Icngth;'AOD = anterior occllar diameter; 1.OL. = lateral occllar linc; LoD =
latral ocellar diameter; OOL. = ocellar-ocular linc; POL. = posterior ocellar

line.

Figure 2. Head, frontal aspect. Semidiagrammatic. F = frons; H = clypeus height; L.
= labrum; W = clypeus width.

Rjgure 3 Hind leg. Semidiagrammatic. HCL = hind coxa length; HTL. = hind tibia

~ length, ‘ |

Figure 4. Apical foretarsomeres. Semidiagrammatic. L = length of ;;cnullimalc
’forvelarsomere; W = width of pcnultimate foretarsomere.

Figure S. Apical flagcllomerés. Semidiagrammalic. I. = length of penultimate
flagellomere; W = width of penultimate flagcllomerc.

Figure 6. Wing venation. Semidiagrammatic. hiames and approxihatc measuring points

of wing veins used in descriptions.

Figure 7. Third valvula. Semidiagrammatic. 3VL = length of third valvula.
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Figures 8 l'o 15. S.E.i\d. f)hotographs of S. lateralis female. Scale bars = 0.2mm.
Figure 8. Pronotunfof S. lateralis. In lateral aspect. C = collar; D = disc;'il)G =
dorsal groove; VG = ventrai groove; VPB = ventral polished band.

Figure 9. Prescutellar furrow of S. /ateralis. In dorsal aspect. Arrow indicates furrow
Figure 1 Scutelium of S. lateralis. In dorsolateral aspect. Sl = scutellum; Slc:; =

| scutellar costa. .

N

Figure 11. Metapleuron of . lateralis. In lateral aspect. MG = mctapleural groove.
Figure 12. Metanotum and propodeum of S. lateralis. In dorsal aspect. M =

metanotum; MP = medial pit of metanotum; LLP = lateral pit of metanotum;

P = propodeum; PS = propodeal spiracle.

2

Figure 13. Anterior cnd of mctasoma of S. lateralis. In dorsal aspect. T1 = $irst
tergum of metasoma; T2 = second tergum of metasoma.
Figure 14. Hind coxa of ¢ 4’ - /iv In lateral aspect.

Figure 15. Meso- and L 'ateralis male. In dorsal aspect. M

A

li

metanotur Mt = melasoma.






Figures 16 to 22. Line drawings of S. lateralis male and female. Scale bars = 0.5mm.

Figure 16. Femalc genitalia of S. lateralis. In lateral aspect. BB = basal bulb ol
ovipositor; T9 = ninth tergum of abdomen; Val = third valvula; V2 -
second valvifer.

o

Figure 17. Oral plate of female S. lateralis. In anicrior aspect.

Figure 18. Hypopygium of S. lateralis. In lateral aspect. A = apex; PM =
posterodorsal margin.

Figure 19. Head capsule of S. lateralis larva. In anterior aspect. Hst = hypostoma; 1.$
= labial sclerite; Md = mandibie; SP = silk press.

Figure 20. Apex of metasoma of S. /ateralis female. In dorsal aspect. TS, T6, T7 -
fifth through ;cvcnth tergum of metasoma.

Figure 21. Male genital capsule of S. lateralis. In dorsal aspect. Volscllac removed A =
aedeagus; BR = basal ring: P = paramere. B

Figure 22-Mate-gemitatzapsule of S. lateralss. In lateral aspect. Volselfac except digitus

removed A = aedeagus;, BR = basal ring; D = digitus; P = paramerc.

o
wi,
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Figures 23 to 30. S.E .M. photographs of S. papilionae fcmalc. Scale bars = 0.2mm cxeept fig.
30 where scale bar = 0.05mm.
Figure 23. Pronotum of S. papilionae. In lateral aspect.
Figure 24. Prescutellar furrow of S. papilionae. In dorsal aspect.
Figure 25. Scutellum of S. papilionae. In dorsolateral aspect.
Figure 26. Metapleuron of S. papilionae. In lateral aspect.
Figure 27. Metanotum and propodeum of S. papilionae. 1n dorsal aspect.
Figure 28. Anterior end of metasoma of S. papilionae. In dorsal aspect.
Figure 29. Hind coxa ;)f S. papilionae. In lateral aspect.
Figure 30. Third valvula of S. papilionae. High magnification displaying striate

microsculpture.

o






Figures 31 to 33. Line drawimgs of S. papilionae female. Scale bars = (.Smm.
Figure 31. Female genitalia of S. papilionae. In latcral aspect.
Figure 31. o plate of S. papilionae. In anterior aspect.

Figure 33. Hypopygium of S. papilionae. In lateral aspect.

”

’ C
Figures 34 to 37. Line drawings of S. eugen: female. Scale bars = 0.5mm.

Figure 34. Femalc genitalia of S. eugeni. In lateral aspect.

_ Figure 35. Oral platc of femalc S. eugeni. In anterior aspect.

Figure 36. Hypopygium of S. eugeni. In anterior aspect.

»

Figuire 37. Head capsule of S. eugeni larva. In anterior aspect.
i -
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Figures 38 1(74. S.E.M. photographs of S. eugeni female. Scale bars = 0.2mm.
Fig;lrc 38. Pronotum of S. eugeni. in lateral aspect.
Fi!;_ufc 39. Prescutellar furrow of S. eugeni. In dorsal aspect.
Figure 40. Scutellm of S. eﬁgeni. In dorsolateral aspect.
Figu?e 41, Metapleuron of S. eugeni. In lateral aspect.
Figure 42. Metanotum and propodeum of Seeugeni. In dorsal aspcci.
Figure 43. Anterior end of mctasE)ma of S. eugeni. 11 dorsal aspect.

Figure 44. Hind coxa of S. eugeni. In lateral aspect.






Figures 45 to 52. S.E.M. photographs of S. laevidorsum female. Scale bars = 0.2mm.

Figurc 45,
re 46.

éure. 47.

- Figure 48.
Figure 49.
Figure 50.
Figure 51.

Figure 52.

Pronou_;m of S. taevidorsum. 1n lateral aspect.

Prescutellar furrow of S. laevidorsum. In dorsal aspect.
Scutellum of S. laevidorsum. In dorsolateral aspect.
Metapleuron of S. laevidorsum. In lateral aspect.

Metanotum 2nd prdpodeum of S. laevidorsum. I n dorsal aspect.
Anterior end of metasoma.of §. laevidorsum. In dorsal aspect.
Anterior end of metasoma of S. laevidorsum. in laleral aspect.*

Hind coxa of S. faevidorsum. In lateral aspect.






Figures §3 to 54. Lihc drawings of S. laevidorsum fcmalc. Scale bar = 0.5Smm
Figure 53. Apex of mctasoma of S. laevidorsum. In lateral aspect. H = hypopygium;,
3VL = third valvula; OV = ovipositor.
Figure 54. Anterior edge of right hind wing of §. laevidorsum. 1n anicrovenlral aspect.

= bulb on SC+R.
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* Figures 5510 60. S.E.M. photographs of S. aggeris female. Scale bars = 0.5mm.
- Figure 55. Metanotum and propodeum of S. aggeris. In dorsal aspect.
‘Figure 56. Anterior end.of metasoma of S. aggeris. In dorsal aspect.
Figure 57. Aqterior end of metasoma of S. aggeris. In lateral aspect. T1 = first tergum
of metasoma.
Figure 58. Hind coxa of S. aggeris. In lateral aspect.
Figure 59. Metanotum and propodeum of S. aggeris male. I n dorsal aspect.

9

Figufg 60. Anterior end of metasoma of S. aggeris malc. In dorsal aspect.
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Figures 61 to 63. Linc drawing.s of S. aggeris fcmale from S.E .M. photographs. Scz‘alc bars’ =
0.2mm. Setac ommited except on pronotal disc, fig. 61.
Figure 61. Pronotum of S. aggeris. In lateral aspect.
- Figure 62. Prescutellar furrow of ;S. aggeris. In dorsal aspect.

Figure 63. Scutellum of S. aggeris. In dorsolatera) aspect.
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Figures 64 to 67. Line drawings of S. aggeris male and l’cm;ﬂc. Scale bary = 0.5mm.
‘ Figure 64. Apex of metasorna of S. agger:s. In lateral aspect. H = hypopgium: 3Vl =
third valvula; OV = ovipositor. .
Figure 65. Male genital capsule of S. aggeris. In dorsal aspect. Volscllae removed.
Figure 66. L:iale genital capsule of S. aggeris. In lateral aspect. Volsclla.c except digitus
removed. .

Figure 67. Anterior edge of right hind wing of §. aggeris. In anteroventral asbccl. B =

bulb on SC+R.
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‘Figures 68 to 75. S.E.M. photographs of S. mason female. Scale bars = 0.2mm,

Figure 68. Prommetum of S. masom. In latcral aspect. 4
N ¢

Figure 69. Prescutellar furrow of S. masoni. In dorsa
Figure 70. Scutellum of S. masoni. In dorsolateral aspcél.
Figure 71. Metapleuron of S. masoni. In lateral aspect.

’
Figure 72. Metanotum and propodeum of S. masoni. In dorsal aspect.
Figure 73. Anterior end of metasoma of S. mason:. In dorsal aspec:‘
Figure 74. Hind coxa of S. masoni. In latcral aspect.

Figure 75. Meso- and metasoma of S. masoni male. In dorsal aspect.
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Figures 76 tq 80. Line drawings of S. mason: malc and I‘cmalq‘&calc bars = 0.5mm.
Figure 76. Female genitalia of §. masoni‘. In lateral aspect.
Figure 77. Oral plate of female S. masont. in amcri;r appect.
Figure 78. Hypopygium of S. masoni. In lateral aspect.
Figull'e 79. Male genital capsule of S. masoni. In dorsal aspect. Volsellac removed.
Figure 80. Male genitat capsule of S. masoni. In lateral aspect. Volsellae except digitus

’ g

removed. ')
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Figures 81 to 88. S.E.M. phomgraphsl_ OlS. cinctiformis female. Scale bars = 0.2nim.

Figure 81.
Figure 82.
. Figure 83.
Figure 84.
Figure 85.

Figure 86.

Figure 87.

Figure 88.

i
E
Pronotum of S. cin;liformzs, In lateral a.spccl.. 7
Prescutellar furrow of S. cinclifc;rmix. In dorsal aspect.
Scutellum of §. cinctiformis. In dorsolateral aspect.
Metapleuron of §. cincti form;'s. In lateral aspect.

Metanotum and propodeum of S. cinctiformis. In dorsal aspect.
Anterior end of metasoma of S. cinctiformis. In dorsal aspect.

Hind coxa of S. cinctiformis. In lateral aspect.

Meso- and metasoma of S. cinctiformis male. In dorsal aspect.

./






Figures 89 to 93. Line drawings of §. éinc!iformis female and male. Scale bars =-0.5mm.
Figure 89. Female genitalia of S. cinctiformis. In lateral aspect.
Figure 90. Oral plate of female S. cinctiformis. In avmerior aspect. *
F.igure 91. Hypopygium of S. cinctjformis. In lateral aspect.
Figure 92. Male genital capsule of S. cinctiformis. In dorsal aspect. Volsellac removed.
Figure 93. Male genital capsule of S. cinctiformés. In lateral aspect. Volscllac except

digitus removed.
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Figufes_ 94 to 101. S.E.M. photographs of S. circumflexus female. Scale bars = 0.2mm.
Figure 94. Pronotum of S. circum flexus. In latcral aspect.
Figure 95. Prescutellar furrow’ of S. circumflexus. In dorsal aspect.
Figure 96. Scutellum of S. circum flexus. In dorsolateral aspect.
Figure 97. Metapleuron of S. circumflexus. In lateral aspect.
Figure 98. Metanotum and propodeum ,of S. circumflexus. In dorsa! aspect.
"Figure 99. Anterior end of metasoma of S. circum flexus. In dorsal aspect.
Figure 100. Hind coxa of S. circumflexus. In lateral aspect. -

Figure 101. Meso- and mctasoma of S. circumflexus male. In dorsal aspect.
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Figures 102 to 107. Linc drawings of S. ctrcumflexus female and male. Scale bars = 0.5mm.
Figure 102. Femalc genitalia of S. circum flexus. In lateral aspect .
Figure 103. Oral plate of female S. circumflexus. In anterior aspect.
Figure 104. Hypopygium of S. circumflexus. In lateral aspect.
Figure 105. Head of adult §. czrcumﬂexqs. In dorsal aspect.
Figure 106. Male genital capsule of S. circumflexus. In dorsal aspect. Volsellac
removed.
* Figure 107. Male genital capsule of S. circumflexus. In lateral aspect. Volsellac except

digitus removed.
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Figures 198 to 115. S.E.M. photographs of S. neomexicanus female. Scale bars = 0.2mm.

Figure 108.
Figure 109.
Figure 110.
Figure 111.
Figure 112.
Figure 113.
Figure 114,

Figure 115.

\

Pronotum of S. icanus. In lateral aspect.

Prescutetar furr S. neomexicanus. In dorsal aspect.

Scutellum of S. neomexicanus. 1n dorsolateral aspect.
Metapleuron of S. neomexicanus. I n lateral aspect.

Metanotum and propodeum of S. neomexicanus. In dorsal aspect.
Anterior end of metasoma of S. neomexicanus. In dorsal aspect.

Hind coxa of S. neomexicanus. In lateral aspect. ¢

Meso- and metasoma of S. neomexicanus male. In dorsal aspect.
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Figures 116 to 121. Line drawings of S. neomexicanus

and fcmale. Scale bars = 0.5mm.

!
. T b
Figure 116. Female genftalia of S. neom

Figure 117. Oral plate of female S. neomexicanus. 1n anterior aspect.
. [4
Figure 118. Hypopygium of S. neomexicanus. In lateral aspect.
¢
Figure 119. Head cap?ulc of S. neomexicanus larva. In anterior aspect.

Figure 120. Male genital capsule of S. neomexicanks. In dorsal aspect. Volsellae

removed. N

Figure 121. Malc genital capsule of S. neomextcanus. In latcral aspect. Volsellae eacepl

digitus removed.

“

]
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Figures 122 to 129. S.E.M. photographs of S. falcatus femalc. S(;Slc bars = 0.2mm.

Figure 122.
Figure 123.
Figure 124.
Figure 125.
Figure 126.
Figure 127.
Figure 128.

Figure 129.

Pronotum of S. falcatus. In lateral aspect.

Prescutellar furrow of S. falcatus. In dorsal aspect.
Scutellum of S. falcatus. lri dorsolateral aspect.
Metapleuron of S. falcatus. In lateral aspect.

Metanoturﬁ and propodeum of S. falcatus. In dorsal aspect.
Ameri.or end of metasoma of S. falcatus. In dorsal aspect.
Hind coxa of S. falcarus. In lateral aspect. .

Meso- and metasoma of S. falcatus male. In dorsal aspect.






l"igurés 130 to 136. Line-drawings of S. falcatus female and male. Scale bars = 0.5mm.

Figure 130.
Figure 131.
' Figure 132.
Figure 133.
Figure 134.
Figure 135.

Figure 136.

Female genitalia of S. falcatus. In lateral aspect.
Oral plate of femalc‘S. Jalcatus. In anterior aspect.
Hypopygium of S. falcatus. In lateral aspect.

Head capsule of _S. falcatus larva. In anterior aspect.

Head of aduk § fa/catas. In dorsal aspect. ) - R N
Male genital capsule of S. falcatus. In dorsal aspect. Volscllae removed.

N
Male genital capsule of S. falcatus. In lateral aspect. Volsellac except

digitlis removed.

w
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Figure 137. Reconstructed phylogeny of Sathon species. For explanation of characters
and dichotomy coding see text (sect. 4). CA = Central America; EU =

Europe; NA = North America PA = Palaearctic; SA = South America. .

-t
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Figure 138. Cluster diagram of phenetic analysis of S‘Fn species. Each clusters
neares! neighbor indicated by arrow on lines. The distance between S. aggerts

and S. masoni is greater than indicated.
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Figure 139. Comparison of phenetic and phylogenetic analvses. Degree of divergence

not indicated.
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Figure 140. Distribution of 'S. neomexicanus. All dots represent localitjes from which S.

neomexicanus specimens were examined in this study.
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Figure 141. Distribution of American species of Sathon exclusive of S. neomexicanus.
/

All dots represent localities from which specimens were examined in this

study.' V! .
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.11, APPENDIX 2. LOCALITY DATA

MATERIAL EXAMINED FOR PREVIOUSLY DESCRI lllil)’SPF(Tll-fS.

-~ . (Type material not includcd)v

11 S, eugeni
Germany: Female, Germany '65 Mainz Sept. 10 A.W. Steffan (CNC). ltaly: Female, Campi,
Riva s. Garda 1400m. E/7.7.66 Hbth (1.LAZ). Holland: Female, Nederlands Oostbrock im Den
Bilt coll. 25.V.1979 R. v. Oostenbragge. ex leafroller on Urtica dioica d. (R'NH). Sweden :
Female, Skine, Sweden VII '69 Trap 4 Bo Svensson (HT). Female, Sweden Vmid. Fksharad
July 23 1960 W.R.M. Mason (CNC). 2 fcmales, Swéden. Sk. Skéiralid Vil 193 DMSP. &
J.F.P., B.M. 1932.3-414 (BMNH). Bulgaria: 2 females, BUL.GARIA Rhodopi Chrabrino

r

15.V.1978, 9.X.1977 (DJ MW)(

‘ 11.2 S. lateralis "
England? 2 males, 2 females, Torquay, Devon ENGLAND 19-vi-1960 J .R. Vockeroth (CNC),
Male.—};:)male. ENGLAND East Sussex §laplccross 15-19.ix.38 RF 139.’1).5. Wilkinson &
R.L.E. Ford. Swept off nettle where Simacthis fabriciana abundant (BMNH). Germany
‘Female, Gessernhausen Brennessel leg. Sch\vcr;kc 14./E.5.69 Z.59 (1.AZ). Irclend: 6 males, 4
females, Finglas, Irelapd vi.44 B.P. Beirne f:'x Simaethis fabriciana (CNC). 2 femalcs,
Ball)'b;ack, Ire vi.41 B.P. Beirne Ex Simaethis fabricians (CNC); Holland: Malc.
NEDERLAND Waarc_k_er (Z.H.) Oosteinde 34 2-3.X.1971 C van Achterberg.
) Alnus-Salix-forest. on peat in ﬁult. area, Townes-trap éRNH). Male, NEDERLAND Waarder
(Z.H.) Oosteinde 1-5.VI1"97]1 C. van Achterberg (RNH). P\:iale, S females, NEDERLAND
‘;Z.H.) Waarder: ai 0.33 in Malaise '/I'rap ]6-31 Sept. 1973 (DIJIMW). Male, female,
Nederlands, Oostbroek 1250 im. Den Bilt. coll. 1.V1.1979 R.v. Qostenbragge. éx leafroller on

' 34 ’

° 177
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Urtica dioica d. (RNH).

11.3S. cincliformis'
Canada. Ontario: 2 malc$.~>fémaler()tlawa. Ont. 19-VI1-1939, 28-VI-1940, O. Peck (UNC).
Female, Ouawa Can P310 Type Apantcles cinctus Prov. (USNM). chaleﬁOuéwa, Ont. 9-VU
1946 G.S. Walley Dow's Swamp (CNC). Female. Ottawa, Ont. 21-VII 1950 W.R .M. Mason
: s
(CNC). Quebec: 2 females, Gracefield, Que. 15-V1.1937 O. Peck (CNC). Female, Wakeficld,
Quc. 9.VII 1946 G .E. éhcwcll (CNC). Male, Brome, Que. 12-V1 1936 G.S. Walley iCNC).

_ United States. Indiana: 2 male, female, Lafayetic Ind May-1918 JM Aldrich coll_(USNM).
lowa: 2 maic, 2 female, County #76 IOWA May 26 1934\ Knutson (USNM). Male, County
#59 10WA May 1934 Jolley (USNM). Female, Mt Pleas\am la May 26 1934 Card (USNM).
Maryland: Female, Takoma Park, VI1.14, 1942 Md. H. & M. Townes (HT). Female, Cabin
John Md. July 1916 RM Fouts Collector (USbe). Female, Patuxent Ref Bowie, Md. iS-,V
1944 RT Mitchell Collector (CNC). Michigan-2male, female, Isabella Co. Mich. 6-7-58 R. &

K. Dreisbach (WSNM). Female, Gladwin Co. Mich. 6-14-58 R. & K. Dreisbach (USNM).
Female, Lake Co. Mich. 7-7-57 R. & K. Dreisbach (USNM). 4 females, Midland Co. Mich. ",
¥1.10.41, Vil .7.54, 7-18-40, 6-30-52, R.R. Dreisbach (USNM). Female, Ag. Coll. Mich
7-12.9-336 Collcction C.F. Baker (USNM). Female, AgrCollege Mich 336 (USNM). New
Jersey: Femafe, Summit N.J. 5.26 1925 F.M. Schott (USNM). New York: Male, Oswego,
N.Y. 11 June, 1897 (USNM). Maie, female, Mud Ereek, Tompk Co. N.Y. 17-20 June '04
(USNM). 2 male, female, Ithaca, N.Y. V.31, 1936, V1.6, 1935, H.K. Townes (HT).Ferqale,

“Bemus Pt., N.Y. Jul. 16 1937 H.K. Townes (HT). Female, Oneoata NY June 301935 H K.
Townes (HT). Female, Shokan, N.Y. Jul. 11 1936 HK. TownesﬁHT). Female, Canajoharie,
N.Y.Jul. 1, 1934 H K. Townes (HT). North Carolina: Female, Franklin, N.C. 2000’ §.11 1957
J.R. Vockeroth (CNC). Ohio: 3 females, Barberton Ohio 6-22-36 L.J. Lipovsky i(UKL). 2

fefnalcs. Summit Co., Ohio 6-19 1937 Louis J. Lipovsky (UKL). Female, Conservation Cagé
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Jerusalem Ohio In3 Ser33-1 LG Jones Coll 6/10/33 (USNM). Femalc, Ohio F.D. DeGant
Collector (USNM). Female, Lick. Co. V-'26 O. C.H. Kennedy Collector, C.H. Kennedy
Collection (USNM), Pennsylvania: Female, Wilawana, Pa. 6-9 1939 R.H. Crandall,(USNM).

Female, Ralston Lycoming Co. Pa. 8.V1.1962 J .R. Vockeroth (CNC). Rhode l‘s'land: \

females, Westerly, R.1.V1.9, VI1.10, V1.21, VI1.7, 1936 M. Chapman (HT). Female, |
R.I.V1.12.37 HK. Townes M. Chapman (HT). Vermont: Fcrr;ale. Lake Willoughby, V1. AlL.

1400M” June 17-29, 194§ C.P. Alexander (HT). Virginia: 3 males, 3 females, Sweeping sedges

. & grasses Vicnna Va J Q Bridwell coll V-19-35 (USNM).Female. Va July 4.85 (USNM).

. Female, Great Falls Va H.H. Smith coll (USNM). Female, Ch. Bridge X1.19 Va SA Rohwer

coll (USNM). Wisconsin: Female, Polk Co. Wis. July. Baker. Collection CF Baker (USNM).
o . ,
o 114 S. falcatus
Austria: Male, }4 females, AUSTRIA Tirol Aschbach 1400m 16, 20-VIII 1975 C.J. Zwakhals

(RNH). 2 females, AUSTRIA, Raxalpe 1500m Aug.20, 1960 W.R .M. Mason (CNC). Femalc,

Zwieselstein TIROL'1400m. 24.VII1.1953 J.R. Vockeroth (CNC). England: Femalc,

- ENGLAND. HT. Bricket Wood. 5.VA.1950 R.B. Benson B.M. 1950-286 (BMNH). Malc. §

females, ENG] AND North Devon Romanslelgtl R.L.E. Ford Swept 26.vi.3§ (CN( USNM).
5 females Ditchling Common 1‘7951 Sx. G.E. Shewell ENGLLAND (CN( S males, 3
females, ENGLAND Birmingham spun 16.vii.55 em. 20.vii .55 [with two cocoon masscs)
(BMNH). France: Male, 2 females, Malaucéne Mt. Ventoux 1400m. Nardion pasture
23.VI1.1973 FRANCE Dept. Vaucluse M.J. Gijswijt (RNH). Germany: 5 females, Scheffau,
Bgyern GERMANY.I 800m. 25-VI1-1958 David Townes (CNC). cha’le, D, By, Starnberg
Kerschlach 27.7.74 Haeselb. (LAZ). Female, Wiesen/Spessart 6.8.1961 leg. Hacselbarth
(LAZ). 3 females, Schliersee‘BAVARIA 7-1100m. 28.V11.1958 David Townes (CNC). 2
females, Germany Collection T Pergande 26 (USNM). Holland: Female, Holland 2§-7-49

Schayk H. Teunissen (RNH). Female, OplooHT V-5 1972 (RNH). 3 females, NEDERLAND

L \
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. Waarder (Z.H.) Oosteinde 34 3-4, 13-14, 27-28.VII.;971 C. van Achterberg (RNH). Italy: 8
m;cs. 20 females, Naturno, Trentino ITALY 500-1000m., 1000m., 14-VII, 15-VII,

18- VI1.1958 David Towncs (CNC). Female, Unserfrau, 1500m nr. Mont-Alto, Trentino,

1 TALY 18-VII-1958 Davxd Townes (CNC) Male, St. Peter/Ahrntal [=San Pnetro] Stdtirol
1300m Cd/31.7.66 Haeselbarth, (LLAZ). Female; S. Pietre 1200- 1400m Funes{Vﬂlno ] prov
Bolzano-ltalia 20.vii-9.viii.1968.G. van Rossem (RNH) . Female. Selva Nera|l400-2000m
Funes‘-[Villno ] prov. Boizanc-ltalia 20.vii-9.viii.1968 G. van Rdssem (RNH). Ireland:
Female, M-IRELAND nr. Rhc‘;dc (3) Hcath. on umbelliferous flowcr; 11-VIII. 1974 C.v.
Achterberg (RNH). Luxemburg: Female, LUXEMBURG Diekirch, 20-V/A.W. Ste;ffan '66
(CNC). Spain: Female, LA MOLINA 1500m 23- V11 -1970 ESPANIA Gerona V.S.v.d. Goot
J.A.W. Lucas (RNH). Sweden: 20 males, 60 females, SWEDEN, Vmid. Ekshdrad July 15, 17,
20, 21, 22, 23, 24, 1960 W.R.M. Mason (CNC). Male, 7 females, SWEDEN, Lpld. Abisk.o.
400m. July 2, 30, Aug 1, 2, 30, 1960 W.R .M. Mason (CNC). Switzerland: Female, CH, GR,
Ra;noschi;l.650m‘4.8.73 Wiesen u.Wald mit Hochstauden Haeselb. (LAZ). Yug;)slavia: Female,
Yougosiavia, Slovenia Swept:16-8-1978 leg. H.V. Vlug stol. 1000m (RNH). Other: 6 females,
no locality data, 2 det. by O. Schmiedeknecht (USNM).

P

11.5 S. neomexicanus

Canada. Alberta: S males, 3 fcmales, Canada Alberta, Livi_ngswm Ranger Stn. 49° SO'N 114°
25'W Malaise, Sweeps 9-31 July, 20 August 1980 D.J. Williams (DJMW, LAZ). Male 4
females, M. 14 Banff Banff-Jasper Hway 2,3-VIII -1955 R. Coyles (CNC. BMNH). Me:le,
female, McMurray, Alta. 30-VI11-53 G.E. Ball (CNC). Female, Elkwater Lk. Alta.
21-VI1-1956 O. Peck (CNC). Female, O. Peck Edmonton, Alta. 13-5-1936 (CNC). Female,
Dom\ Range Sta. Manyberries, Alta 24.VI1.1951 D .F: Hardwick (CNC‘). Bi'itish Columbia :‘ 3

males, Racing Riv., B.C. 2400ft. VI1.25.73 H.&M. Townes (HT). 4 females, Shore, Shuswap

L Salmon Arm B.C. 13-VI1-49 H.B. Leech Collector (CAS). 3 females, Juskatla, B.C. Q.C.
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[Queen Charlotte] 1slands 9-VI41-1957 E.E. MacDougall (CNC). Female. Lizard Cr. Fernic
B.C. 7-VI1-1949 Hugh B. Leech (CAS). Female, Kaslo BC 16.9 [or 77 AN Caudell Collector
(USNM). Feméle. Terrace, B.C. 23.V11-1960 Wﬂ.R. Richards (CNé). Priﬁce Ed;vard Island:
Male, DaAlvay House Can. Nat. zayk P.E.I. 20.Viii-1940 G .S. Walley (CNC). Northwest
Territories: 3 female§~. Fort Simpson N.W.T. 15, 17, 19.VI11.1950 D.P. Whillans (CNC).
Newfoundland: 3 females, Calvert lflnd. 16‘.'Vll .1958 R‘ay F; Mérris’(.C"NC) 3 malcs; S

females, Goose Bay, Labr. §, 10, 23, 25,26.VI1II .i948 W.E. Beckel (CNC). Fcﬁalc, Ralcigh,
Nfld. VII1.4.1975 H.&M. Townes.(HT). Ontario: Female, Bells Corners Ont. 7- VII 1943 (Js :
Walley (CNC). Female, One S'i_dcd Lake, ONT.' July 31-1960 S M. Clark (CNC). Manitoba:
Male. 2 females, Berens River, Man 9-vii-1938 W.J. Brown (CNC). United States. Alaska:
Female, King Salmon, Naknek R. Alaska 8-VI11-1952 J.B. Hartley (CNC). Female, Seward,
Alaska 10-VI1-1951 W.J. Brown (CNC). Malé, ‘ALASKA: Sitka 0-100m. ViI-1970 Collected
by N.L.H. Krauss (USNM). l;'emale, Junaeu, Alaska 6 V111 1958 Wo‘t Coll. (HT). Male,
Matanuska.}\»l_aska VI1-18-44] Ch%mberlin 44-27645 Trap (U_SNM). Female, Chitna Alaska 7
Aug 1956 R .H. Washburn (USNM). Female, Wrangell, ALASKA 1-5.VII1.1951 J.R. McGilllis
(CNC‘). Female, Big Delta Alaska 14.VII 1951 J.R. McGillis iCNC). Female tagle Riv., SE
Alask‘a 2 VIII 1958 Wot Coll. (HT). Arizona: 2 females, ARIZ-. Graham Co. Hospital Flat
Pinaleno Mits. Alt. 8950' 2.Vlll-.1965 Hugh B. Leech (CAS). Female, ARIZONA : Cochise Co.
Southwestern Res. Sta., Smi W. Portal 24-1X-1966 5400' P .H. Arnaud, Jr. (CAS). California:
Female, Graeagle Calif. V1.16 1949 E. Schlinger (HT). Female, Lee Vining, Cal. Junc 22 1948
HMG&D Townes (HT). Male, 3 females, Sagehen Creek Nevada Co., Cal. VI11.10.1974 R.M.
Bohart (HT). 7 males, 5 females, Sagehen Créek nr. Hobart Mills Nevada Co. Cal. VI1-§,
15-1964 (UCD). Female, Sagehen Cr. Nevada Co Calif VII-19 1972-RM Bohart Colr (UCD).
Male, 3 females, Sagehen nr, Hobart ;vﬁlls Calif VII-21-58 R.H. Goodwin Collector (USNM,
UCB). S males, 3 fer;xales. Sagehen Cr., nr Hobart Mills, Nevada Co, Cal. VII-15, 16, 19-64;
ME Irwin Malaise in meadow (USNM). 4 males, 2 females, CALIF: Sierra Co. Sagehen Creek

Field Station VII1-6-75 M.E. Buegler/E.I. Schlinger (UCB). 4 females, Cal Nevada Co
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Sagehen Ck nr. Hobart Mills VII-8-1974 Wharton, Coll (BWC). 3 puales, 6 females, Prosset
. * . v
Creek; near Hobart Mills, CALIF. 6300' 13.VI1.1961 B.H. Poole ({CNC). Maie, female, CA:
Placer Co. old Donner Pass 2 mi E. Norden 9-1X-1983 7020' 1.B. Whitf ield collector (JWC).

Female, Cal Alpinc Co 2mi E. Monitor Pass VII-8-74 Wharton Coll ( BWC) 3 females,
’ CALIF Sisk Co. Imi NWBmle V- ’0 66 P. Rude collector (UCB). 4 males, 4 females,

McBnde Sprmgs 4800 Mt. Shista, Srskryou Co. Cahf ., July 22, 1965 (CNC) Female, Cedar
Pass 6000 Warner Mts. 8.VI11.65 Modat Co Calif. (CNC) 4 males, 3 females, Fish Camp

Cal. July 15 1948 HMG&D Townes (USNM) Femalc, Walker Pass Cal VI1-13-61 E.I.

‘Schlrngcr Collector (USNM). Female, Mammoth Lake Calif. VII -29-1940 D.E. Hardy

(UKL). Female, Bishop, Calif. VI1-28-40 R"H‘Beamen (UKL). 2 males, Yosemite Nat. Pk.
Calif VIII-11940 D.E. Hardy (UKL). 2 males, 2 females, Fallen Leaf, Cahf Eldorado Co.

13, VII1.1961 6500° B.H. Poole (CNC). 3 males, 9 females, Truckee CALIF. 6000' Taho¢ Co

14.V111.1961 B.H. Poole (CNC). 2 females, Shaver Lake Fresno Co. Cahf VII-8,13-56, 68

J B Hay ﬂrght trap, R.O. Schuster Collector (UCB). Ma%c Hope Valley Alpmc Co. Calif
V11-18-48 D. Carter Collector (UCB), Male, female, Lake Forcst Lake Tahoe Calif . Vl} 23.49
E.G. Linsley Collector (UCB, USNM). Female, Leland de Tuolumne Co. Ca]_L VIII-5-60
E. Jensen Collector (UCB). Male, Leavitt Mdw. Mona Co., Cahf YHI -11-60 E. Jemsen
Collector (UCB). Female, Cisco Cal Placer Co VIt 28 1934 1.C. Downey collector (UCD)
Male, 4mi. W Woodfords Cal. Alpine Co. VI:25-1961 AS Menke collector (UCD). Female,
Smith Mill Cal. 15 mi s.e. Sierraville VII-4-1960 F.D. Parker Collector (-UCD) Fémale
Wawona Cal. }{II -12-48 H.K. Townes (USNM) Female Lake Tahoe Cal. Alt 6225M1. o ,

VI1-24-1949 E.G. Linsley Collector (UCB) Colorado 3 majes, 7females Loveland Pass W.

" slope<9850° 28.VII, 8 VI11.1961 COLO B.H; Poole (CNC). chale Alamosa Colo 1963 D.E.

2]

Hahn (HT) Male, 2 females, Morley, Colorado Aug. 25, 1940H&M Townes (HT). 3 males,
3 females, Gould Colo VIII .6, 7. 1974H &M. Townes (HT). Female, nr. Estes Pk. Colo.
VII1I.14. 1948 HMG&D Townes (HT). 5 males lFemales Estes Park, COLO. 7500° 20-VIii-61
JR. Stainer, SA.M. Clark, ,W,.lR.M. Maspn (CNC). 4 males, 18 females, Doolittle Ranch 9800°
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M. Evans COLO. 17, 23, 31-VII and 3.8, 9, 10, 12, 13-VII1 61 J R. Stainer, S.M. Clark,

B.H. Poole, W.R M Mason (CNC). Female, West Chicago Creck. Idaho Springs Cold." .

11.V111.1961 9800° J .E.R. Stainer (CNC). 6rcmalcs. West Chicago Cr. 9800 Clear Cr. Co., M‘;'g

' COLO. L1-Vill -19‘61 B.H.Poole, S.M. Clark (CNC). 3 males, 4 fcmal;‘s Chicago Cr. R800"

Clear Cr. Co CG.O Aug 2,5 1961 B.H. Poole, W.R.M. Mason (CNC). Female, Glen Haven’

Colo. V111.3.1947 P B.&E.R. Lawson (UKL). 2 females, USA: Colorado: Telicr County,

Florrisant, Petrified Forest Area 2530m 11-VIII-1973 Paul H. Arnaud, Jr.-(CAS). Malc, 2

females., Siale Bridge 7000’ nr. Bond, COLO. 24-25-V1-61 B.H. Poole, C.H. Mann ((‘NCV). J

males, female, Fairplay, COLO. 9800°15 July '61 S.M. Clark, W.li.M. Mason (CNC). 2

males, 19 females, Mt. Vernon Cn. nr. Golden COLO. ;i-\'ll -61 7200'\(‘.H.“Mahn. W.R'..M. '

Mason (CNCY}6 ma'les,’ 10 females, 4mi. S.W. Golden, Colo. 7400’ 31‘-Vll -1961 S.M. Clark ’

(CNC). Female, Jef‘ferson. COLO. 9400’ 14-Vll-6l.S.M. Clark (CNC). l-’emalc. Boulder

Colo. 8.VIII 1961 C.H. Mann'5300" (CNC). Male, cherlar;d. COLO. 8200' 29-V1-61

Collector W.R.M. Mason (CNC). Female, ch;rland. Colo. 3mi N. 8500° J.G. Chillcott

(CNC). Male, Wondervu, Colo. Boulder Co. 8800’ 11.VII1.1961 J.G. Chillcott (CNC). Male,

Fall R. RMNP Colo. 8600ft A;Jg 18 48 Evans & Ball (CNC). 3 females, Idaho Springs, Smi

S.W. Colo. 27.VI11.1961 8000, 8600’ C.H. Mann (CNC). Female, Gothic, Colo 9600ft 7-1929

Mary J. Brown (USNM). Male Boulder Canyon Colo. 8-8-60 7800 R. K. Drexsbach ©

(USNM) Female Pagosa Springs Col. Baker Collec1)6n CF Bakcr (USNM). }'cmalc Poudre

L. Col. ‘ANP IIQOft. Aug. 11, 1948 HMG&D T:wnes (USNM). 10 males, 13 females, Colo

1329'[Steamboat Springs, July], 1361 [Foothills w. of Fort Collins, June], 1547 [Fort Collins.

6-7-95), 1583 [Rustic. 7-11-95], 1584 [Fort Collins, 8-1-95], 2009 [Mooris Ranch, l.ar. Co.
7-19-96], 20_13'[Fbrrestcrs. Ranch. 8-3-96], 2024 {Spicers North Park. 7-18-96], 2044 [Fort

Collins. 7-10-96], 2158 [Grizzley Peak. 7-24-96] Collection CF Baker (USNM). Idaho: Malc, 3

females, 2 1/2 mi N.W. Kiigore, Clark Co., Ida. VII-}5-1956 W F. Barr Collector (USNM).

Female 2mi N Gilmore, Ida. Lemhi Co. VII-24 1959 H.C. Manis Colector (USNM) ‘Mate, 2

mi. E. Leadore Lemhi Co Ida. Vll 12-1956 W.F. Barr Collector (USNM). 2 females, Galcna «

4
S\
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« Summit Blaine Co. IDA. 15.VI].61 8&00' B,H, Poole (CNC). Male, 3 females, Gélena
Summit, nr. §tanlc_yl Ida. VI11.4,5.78 8700' H.&M. Townes (HT). Male. 8 females, nr.

Stanley, 1da. Aug 3 1978 H.&M. Townes (HT). Michigan: Malc, Crystal Falls VII 6r VIl1.69

Female, Crawford Co. Mich. VII-10-59 R. and K. Dreisbaut

inn. July 12-14 1935 D.G."Denning (USNM).
Female, U SA Minnesdla ‘ 'B falo River Slatc. Park Malaise Trap July 3 1973
\(UM). 2 females, Moorhead Clay Co..Minnn. \’1-23’, 27-1972 J .R, Powers Colir. (UCB). 2
_ females, Washingtonxlsland. Basswood Lake, Lake Co., Minn. Jul_v/l4, Aug. 14, 195.0 R.
Namba (USNM). Montana: Female, Butte, Montana August 4, 1921 F.M. Sallec (USNM).
Nevada: Female, Angel L. NEVADA 12mi. SW. Welis 11.VI1.61 8400 B.H. Poole (CNC).
New Mexico: Female, Springer N':__M. CN Ainslie Colléctor (USNM). Male, 8 females, Santa
, Fe NM Cockerell collector (USNM). Oregon: 2 males, 5 females, Pinchurst, Orc. June 23.
1978 H.&M. Townes (HT). 4 females, Ochoco Creek VII .8, 14.28 Ore. H.&M. Townes (HT).
Male, 2 females, Hyatt Reservol'r V1.25, 26, M,H .&M. Townes (HT). Male, Seneca, Oregon
July 11 1978 H.&M. Townes (HT). Male, 8 females, Seneca, Ore. VII -’11, 24-35 Joe Schuh
Coll. (O8U). 2 females, Summit Prairie, Ore. VIII-3-35 Joe Schuh Coll. (OSU). Male,
\ (Keerins Ram;‘h) Izee, Ore. VI -25-35 Joe Schuh Coll. {OSU). Male, Ore. Deséhutes Co.
*Tumalo St. Pk. 27 June 1961 D.R. Smith (O8U). Female, Crater Lake Park, Ore. Smi out
| 'Medford Rd. About 550_01'1. ciev. Aug. 10, 1930 H.A. Scullen, Coli. (OSU). Female, Meacham,
Or. 3680f1. elev, July 19, 1929 H.A . Scullen, Coll (USNM). Male, female, Indian Ford, 3200'
6mi. NW._ Sisters Deschutes Cg. Ore. 10.VI1.65 E.&I. Munroe (CNC). Female, Tmi. SW
. Beatty Klamath Co. Ore.. VII-10-57 J.A. Powell Collector (UCB). South Dakota: Female,

ale, female, 2mi. S. Sylvan L. Black Hills, S.D.,

Whi’lewood. S.D. July 23-1924 (USNM).
V]l..ll.l%l H.&A. Howden (CNC). Utay: 4 females, Daniels Pass, UTAH 2mi. S. Wasatch
Co. 9.Vljl.l96l 8500' B.H. Poole (CNC). les, Gu’ardsman Pass, nr. Brighton UTAH

-10.V11.1961 9.800' B.H. Pbole summit (CNC). 2 females, 30mi. N. of Vernal, Utah 8400'

V11.8.1961 Brian Poole (CNC). 2 males, female, Duck Creek Camp Utah Kane Co.

—
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VI1.11.196] G.F. Knowlton Collector (USNM, UCD) Malc UTAH: Cache.Co. Hk Vallcv 22 _
VIII 1976 G.F. Knowlton (USNM) Male, Cedar Breakslron Co. Utah VIl 11191 G.F. - -
Knowlton Coliector (UCI)) Female, Allens C)n Rich Co. UL. Vll .20- l%’ G F. l\nowllon
Collector (UCD) Female, Bear Canvon MLt. Nebo Ut. Juadb Co. \'lll 2-1962 G .F. l\nowllon .
Collector (UCD). Washington: 2 males, 2 females, Mt. Rainier, Wash 27007t, S000" Jul. 8.

V11.9 1940 H.&M. Towpcs (HT). 4 males, 7 females, Spokanc, Wash. Sept. 74, Apr. 7S R. ‘

Cetting cx. Protagrotis oSseuré‘(USNM). Malc, WASH : Oyimpic N.P. Dosewallips Rgr, Sta.
VII-18-66 W. Gagne ] Haddock coliectors (JWC). Fema.lc. W.M. Mann Pullman Wash

VI1:17:08 (USNM). Fémale, Pl'Jllman Wash J A Hyslop Collector (US~N\M). Male, Uniontown "
Wash JM Aldrr.ich Coll 6.?6.32 (USNM). Wyoming: l-cmale.‘ Battle L. Roaﬁ_. Wvyo. Sicrra

Madre Range 18.VI1.1961 B.H. Pdole (CNC). Other: Fehalc. Wollah 6.%.88 (USNM).” .
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