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I GENERAL INTRODUCTION

1.1 PROJECT SUMMARY

The Hymenoptera, which includes wasps, bees, ants, and sawflies, are the
most frequently mimicked group of organisms in the world (Poulton 1890) and

are therefore ideally suited for studies of mimicry. Many insects in this group are
well known for their bright yellow and black, black and white, or red and black
aposematic warning color patterns that advertise stings, bites, and noxious chemicals.
Members of nearly every order of winged insect benefit from these defensive
attributes by displaying color patterns superficially identical to those of Hymenoptera
(Poulton 1890, Cott 1940, Wielder 1968, Rettenmeyer 1970) (Figs 1.1, 1.2).
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Figure 1.1. Six wings from
five different subfamilies of
Braconidae

Figure 1.2. Four mimics. Two unidentified Braconinae, Hiranetis nr braconformis
(Burmeister) (Reduviidae: Harpactorinae), and
Alabagrus pachamama Sharkey.

2

Yellow and black aposematic color patterns have evolved multiple times in

the hymenopteran family Braconidae (Figure 1.1). The mimicry is not constrained to
color. Some insects have adopted the behavior (Poulton 1904, Cott 1940) and even
body shape (Poulton 1891, Myers and Salt 1926, Cott 1940) of Ichneumonoidea
(Figure 1.2). Many members of the subfamily Braconinae have bright yellow
and black warning color patterns similar to approximately 1,300 other species

of Braconidae, 1,000 species of Ichneumonidae, at least 200 species of sawfiies,
several hundred species of assassin bugs, and unknown numbers of flies, moths, and
beetles, forming a presumably mimetic complex (Leathers and Sharkey 2003). Some
members of this complex such as the assassin bugs can inflict painful bites (Sharkey
pers. comm.), and some braconine members of this complex are known to evert
scent glands from lateral parts of the metasoma that emit foul smelling chemicals

(Quicke et al. 1997). Such chemicals and color patterns are thought to be a deterrent
to feeding by lizards (Poulton 1890, Sharkey pers. comm.), birds (Brindley 1932,
Kluijver 1933), anurans (Cott 1932), or even spiders (Wharton pers. comm.).
Additional studies examining the palatability of these taxa are in progress by Mike
Sharkey's lab.
The Compsobracon group of Neotropical parasitic wasps (Hymenoptera:
Braconidae) is a diverse group of at least 100 species that vary from the enormous,
bright, aposematically colored species of Compsobracon to the tiny and

inconspicuous species of Compsobraconoides. The Compsobracon group contains
33 described species that share a unique facial sculpture and are divided into seven

genera: Compsobracon Ashmead, Calobracon Szepligeti, Cyclaulax Cameron,
Compsobracono ides Quicke, Cyclaulacidea Quicke and Delobel, Gracilibracon
Quicke, and Sacirema Quicke (Quicke 1997). Characters that define the genera
within the Compsobracon group include scape morphology, shape of the foretarsus,

wing venation, and metasomal sculpture (Quicke 1997). Despite their striking colors
and potential as biological control agents, members of this group, along with the rest

of the Neotropical Braconinae, are very poorly known. Modern identification keys to
species have been published for only two of the 30 Neotropical braconine genera and
many of the early species descriptions are too vague to reliably identify specimens.
Additionally, because most of the genera in this group have been described in the
last 15 years, many taxa that belong in this group have been described in other

genera, especially Bracon Fabricius. Furthermore, a few undescribed species have
combinations of these characters that make generic placement difficult. Therefore,
it is currently impossible to identify species of Neotropical Braconinae without

comparing each specimen to material identified by an expert. This identified
material is concentrated in only a handful of research collections. Furthermore,
over the last 15 years projects using Malaise traps to collect insects have resulted in
the addition of large numbers of unidentified specimens of Braconinae to museums.
Due to a lack of taxonomic expertise, however, almost all of this material remains

unidentified, uncurated, and inaccessible to research. There are far more undescribed
than described species of Neotropical Braconinae in these accessions.
The focus of this dissertation is to provide a robust framework for defining

generic boundaries within the Compsobracon group. A morphology based cladistic
analysis is used to place these taxa into existing genera with the least number

of changes in morphological characters possible. Although molecular data will
eventually provide valuable additional characters, almost all of the taxa included in
this project are known only from type series and scant additional material over 50

years old. Almost all of the Braconinae that have been collected by current biotic
inventory studies still remain unsorted in Malaise trap samples and are therefore

unavailable for loan. The immediate focus of this research is on morphological

ru

features observed from museum specimens. Neotropical Braconinae have been
sorted at least to genus in many collections and printed and online interactive
identification keys have been created for the genera of the Compsobracon group
(http ://oregonstate.eduJ1eatherj).

1.2 OBJECTIVES

I.

Define generic boundaries within the Compsobracon group

A. Corroborate monophyly of the Compsobracon group within Braconinae
B. Examine generic boundaries and monophyly of Compsobracon,
Compsobraconoides, Cyclaulax, Cyclaulacidea, Gracilibracon,
Calobracon, and Sacirema
C. Place undescribed taxa into appropriate genera
D. Create printed and online keys to those genera
II.

Evolution of aposematic color patterns

A. Morphology-based cladistic analysis of the Compsobracon group
B. Map the color patterns onto the resulting hypothesis
C. Compare these results to those from previous work

1.3 BACKGROUND

1.3.1 BIOLOGY

Like almost all braconines, members of the Compsobracon group are solitary
idiobiont ectoparasitoids of concealed holometabolous larvae (Quicke 1997).
Idiobiont parasitoids permanently paralyze their hosts with a venomous sting upon
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oviposition and ectoparasitoids deposit eggs onto the outside of their hosts (Gauld

& Bolton 1988). Known Compsobracon group host records include Doratoperas
atrosparsellus (Lepidoptera: Pyralidae) which bores in the valuable Amazonian
wetland forage grass Conia Brava (Gynerium sagittatum (Poaceae)) (Quicke 1997,
1 989b), beetles (Bruchidae, Cerambycidae, and Curculionidae) (Quicke 1997,
1 989b; Villemant & Simbolotti 2000; Fortier & Nishida 2004), queen Azteca

ants (Formicidae) (Yu and Quicke, 1997), and tephritid fruit flies. At least some
species of the Compsobracon group play a direct role in the natural control of pests,

including Cyclaulacidea bruchivorus, which is a parasitoid of a bruchid that attacks
edible palm fruits (Quicke and Delobel 1995).

1.3.2 BIODIVERSITY

Table 1.1 Distribution, diversity, and coloration of genera of the Compsobracon
group. #Des. = number of described species, #New = estimated number of new
species, % Apo. = the estimated percentage of species that exhibit aposematic
warning colors.
#Des. #New % Apo.
Recorded Distribution
Taxon
Compsobracon Ashmead

Calobracon Szépligeti
Cyclaulax Cameron

Compsobraconoides
Quicke
Cyclaulacidea Quicke &
Delobel

Gracilibracon Quicke
Sacirema Quicke

Texas to southern South
America
Bolivia, Brazil, Peru, Paraguay,
Suriname

widespread, Texas through
Neotropics
widespread, Texas & Florida to
southern South America
Costa Rica to Peru, Bolivia,
and Brazil
Costa Rica to Peru, Bolivia,
and Brazil
Mexico to Peru, Bolivia, and
Brazil
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5

95%

2

4

0%

9

60

5%

5

80

5%

2

6

70%

3

7

10%

1

10

90%

Despite their diversity and potential as natural pest control agents, our

knowledge of Neotropical Braconinae remains shockingly poor. Little taxonomic
research has been done on these wasps. There was a surge of species descriptions at
the turn of the 20th century (e.g., Cameron 1900, 1911, Szépligeti 1902, 1904, 1906),

recent descriptions of 8 new genera (Palabracon Quicke (1 988b), Pheloura van
Achterberg (1989), Megacoeloides Quicke (1 989c), Compsobraconoides Quicke

(Quicke and Sharkey 1989), Myosomatoides Quicke (1994), Sacirema Quicke

(1995), Gracilibracon Quicke (1995), and Cyclaulacidea Quicke and Delobel
(1995)), reclassification of some species (Quicke 1988a, 1989a), and keys to genera

(Quicke and Sharkey 1989, Quicke 1997). These genera have been described
without comprehensive revisionary analysis of the diversity of the group, so it is

still impossible to place some specimens to genus. Other than old keys for the small
genera, there are no identification keys to Neotropical species except for Lasiophorus
Haliday and Cervellus Szépligeti (Fahringer 1930) and far more species remain

undescribed than are described (Table 1.1). This lack of information makes it
impossible to identify almost all specimens and leaves the Neotropical Braconinae
largely unavailable for biocontrol projects (Quicke 1997).

1.3.3 DISTRIBUTION

Members of the Compsobracon group are found throughout the Neotropical

region and extend into southern Texas and Florida (Table 1.1). Proposed sister taxa
to the Compsobracon group have an Indo-Australian distribution (Beishaw et al.
2001).

1.3.4 PAST AND PRESENT CLASSIFICATION
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Mason (1978) proposed the first hypothesis of relationships for the

Compsobracon group. He suggested that species of Compsobracon were not closely
related to any Nearctic taxa, and "undoubtedly" had an origin in the Neotropics.
Quicke (1 989a) later hypothesized that Compsobracon is closely related to

Cyclaulax, but did not provide any empirical data supporting his claim. That same
year Quicke and Sharkey (1989) discovered that the new genus Compsobraconoides
is closely related to Compsobracon and Cyclaulax based on facial sculpture, a
bent forewing vein (RS+M)a, the loss of a mid-basal triangular area on the second
metasomal tergite, a loss of sculpture on the metasomal terga and second suture, and
the presence of a sac-like membranous invagination between the third and fourth

metasomal sternites. They also suggested that this putative dade is closely related
to Calobracon, the Neotropical Atanycolus group (Atanycolus Förster + Hemibracon

Szépligeti), and the Indo-Australian genera Mollibracon Quicke and Calcaribracon
Quicke. Quicke (1995) and Quicke and Delobel (1995) added 3 new Neotropical

genera (Gracilibracon, Sacirema, and Cyclaulacidea) to the Compsobracon group
based on facial sculpture: the medial part of the face is separated from the lateral

parts by carinae running downward from the antennal sockets. Quicke suggested
that Gracilibracon is most closely related to Cyclaulax, and that Sacirema is most
closely related Cyclaulacidea. Belshaw et. al. (2001) published the first phylogenetic
analysis that included members of the Compsobracon group in their exemplar
study of the subfamily Braconinae. They included single exemplars of 3 Cyclaulax

spp., 1 Gracilibracon sp., 1 Calobracon sp., 4 Compsobraconoides spp., 76 other
Braconinae, and 7 non-braconine braconid outgroups in their analysis. Their
data consisted of the 28S D2-D3 region of ribosomal DNA and 92 morphological

characters, most of which were not variable within the Compsobracon group. They

reported that the Compsobracon group formed a well-supported dade. The sister
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group relationship to the group was unresolved; however, they did note that in some

analyses the Australian dade of Mollibracon Quicke, Virgulibracon Quicke, and
Bracon phylacteophagus Austin and Faulds was recovered as sister group, but this

was not in the consensus tree. They also found that the Atanycolus group, which
shares similar scape morphology with the Compsobracon group and has been
hypothesized to be closely related, was in fact a distant relative.

1.4 METHODS

1.4.1 TAXON SELECTION

We attempted comprehensive sampling of Calobracon, Cornpsobracon,

Cyclaulacidea, Gracilibracon, and Sacirema. This involves including all species
of these genera in the analysis. Cyclaulax and Compsobraconoides are much larger
groups and are represented by exemplars.

1.4.2 SPECIMENS

1,113 specimens of the Compsobracon group were borrowed from 19

research collections. This material included 26 specimens of Calobracon, 518
specimens of Compsobraconoides, 99 specimens of Gracilibracon, 114 specimens
of Compsobracon, 143 specimens of Sacirema, 41 specimens of Cyclaulacidea, and
182 specimens of Cyclaulax, and 10 specimens of questionable generic identity.

However, this material included only 10 species that have been identified by experts,
3 of which are presently placed in other genera and will be new additions to the

Compsobracon group. Many of the older species descriptions are brief', consisting of

a few sentences to a paragraph describing how to distinguish the species from other

described taxa. Additionally, some of the species are currently described as species
of Bracon and other taxa. It is therefore impossible at present to place names on
many of the species.

1.4.3 CHARACTER SYSTEMS

Neotropical Braconidae have traditionally been divided into genera based on
discrete morphological characters, including morphology of the first fiagellomere,
scape, antenna! sockets, face, propodeum, foretarsus, and metasomal terga, as well

as wing venation (e.g., Quicke 1997). Members of the Compsobracon group are
variable in all of these characters at the generic level. Other discrete characters
that are included in this study include clypeus sculpture and shape of the propodeal

spiracle. Some variable aspects of scape morphology, clypeus morphology, and
metasomal sculpture are coded as quantitative characters.

1.4.4 PHYLOGENETIC ANALYSIS

We conducted a phylogenetic analysis on this data using T.N.T.Tree
Analysis Using New Teclmology Version 1.0 by P. Goloboff, J.S. Farris and K.

Nixon. While all other presently available phylogenetic analysis software can only
handle discrete characters, T.N.T. allows continuous characters to be used directly
in phylogenetic analysis without forcing one to break them into discrete character
states (Goloboff et al. 2004). We used T.N.T to perform a traditional (heuristic)
search with 50,000 random addition sequences, starting with Wagner trees, and

using TBR branch swapping. Outgroups were exemplars chosen from members of

Compsobracon

Sacirema

Cornpsobracon

Figure 1.3. Evolution of color in hypothetical clades of Compsobracon and
Sacirema.
the other braconine genera that have been hypothesized to be closely related to the
Compsobracon group. All discrete morphological characters were weighted equally.
Quantitative characters were downweighted so that they have a maximum weight

of one to prevent them from have extraordinary weight due to the large number of
character states.

1.4.5 EVOLUTION OF COLOR PATTERNS

One explanation for the aposematic color patterns in braconids is that the
members of the complex and their colors are generated by multiple cospeciation
events, i.e., the constituent genera have isomorphic phylogenetic trees (Fig. 1 .3A).

Isomorphic means that the branching order is the same, but presumably there might
also be contemporaneous speciation or one lineage might be driving the next (Fig.
1 .3B). An alternative explanation is that the organisms have colonized existing color
pattern niches independently and do not have topologically similar phylogenetic

histories. A color pattern niche could be formed when groups of sympatric insects
all adapt to a similar color pattern. There may be strong selective pressures in that
area that drive new species colonizing the area into the same color pattern. In order
to test the hypothesis that these are the result of cospeciation events the patterns
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can be described and traced onto a phylogenetic tree. If clades are found to have

isomorphic topologies; evidence will suggest cospeciation. However, if clades are
not found to have similar topologies, evidence will suggest independent colonization

of color pattern niches. These hypotheses have been addressed in this dissertation by
mapping color patterns onto cladograms and inferring ancestral character states and

patterns of transformation. These patterns will be compared among clades within
the Compsobracon group and with other braconid taxa. The history of the origins of
these mimetic patterns, as a result of cospeciation or multiple convergences (lineages
obtaining color patterns independently), is best tested in a phylogenetic context.
We began by describing the various major patterns of color and how each

of these are shared by a number of species. For example, several species of the
Compsobracon group that belong to different genera and some species of Alabagrus
(Braconidae: Agathidinae) share a forewing featuring identical banding patterns of

yellow and black. Yet other species within the same groups share identical yellow
wings with black tips. Convergent patterns such as these suggest that mimicry
among groups may have arisen by parallel cospeciation within each dade. Differing
color patterns were traced on to the most parsimonious hypothesis of relationships.
For example, if we have two clades, A and B, whose inferred color pattern history
are similar (Figure 1 .3A) then the hypothesis of coevolution would be supported.

However, if the phylogenies are different (Figure 1.3B) then the hypothesis of
coevolution is rejected and we have evidence suggesting an independent colonization

of color pattern niches. Even if the two trees are identical, the species must be
sympatric with other organisms in the complex for coevolution to be a reasonable
explanation.

1.5 EXPECTED SIGNIFICANCE
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Neotropical Braconinae are a very diverse group of more than one thousand

parasitoid species that have received almost no taxonomic attention. Little has

been done other than original species descriptionsthere are no phylogenetic
hypotheses or identification keys for species of most genera, and most species

remain undescribed. Furthermore, many braconine genera, including some in

the Compsobracon group, do not have clear boundaries. Because of this lack of
information, braconines have been largely unavailable to employ in biological

control programs. The potential utility of these species will become more important
with the conversion of Neotropical braconine habitats to agriculture, much of
which has already occurred since the original round of species descriptions at the
beginning of the 20th Century. The possible extinction of at least one member of

the Compsobracon group, Compsobracon magnficus (known only from Texas),
has already been documented (Quick and Sharkey 1989). This dissertation delimits
generic boundaries for the 7+ genera of the Compsobracon group and provides

web-based and printed identification keys to those groups. Finally, our results offer
a chance to examine and compare the evolution of aposematic color patterns in
multiple lineages within the Compsobracon group, an area of resurgent theoretical
interest with the growing capacity to examine mimicry in a phylogenetic context.
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2.1 ABSTRACT

The Neotropical parasitic wasp genus Cyclaulacidea Quicke & Delobel
(Hymenoptera: Braconidae) contains two previously described species from Peru
and Brazil that are known to feed on Bruchidae and Curculionidae associated with

palms. An examination of Neotropical braconines from 19 insect collections reveals

that species of Cyclaulacidea are much more widespread. Nine new species of
Cyclaulacidea are described, and an identification key to the eleven known species is

provided. The new species are: C. pottsae from Mexico; C. adairae, C. hunteri, and
C. snyderorum from Costa Rica; C. fergusoni from Panama; C. picki, C. rominus,

and C. sharkeyi from Suriname; and C. riceorum from Peru and Brazil. The range
of C. bruchivorus Quicke is expanded from Peru to include Brazil, Bolivia, and
Suriname, and that of C. matilei Villemant and Simbolotti is expanded from Brazil to
Colombia.
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2.2 INTRODUCTION

Cyclaulacidea Quicke and Delobel currently contains two species of wasps
that are ectoparasitic on Coleoptera feeding on palms (Quicke 1997, Villemant and

Simbolotti 2000). Cyclaulacidea bruchivorus Quicke has been reared in Peru from
Caryoborus serripes Sturm (Bruchidae: Pachymerinae) feeding on fruits fallen from
Astrocaryumjavarense Trail ex Drude, A. chonta Martins, and A. macrocalyx Burret

(Quicke and Delobel 1995). Cyclaulacidea matilei Villemant and Simbolotti has
been reared from Foveolus sp. (Curculionidae: Rhynchophorinae: Sphenophorini)
feeding in floral bracts of Euterpe oleracea C. Martius (Villemant and Simbolotti

2000). Neither species has been documented outside of its type locality country.
Cyclaulacidea is part of the Compsobracon Ashmead group of Neotropical
parasitic wasps (Braconidae: Braconinae), a diverse group of at least 100 species
that vary from the enormous, brightly colored species of Compsobracon to the tiny

and inconspicuous species of Compsobraconoides Quicke. The Compsobracon
group currently contains 33 described species that share a unique facial sculpture of
paired ridges that run from the antennal sockets to the clypeus (Figs. 2.2, 2.3, 2.4)

and which are divided into seven genera: Compsobracon, Calobracon Szépligeti,

Cyclaulax Cameron, Compsobraconoides, Cyclaulacidea, Gracilibracon Quicke,
and Sacirema Quicke (Quicke 1997).

2.3 METHODS

2.3.1 SPECIMENS EXAMINED
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As part of a generic-level revision of the entire Compsobracon group, 4,918
specimens of Neotropical Braconinae were borrowed from 19 insect collections.
Additionally, the senior author recently had the opportunity to examine type
specimens of C. bruchivorus and C. matilei during a visit to the Musée National

d'Histoire Naturelle in Paris. Specimens from the Compsobracon group used in this
study are marked with unique numbers on their determination labels in the format
JL###### to allow the continued association of notes and observed character states

with particular specimens. These numbers are included for type specimens in the
species descriptions and are included in the distribution section (Appendix 2.1) for
new specimens of C. bruchivorus and C. matilei.

Because resources for the identification of New World braconines are sparse

and Cyclaulacidea was only recently described, specimens of Cyclaulacidea are
rare in collections. Several of the species described herein are represented only by
single specimens. Single specimens were recognized as new species only when
they possessed unique combinations of at least several characters and had a disjunct

geographic distribution. All of the known specimens of Cyclaulacidea are in good
condition, although a few of the older ones are moderately dusty (e.g., Fig. 2.3B).
Several museums have large collections of unsorted Neotropical braconines (e.g.,

the American Entomological Institute). There are undoubtedly additional species
of Cyclaulacidea that await description when funding is available to curate these
accessions.

2.3.2 MORPHOLOGY

Morphological terminology and character systems examined follow Sharkey
and Wharton (1997), with the exception of morphometric characters, which follow
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van Achterberg (1979). As part of a larger study of the Compsobracon group of
New World Braconinae, all specimens of Cyclaulacidea were examined for a total
of 68 discrete, 44 continuous, and 3 meristic morphological characters, as well as

41 color characters. Continuous characters were measured using a Microcode II

(Boeckeler Instruments). Length was measured from head to abdomen. Because the
shape of the clypeus is highly variable, measures of face height were measured from

the tentorial pits rather than the top of the clypeus. Meristic and continuous data is
included in the species descriptions and summarized in Table 1. The angle 0 of Fore

wing veins C+SC+R and iRS was estimated using the formula tan'O

((distance

from intersection of iRS and (RS+M)a to C+SC+R in a basad direction measured

perpendicular to iRS) / (length of iRS)) (Fig. 2.6A). The species descriptions
include character states from both holotypes and paratypes. When there is variation
in this data holotype information is denoted in square brackets.
In many braconines the clypeus is separated from the rest of the face by a

raised ridge (as in Fig. 2.4A). Furthermore, in some species of Cyclaulacidea the
clypeus is also elevated such that parts of it are level with this ridge. In the species
descriptions 'clypeus partially filled in dorsally' means that the part of the clypeus
closest to the face is level with this ridge and the part closest to the labrum appears
excavated and is not level with the ridge (as in Fig 2.2B).

2.3.3 DEPOSITORIES

Specimens of Cyclaulacidea were found in the following museums. The
acronyms used here are taken from Arnett et. al. (1993): California Academy
of Sciences, San Francisco, California, USA (CAS); Entomological Museum,
Utah State University, Logan, Utah, USA (EMUS); Rocky Mountain Systematic
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Entomology Laboratory, University of Wyoming, Laramie, Wyoming, USA

(ESUW); Instituto Alexander von Humboldt, Santafé de Bogota, Colombia
(IAVH); Musée National d'Histoire Naturelle, Paris, France (M.INHN); Museu de

Zoologia da Universidade de São Paulo, São Paulo, Brazil (MZSP); Oregon State
Arthropod Collection, Oregon State University, Corvallis, Oregon, USA (OSUO);

Nationaal Natuurhistorische Museum, Leiden, Netherlands (RMNH); Department of
Entomology Insect Collection, Texas A&M University, College Station, Texas, USA
(TAMU); National Museum of Natural History, Smithsonian Institution, Washington
D.C., USA (USNM).

2.4 RESULTS

Of the 4,918 specimens of Braconinae examined, 1,133 are members of
the Compsobracon group, but only 41 are members of Cyclaulacidea. Additional
specimens of C. bruchivorus and C. matilei are among these specimens, as are 9

species new to science. No information on host association or other ecological data
are recorded on the labels of any specimens of the new species.

Figure 2.1. Distribution map for species of Cyclaulacidea.

2.4.1 DISTRIBUTION

Specimens of Cyclaulacidea, previously documented from only Peru and
Brazil, are reported from Mexico, Costa Rica, Panama, Colombia, Suriname, and

Bolivia (Fig. 2.1). The range of C. bruchivorus is expanded from Peru to include
Brazil, Bolivia, and Suriname (Fig. 2.1, Appendix 2.1). The only new specimen of
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Figure 2.1. Distribution map for species of Cyclaulacidea.
C. matilei bears collection information from Colombia (Fig. 2.1, Appendix 2.1).

2.4.2 SYSTEMATICS

2.4.2.1 DIAGNOSIS

Cyclaulacidea Quicke & Delobel

Cyclaulacidea Quicke & Delobel, 1995: 218-219.

Species of Cyclaulacidea can be distinguished from other genera of
Braconinae using the key of Quicke (1997) and by the presence of the following
putative synapomorphies: a median ridge on the face is developed into a raised teardrop, chevron, or butterfly-shaped area (Figs. 2.2, 2.3, 2.4) and the first tergite has a
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strongly raised median rectangular to tongue-shaped area (Figs. 2.8A, 2.8B, 2.8C).

One of the new species, C. adairae, keys to Compsobraconoides in Quicke's key
due to the shape of its scape; however, this taxon is much larger than any species
of Compsobraconoides and possesses the tear-drop shaped area on the face and
rectangular bump on the first tergite characteristic of Cyclaulacidea.

All known species of Cyclaulacidea also possess the following combination
of characters:

HEAD: Pedicel not swollen or heavily scierotized. Scape lacking basal
concavity. First fiagellomere swollen basally toward vertex of head. Apical

fiagellomere aciculate. Antennal sockets not extended from head, lacking platelike shelf and enlarged sockets. Vertex of head with smooth depression and groove

medially. The face is glabrous and has a pair of main, submedial, longitudinal ridges
running from the clypeus to the antennal sockets (Figs. 2.2, 2.3, 2.4). Area between
ridges and eyes with ladder-like series of horizontal carinae. Clypeus separated from
rest of face by rugose ridge.

MESOSOMA: Metanotum mostly smooth. Propodeum lacking median
longitudinal carina. Tarsal claw with very small basal lobe. Hind tibia lacking
longitudinal depression. Hind telotarsus lacking especially thick setae. Fore wing
vein (RS+M)a is strongly curved (Fig. 2.6). Hind wing with 1 basal hamulus and an
area of reduced setosity apicad to vein cu-a.

METASOMA: First tergite trapezoidal, lacking median longitudinal and
Y-shaped carinae. Second median tergite lacking raised mid-basal triangular area
pointing posteriorly or anteriorly. Apical branch of suturiform articulation absent.
Third tergite smooth, lacking pinched-up area, median longitudinal carina, and mid-

basal triangular area. Hypopygium pointed apically.
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2.4.2.2 KEY TO SPECIES OF CYCLAULACIDEA

Fore wing entirely black (as in Fig. 2.1 OB) or black with one clear band (Fig.

1.

2.12B) ............................................................................................................. 2
-

Fore wing with two yellow (as in Fig. 2.11) or clear bands (as in Fig. 2.12C)
.......................................................................................... 5

2(1).

Fore wing with one clear band in apical third; maxillary and labial
palpomeres black basally, yellowish orange apically; (Fig. 2.12B)
.................................................................. C. pottsae n. sp.

-

Fore wing entirely black (as in Fig. 2.1OB); maxillary and labial palpomeres
entirely black or entirely white ...................................................................... 3

3(2).

Terga 4-6 black dorsally, yellowish orange laterally; maxillary and labial

palpomeres entirely white; suturiform articulation represented by a deep
groove (Fig. 2.7A); fore tarsus strongly laterally compressed (Figs. 2.5A,
2.5B); (Fig. 2.1OB) ............................................................ C. fergusoni n. sp.
-

Terga 4-6 entirely black; maxillary and labial palpomeres entirely black;
suturiform articulation represented by weak groove (as in Fig. 2.7B); fore
tarsus not strongly laterally compressed (as in Figs. 2.5C, 2.5D) ................. 4

4(3).

Scape longer dorsally than ventrally (Fig. 2.5E); rectangular bump on petiole
narrowing posteriorly (Fig. 2.8A); main, submedial, longitudinal facial ridges
bowed outward (Fig. 2.2A); median carina on face developed into tear-drop
shaped area medially (Fig. 2.2A); (Fig. 2.1 OD) .................... C. adairae n. sp.

-

Scape longer ventrally than dorsally (Fig. 2.5F); rectangular bump on petiole
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not narrowing posteriorly (Fig. 2.8B); main, submedial, longitudinal facial

ridges diverging outward straight from clypeus to antennal sockets (Fig.
2.3A); median carina on face developed into chevron to butterfly-shaped area
medially (Fig. 2.3A); (Fig. 2.1OC) ................................ C. snyderorum n. sp.

5(1).
-

Mesosoma entirely yellowish orange ............................................................. 6

Mesosoma entirely black, or mostly black with some yellowish orange on
dorsal surface and around margins of pronotum, tegula, and/or sternaulus .. 7

6(5).

Suturiform articulation barely distinguished from terga 2 and 3, lacking
groove (Fig. 2.7C); bump on petiole tongue-shaped, wider posteriorly than

anteriorly (Fig. 2.8C); main,submedial, longitudinal facial ridges bowed
outward (as in Figs. 2.2A, 2.2B); ovipositor sheath entirely black; (Fig.
2.12C) ........................................................................................ C. picki

n. sp.

Suturiform articulation with shallow groove (as in Fig. 2.7B); bump on
petiole rectangular (as in Fig. 2.8B); main, submedial, longitudinal facial
ridges parallel (Fig. 2.3B) or diverging straight from clypeus to antennal
sockets (as in Fig. 2.3A); ovipositor sheath black with some yellowish orange
in apical third (but black at apical tip); (Fig. 2.12A) ........... C. sharkeyi n.sp.

7(5).

Forecoxa usually entirely yellowish orange, sometimes with some black

basally; mid femur entirely yellowish orange; Fore wing vein lcu-a intersects
Cu distad 1M (as in Fig. 2.6A) ...................................................................... 8
-

Forecoxa usually entirely black, sometimes yellowish orange; mid femur
usually entirely black, sometimes with yellowish orange on basal and apical

ends, or entirely yellowish orange; Fore wing veins 1M and lcu-a intersect
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(interstitial) (as in Fig. 2.6B) .......................................................................... 9

8(7).

Inter-tentorial distance 1.8-2.2 times greater than clypeus height (Fig. 2.4A);
maxillary and labial palpomeres entirely yellowish orange to white; (Fig.
2.11A) ...................................................................................... C. bruchivorus

-

Inter-tentorial distance 2.7-3.2 times greater than clypeus height (Fig. 2 .4B);

maxillary and labial palpomeres black basally, yellowish orange apically;
(Fig. 2.11C) ...................................................................................... C. matilei

9(7).

Costa yellow; fore tibia entirely yellowish orange; (Fig. 2.1 1B)
........................................................................ C. riceorum n. sp.

-

Costa black; fore tibia entirely black, or mostly black with some yellowish
orange in basal and/or apical sixths ............................................................. 10

10(9). Facial ridges parallel (as in Fig. 2.3B); second tergite with slightly elevated
pinched-up area anteriorly (Fig. 2.9A); antenna with less than 46
flagellomeres; (Fig. 2.1OA) ................................................... C. hunteri n. sp.
-

Facial ridges bowed outward (Fig. 2.2B); second tergite with strongly
pinched-up area anteriorly (Fig. 2.9B); antenna with 48 to 53 flagellomeres;
(Fig. 2.11D) ......................................................................... C. rominus n. sp.
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Figure 2.2. Face of A) C. adairae (JL000 100) and B) C. rominus (JL000228).
Both have facial ridges that are bowed outward and a raised tear-drop shaped area
in the center of the face.

Figure 2.3. Face of A) C. snyderorurn (JL000 101) with facial ridges that are
diverging outward from the clypeus to the antenna! sockets and B) C. sharkeyi
(JL000203) with facial ridges that are more parallel. Both have raised chevron to
butterfly-shaped areas in the center of the face.

Figure 2.4. Face of A) C. bruchivorus (JL000047) and B) C. matilei (JL0002O1).
The arrow points to the clypeus, the shape of which can be used to distinguish
between the two species. CH = clypeus height, lTD = inter-tentorial distance.
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Figure 2.5. Tarsus and scape of specimens of Cyclaulacidea. A) Dorsal and
B) lateral images of fore tarsus of C. fergusoni (JL00023 5) and C) dorsal
and D) lateral images C. adairae (JL0001O2); arrow indicates relative lateral
compression in fore tarsus of C. fergusoni. S cape of E) C. adairae (JL000 102)
and F) C. snyderorum (JL0001O7); arrow denotes ventral surface which is not
longer than dorsal surface in C. adairac but is longer than dorsal surface in C.
snyderorum.
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Figure 2.7. Image of metasomal syntergite 2+3. Arrow indicates suturiform
articulation with A) deep groove on C. fergusoni (JL000235), B) shallow groove
on C. adairae (JL0001O2), and C) lack of groove on C. picki (JL000202).
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Figure 2.8. First tergite of three species of Cyclaulacidea. of A) C. adairae
(JL000232) with rectangular bump narrowing posteriorly, B) C. snyderorum
(JL000 107) with rectangular bump, and C) C. picki (JL000202) with toungueshaped bump.

Figure 2.9. Second tergite of A) C. hunteri (JL000 110) and B) C. rominus
(JL000228). Arrow denotes pinched-up areas.
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Figure 2.10. Automontage® lateral images of A) C. hunteri (JL00011O), B)
C. fergusoni (JL000235), C) C. snyderorum (JL0001O1), and D) C. adairae
(JL000 105). Ovipositor sheaths were removed from A. Magnification = 7.2X.
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Figure 2.11. Automontage® lateral images of A) C. bruchivorus (JLUUU2), Ii)
C. riceorum (JL000 162), C) C. matilei (JL0002O1), and D) C. rominus (JL000228).
Ovipositor sheaths were removed from A, C, and D. Magnification = 4.7X.
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Figure 2.12. Automontage® lateral images of A) C. sharkeyi (JL000236), B)
C. pottsae (JL000243), and C) C. picki (JL000202). Ovipositor sheaths were
removed from B and C. Magnification = 5.1X.
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2.4.2.3 SPECIES DESCRIPTIONS

Cyclaulacidea adairae Leathers n. sp.
Figs. 2.2A, 2.5C, 2.5D, 2.5E, 2.7B, 2.8A, 2.1OD

DIAGNOSIS: Scape longer dorsally than ventrally (Fig. 2.5E). Rectangular
bump on petiole narrowing posteriorly (Fig. 2.8A). Terga 1-3 black dorsally,
yellowish orange laterally (Fig. 2.1 OD).

LENGTH: 7.0-8.3 [8.0] mm.
HEAD: Antenna with 42-45 [44] flagellomeres. Scape longer dorsally
than ventrally. Scape lacking apical and pre-apical shelf-like process, [1.51-2.0

times longer than maximally wide. First flagellomere 1.2-1.4 [1.3] times longer
than second fiagellomere, 1 .3[1 .6] times longer than third fiagellomere. Third

fiagellomere 1.0-1.3 [1.1] times longer than wide. Apical fiagellomere 1.5-1.8
[1.6] times longer than wide. Flagellomere length equal to or greater than width.
Horizontal length of eye 1 .6[2.2] times longer than length of head behind eye.
Transverse diameter of posterior ocellus 0.9-1.5 [1.11 times post-ocellar length.

Distance between posterior ocellus and eye 2.9-3.8 [3.5] times post-ocellar length.
Longitudinal bump between antennal sockets present. Facial ridges bowed outward.

Anterior groove between antennal sockets absent. Area between ridges filled in
creating a raised median area. Median carina on face present, developed into raised
tear-drop shaped area. Area between median carina and ridges with ladder-like series
of horizontal carinae. Ridges running at 45° angle from middle ridge to antenna!

sockets strong. Groove around eyes present, [smooth] or crenulate. Eye height
1 .2[1 .3] times greater than eye width, [1.21-1.5 times greater than width of face.

Width of head 2.2-2.8 [2.3] times greater than width of face. Inter-tentorial distance
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2.0-2.4 [2.2] times clypeus height. Tentorio-ocular distance 0.8[1 .1] times clypeus
height. Clypeus [partially filled in dorsally], or completely filled in but uneven.
Ventral margin of clypeus concave. Area around clypeus with series of large
crenulae and sharp ridge separating from rest of face, or [separated from rest of face

by large smooth groove]. Face 0.9-1.2 [1.0] times wider than high. Malar suture

paralleled by 2[5] ridges. Malar space [0.2]-0.3 times eye height.
MESOSOMA: Mesosoma 1.3-1.5 [1.4] times longer than high. Pronotum
with deep, smooth groove anteriorly. Notaulus not impressed. Border between
mesoscutum and scutellum with weak carinate groove, lacking strong median carina

and enlarged median pit. Propodeal spiracle oval to [crescent-shaped], 2.5-3.3 [2.9]
times higher than wide.
Fore tibia [1 .1 ]-1 .2 times longer than fore femur. Fore tarsus not laterally

compressed, [1.51-1.6 times longer than fore femur. Fore basitarsus [3.7]-5.0 times
longer than wide, 1 .6[1 .8] times longer than second tarsomere. Hind femur 3.8-4.2

[3.9] times longer than wide, 2.0[2.4] times longer than basitarsus. Hind tibia

2.5[2.9] times longer than basitarsus. Outer and inner hind tibial spurs 0.5[0.6]
and 0.6-[0.7] times longer than basitarsus, respectively. Hind basitarsus 3.4-4.1 [3.6]
times longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. 1M
1.7-2.5 [2.0] times longer than iRS. 2M 3.5-4.1 [3.6] times longer than r-m. imcu 1.2-1.6 [1.4] times longer than r, 1.5-2.2 [1.6] times as thick as (RS+M)a. 2RS
[1.31-1.5 times longer than r-m. 3RSa [3.01-3.4 times longer than r-m, 4.6-6.2

[5.3] times longer than r. 3RSb 6.0-7.6 [7.1] times longer than r. C+SC+R and iRS
forming an angle of 67-73° [71°]. Fore wing length 6.9-8.0 [7.9] mm.
Hind wing vein Ria [1.31-1.8 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
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raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, with pair of lateral carinae entirely separated from

median bump. First tergite [0.91-1.1 times longer than wide. Border between first
and second tergite straight with edges curving anteriorly. Second median tergite
with strongly pinched-up area not reaching third tergite. Suturiform articulation with
weak, smooth, M-shaped, weakly arched groove; with carina present along anterior

margin. Second tergite [0.41-0.5 times longer than wide, [0.71-0.9 times longer

than third tergite. Third tergite [0.51-0.6 times longer than wide. Hypopygium with
convex dorsal margin. Ovipositor 0.8El .0] times body length.
COLOR: Entirely black except lateral parts of terga 1-3 yellowish orange
and sometimes apical parts of mid and hind trochantellus yellowish orange or red.
Wings entirely black.

DISTRIBUTION AND MATERIAL EXAMINED: Known from
Guanacaste, Alajuela, and Heredia provinces of Costa Rica. 7

1c examined.

Holotype ?. COSTA RICA: Guanacaste: 3km SE R. Naranjo, 3-8.iii.1992,

F.D. Parker (EMUS JL000 100). Paratypes. COSTA RICA: Guanacaste: 3km
SE R. Naranjo: 2

,

3-8.iii.1992, F.D. Parker (EMUS

28.xi-5.xii.1991, F.D. Parker (EMUS
JL0001O6). Alajuela: 2

,

JL0001O2, 000105); 1

,

JL0001O3); 1c, xii.1991, F.D. Parker (EMUS

20.xi.1990, F.D. Parker (EMUS JL00023 1, 000232).

Heredia: F. La Selva, 3km S. Pto. Viejo: 1

,

l4.iii.l980, H.A. Hespenheide (ESUW

JL000233).

REMARKS: Coloration appears almost identical to C. snyderorum

sp.

n.,

but can be consistently distinguished using the diagnostic characters in the key.

ETYMOLOGY: For Lila Adair for her support of science education at
Central Gwinnett High School in Lawrenceville, Georgia, USA.
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Cyclaulacideafergusoni Leathers n. sp.
Figs. 2.5A, 2.5B, 2.7A, 2.1OB

DIAGNOSIS: Suturiform articulation with deep groove (Fig. 2.7A). Facial
ridges bowed inward. Terga 4-6 black dorsally, yellowish orange laterally (Fig.
2.1OB).

LENGTH: 8.6 mm.
HEAD: Antenna with 46 fiagellomeres. Scape longer ventrally than
dorsally. Scape with shelf-like process apically, lacking pre-apical shelf, 2.1 times
longer than maximally wide. First flagellomere 1.4 times longer than second
flagellomere, 1.5 times longer than third fiagellomere. Third flagellomere 1.5 times

longer than wide. Apical flagellomere 1.8 times longer than wide. Flagellomere
length equal to or greater than width. Horizontal length of eye 1.6 times longer than
length of head behind eye. Transverse diameter of posterior ocellus 0.8 times postocellar length. Distance between posterior ocellus and eye 2.6 times post-ocellar

length. Longitudinal bump between antennal sockets absent. Facial ridges bowed
inward. Deep anterior groove between antennal sockets absent. Area between ridges
filled in creating a raised median area. Median carina on face present, developed into
raised tear-drop shaped area. Area between median carina and ridges with ladderlike series of horizontal carinae. Ridges running at 45° angle from middle ridge to

antennal sockets strong. Groove around eyes present and smooth. Height of eye 1.2
times greater than eye width and 1.5 times greater than width of face. Width of head
2.6 times greater than width of face. Inter-tentorial distance 2.4 times clypeus height.
Tentorio-ocular distance 0.9 times longer than clypeus high. Clypeus completely
filled in but uneven. Ventral margin of clypeus concave. Area around clypeus with
series of large crenulae and sharp ridge separating from rest of face. Face 0.9 times
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wider than high. Malar suture paralleled by 6 ridges. Malar space 0.2 times eye
height.

MESOSOMA: Mesosoma 1.6 times longer than high. Pronotum with deep,
smooth groove anteriorly. Notaulus weakly impressed. Border between mesoscutum
and scutellum with carinate groove, lacking median carina and enlarged median pit.
Propodeal spiracle crescent-shaped, 2.3 times higher than wide.

Fore tibia 1.0 times the length of fore femur. Fore tarsus strongly laterally
compressed, 1.6 times longer than fore femur. Fore basitarsus 4.7 times longer
than wide, 2.0 times longer than second tarsomere. Hind femur 4.0 times longer
than wide, 1.9 times longer than basitarsus. Hind tibia 2.7 times longer than
basitarsus. Outer and inner hind tibial spurs 0.4 and 0.6 times longer than basitarsus,
respectively. Hind basitarsus 4.6 times longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. 1M

2.4 times longer than iRS. 2M 4.2 times longer then r-m. im-cu 1.3 times longer
than Fore wing vein r, 1.5 times as thick as (RS+M)a. 2RS 1.5 times longer than r-

m. 3RSa 3.3 times longer than r-m, 4.8 times longer than r. 3RSb 5.8 times longer

than r. C+SC+R and iRS forming an angle of 67°. Fore wing length 7.8 mm.
Hind wing vein Ria 1.4 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, with pair of lateral carina entirely separated from

median bump. First tergite 0.8 times longer than wide. Border between first and
second tergite straight with edges curving anteriorly. Second tergite with strongly
pinched-up area not reaching third tergite. Suturiform articulation with deep,
smooth, M-shaped, weakly arched groove; carina along anterior margin present.

Second tergite 0.5 times longer than wide, 0.7 times longer than third tergite. Third
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tergite 0.7 times longer than wide.

COLOR: Black except as follows: mouthparts white, pronotum with
yellowish orange stripe on ventral third, fore tarsus and mid tarsus yellowish orange
with telotarsus black, hind trochantellus mostly black with some red apically, tergum
1 yellowish orange laterally, terga 2 and 3 reddish orange, terga 4-6 yellowish orange

laterally. Wings entirely black.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
specimen. 15 examined.

Holotype

5.

PANAMA: N.Panama, 1050m, Fortuna, Chiriqul, 22-

28.v. 1979, H. Wolda (RMNH JL000235).

ETYMOLOGY: For George Ferguson for his generous support of this
project and systematic entomology at Oregon State University.

Cyclaulacidea hun/en

Leathers n. sp.

Figs. 2.9A, 2.1OA

DIAGNOSIS: Fore wing banded: clear, black, clear, black (Fig. 2.1OA).
Maxillary and labial palpomeres white. Horizontal length of eye (in dorsal view) 1.5
times longer than length of head behind eye. Antenna with 42 flagellomeres.

LENGTH: [7.0]-7.5 mm.
HEAD: Antenna with 42 flagellomeres. Scape longer ventrally than
dorsally. Scape with shelf-like process apically, lacking pre-apical shelf. Scape
[1.81-2.1 times longer than maximally wide. First flagellomere [1.31-1.4 times
longer than second flagellomere, [1.41-1.5 times longer than third flagellomere.
Third flagellomere 1.1 times longer than wide. Apical flagellomere [1.6] times

longer than wide. Flagellomere length equal to or greater than width. Horizontal
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length of eye 1.5 times longer than length of head behind eye. Transverse diameter
of posterior ocellus 1 .0--[1 .2] times post-ocellar length. Distance between posterior

ocellus and eye 3.9[4.9] times post-ocellar length. Facial ridges parallel. Anterior
groove between antennal sockets very weak. Area between ridges filled in creating
a raised median area. Median carina on face present, developed into raised teardrop shaped area. Area between median carina and ridges with ladder-like series
of horizontal carinae. Ridges running at 45° angle from middle ridge to antennal
sockets strong. Groove around eyes present and crenulate. Eye height [1 .3J-1 .4

times greater than eye width, 1.4 times greater than width of face. Width of head
2.4 times greater than width of face. Inter-tentorial distance [2.21-2.3 times clypeus

height. Tentorio-ocular distance 1.1 times longer than clypeus high. Clypeus
partially filled in dorsally. Ventral margin of clypeus concave. Area around clypeus
with series of large crenulae and sharp ridge separating from rest of face. Face

[0.91-1.0 times wider than high. Malar suture paralleled by 2 ridges. Malar space
0. 1[0.2] times eye height.
MESOSOMA: Mesosoma 1.4 times longer than high. Pronotum with deep,
smooth groove anteriorly. Notaulus not impressed. Border between mesoscutum
and scutellum with carinate groove, lacking median carina or enlarged median pit;

median part of groove sometimes filled in. Propodeal spiracle oval, 2.0[2.2] times
higher than wide.

Fore tibia I .1 times longer than fore femur. Fore tarsus not laterally
compressed, 1.6 times longer than fore femur. Fore basitarsus [4.21-4.8 times longer

than wide, [1 .6]-1 .7 times longer than second tarsomere. Hind femur 3.6[4.0] times

longer than wide, 1 .8[2.7] times longer than basitarsus. Hind tibia 2.4[2.7] times
longer than basitarsus. Outer and inner hind tibial spurs 0.5 and 0.7 times length of

basitarsus, respectively. Hind basitarsus 4.0[4.7] times longer than wide.
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Fore wing venation: 1 M and 1 cu-a intersect. (RS+M)b broken apically.

1M

1.9[2.OJ times longer than iRS. 2M 3.4[3.5] times longer then r-m. im-cu 1.1
[1.2] times longer than Fore wing vein r, [1.21-1.4 times as thick as (RS+M)a. 2RS

l.l[1.2] times longer than r-m. 3RSa 3.0 times longer than r-m, 4.8[5.3] times
longer than r. 3RSb 5.1[5.5] times longer than Fore wing vein r. C+SC+R and iRS
forming an angle of 72°. Fore wing length [7.0]-7.5 mm.
Hind wing vein Ria [1.51-1.6 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, lacking pair of lateral carina entirely separated from

median bump. First tergite [0.81-0.9 times longer than wide. Border between first
and second tergite straight with edges curving anteriorly. Second tergite smooth,
with slightly elevated pinched-up area anteriorly. Suturiform articulation with weak,
smooth, V-shaped, weakly arched groove; with carina present along anterior margin.

Second tergite [0.41-0.5 times longer than wide, [0.81-0.9 times longer than third

tergite. Third tergite [0.5J-0.6 times longer than wide. Hypopygium with convex
dorsal margin. Ovipositor 1. 1[1 .2] times body length.

COLOR: Black except as follows: maxillary and labial palpomeres white,
metanotum sometimes yellowish orange, propodeum yellowish orange, fore tarsus

yellowish orange but telotarsus black, terga 1-4 yellowish orange. Fore wing banded
clear, black, clear, black; hind wing yellow in basal half, black apically.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
locality in the Alajuela province of Costa Rica. 2

Holotype

.

examined.

COSTARICA: Alajuela: 20km S. Upala, 22-31.x.1991, F.D.

Parker (EMUS JL000 109). Paratype. 1

,

COSTA RICA: Alajuela: 20km S.

Upala, 16.x.1990, F.D. Parker (EMUS JL00011O).
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ETYMOLOGY: For Mark D. Hunter of The University of Georgia.

Cyclaulacidea picki Leathers n. sp.
Figs. 2.7C, 2.8C, 2.12C

DIAGNOSIS: Suturiform articulation barely distinguished from remainder
of metasomal syntergum 2+3 (Fig. 2.7C). Strongly raised bump on petiole tongueshaped (Fig. 2.8C). Median ridge on face developed into tear-drop shaped area (as in
Figs 2.2A, 2.2B).

LENGTH: 10.3 mm.
HEAD: Antenna broken after 46th fiagellomere. Scape longer ventrally
than dorsally. Scape with shelf-like process apically, lacking pre-apical shelf, 1.8
times longer than maximally wide. First fiagellomere 1.3 times longer than second
flagellomere and 1.3 times longer than third fiagellomere. Third fiagellomere
1.5 times longer than wide. Flagellomere length equal to or greater than width.
Horizontal length of eye 0.9 times longer than length of head behind eye. Transverse
diameter of posterior ocellus 1.6 times post-ocellar length. Distance between
posterior ocellus and eye 5.3 times post-ocellar length. Longitudinal bump between
antenna! sockets present. Facial ridges bowed outward. Deep anterior groove
between antennal sockets absent. Area between ridges not filled in, level with rest
of face. Median carina on face present, developed into raised tear-drop shaped area.
Area between median carina and ridges with ladder-like series of horizontal carinae.

Ridges running at 45° angle from middle ridge to antenna! sockets strong. Groove
around eyes present and smooth. Eye height 1.3 times greater than eye width, 1.3
times greater than width of face. Width of head 2.4 times greater than width of face.
Inter-tentorial distance 2.5 times clypeus height. Tentorio-ocular distance 1.1 times
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longer than clypeus high. Clypeus partially filled in dorsally. Ventral margin of
clypeus concave. Area around clypeus not differentiated from rest of face. Face 1.0
times wider than high. Malar suture paralleled by 8 ridges. Malar space 0.2 times
eye height.

MESOSOMA: Mesosoma 1.6 times longer than high. Pronotum with
weak groove anteriorly. Notaulus not impressed. Border between mesoscutum and
scutellum with carinate groove, lacking median carina and enlarged median pit.
Propodeal spiracle crescent-shaped, 1.9 times higher than wide.

Fore tibia 1.1 times longer than fore femur. Fore tarsus not laterally
compressed, 1.7 times longer than fore femur. Fore basitarsus 5.2 times longer
than wide, 1.7 times longer than second tarsomere. Hind femur 4.1 times longer
than wide, 1.5 times longer than basitarsus. Hind tibia 2.6 times longer than
basitarsus. Outer and inner hind tibial spurs 0.3 and 0.5 times longer than basitarsus,
respectively. Hind basitarsus 5.5 times longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically.
IM 2.3 times longer than iRS. 2M 3.5 times longer then r-m. im-cu 1.3 times
longer than r, 1.7 times as thick as (RS+M)a. 2RS 1.2 times longer than r-m. 3RSa
2.9 times longer than r-m, 4.8 times longer than r. 3RSb 5.4 times longer than r.
C+SC+R and IRS forming an angle of 71°. Fore wing length 9.0 mm.

Hind wing vein Ria 1.8 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised tongue-shaped bump. First tergite lacking lateral carina adjacent to median
bump, with pair of lateral carina entirely separated from median bump. First tergite
1.1 times longer than wide. Border between first and second tergite straight with
edges curving anteriorly. Second tergite smooth, with slightly elevated pinched-

up area anteriorly. Suturiform articulation barely distinguished from remainder of
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syntergite, lacking groove, M-shaped, weakly arched; lacking carina along anterior

margin. Second tergite 0.7 times longer than wide 1.4 times longer than third tergite.
Third tergite 0.5 times longer than wide. Hypopygium with convex dorsal border.
Ovipositor 1.1 times body length.

COLOR: Yellowish orange and black. Head black with maxillary and labial
palpomeres yellowish orange.

Mesosoma yellowish orange except propleuron black. Fore and mid legs
yellowish orange except both coxae black and tarsi yellowish orange with telotarsus

black. Hind leg black except some yellowish orange on basal part of tibia. Fore
wing banded: black, yellow, black, yellow, black, costa black. Hind wing banded:
yellow, black, clear.

Terga 1-4 yellowish orange. Terga 5-8 and ovipositor sheath black.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
specimen.

1

examined.

biotype ?. SURINAME: Suriname Exp. 1948-1949, Nassau Mts.,
Malowijne, 15.ii.1949, D.C. Geijskes (RMNH JL000202).
REMARKS: This species is very strange and may not be a member of
Cyclaulacidea. Although it has the tear-drop shaped median area of the face, a
putative synapomorphy for Cyclaulacidea, it lacks the well-developed suturiform
articulation and rectangular bump on the first tergite that all other species of
Cyclaulacidea possess.

ETYMOLOGY: For John Pickering of The University of Georgia.

Cyclaulacidea p01/sue Leathers n. sp.

Fig. 2.l2B
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DIAGNOSIS: Fore wing black with one clear stripe. Hind wing black with
clear apical tip. Terga 1-7 black dorsally, reddish orange laterally (Fig. 2.12B).

LENGTH: 8.0 mm.
HEAD: Antenna with 46 fiagellomeres. Scape longer ventrally than
dorsally. Scape with shelf-like process apically, lacking pre-apical shelf, 1.5 times

longer than maximally wide. First fiagellomere 1.4 times longer than second
fiagellomere, 1.5 times longer than third flagellomere. Third flagellomere 1.1 times

longer than wide. Apical fiagellomere 1.7 times longer than wide. Flagellomere
length equal to or greater than width. Horizontal length of eye 1.5 times longer than
length of head behind eye. Transverse diameter of posterior ocellus 0.8 times postocellar length. Shortest distance between posterior ocellus and eye 2.9 times post-

ocellar length. Longitudinal bump between antennal sockets present. Facial ridges
diverging outward straight from clypeus to antennal sockets. Deep anterior groove
between antennal sockets absent. Area between ridges not filled in, level with rest
of face. Median carina on face present, developed into raised tear-drop shaped area.
Area between median carina and ridges with ladder-like series of horizontal carinae.

Ridges running at 45° angIe from middle ridge to antennal sockets strong. Groove
around eyes present and crenulate. Eye height 1.3 times greater than eye width, 1.2
times greater than width of face. Width of head 2.3 times greater than width of face.
Inter-tentorial distance 2.5 times clypeus height. Tentorio-ocular distance 1.3 times
longer than clypeus high. Clypeus completely filled in but uneven. Ventral margin
of clypeus concave. Area around clypeus with series of large crenulae and sharp

ridge separating from rest of face. Face 1.1 times wider than high. Malar suture
paralleled by 4 ridges. Malar space 0.2 times eye height.

MESOSOMA: Mesosoma 1.5 times longer than high. Pronotum with deep,
smooth groove anteriorly. Notaulus not impressed. Border between mesoscutum

and scutellum with carinate groove, lacking median carina and median area not

enlarged into a median pit. Propodeal spiracle oval, 2.0 times higher than wide.
Fore tibia 1.2 times longer than fore femur. Fore tarsus not laterally
compressed, 1.6 times longer than fore femur. Fore basitarsus 4.2 times longer
than wide, 1.8 times longer than second tarsomere. Hind femur 3.8 times longer
than wide, 1.8 times longer than basitarsus. Hind tibia 2.6 times longer than
basitarsus. Outer and inner hind tibial spurs 0.4 and 0.6 times longer than basitarsus,
respectively. Hind basitarsus 5.5 times longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. 1M
2.1 times longer than IRS. 2M 3.6 times longer then r-m. im-cu 1.1 times longer
than r, 1.8 times as thick as (RS+M)a. 2RS 1.1 times length of r-m. 3RSa 3.2 times
longer than r-m, 5.1 times longer than r. 3RSb 4.7 times longer than r. C+SC+R and
iRS forming an angle of 78°. Fore wing length 7.6 mm.

Hind wing vein Ria 1.5 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, lacking pair of lateral carina entirely separated from

median bump. First tergite 0.9 times longer than wide. Border between first and
second tergite straight with edges curving anteriorly. Second tergite with strongly
pinched-up area not reaching third tergite. Suturiform articulation with weak,
smooth, M-shaped, weakly arched groove; with carina present along anterior margin.

Second tergite 0.5 times longer than wide, 0.7 times longer than third tergite. Third

tergite 0.6 times longer than wide. Hypopygium with flat dorsal border. Ovipositor
1.0 times body length.

COLOR: Mostly black except maxillary and labial palpomeres yellowish
orange apically, margins of eyes yellowish orange, and terga 1-7 reddish orange
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laterally. Fore wing black with one clear stripe. Hind wing black with clear apical
tip.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
specimen. 1

examined.

Holotype

.

MEXICO: Orizaba, 1867, 0. Sichel, (MNHN JL000243).

ETYMOLOGY: For Martha Potts of The University of Kentucky.

Cyclaulacidea riceorum Leathers n. sp.
Figs. 2.6B, 2.11B

DIAGNOSIS: Fore wing veins 1M and lcu-a intersect. Hind tarsus black
but basal part of basitarsus orange. Ovipositor 1.2 times body length. Horizontal
length of eye (in dorsal view) 1.0-1.4 times longer than length of head behind eye.
Fore tibia entirely yellowish orange (Fig. 2.11B).

LENGTH: 7.8[10.1] mm.
HEAD: Antenna with 48[52] fiagellomeres. Scape longer ventrally than
dorsally, with shelf-like process apically, lacking pre-apical shelf, 1 .7[2. 1] times

longer than maximally wide. First flagellomere 1.3-1.5 [1.4] times longer than
second fiagellomere and 1 .4[1 .6] times longer than third fiagellomere. Third
fiagellomere [1 .2]-1 .3 times longer than wide. Apical fiagellomere [1 .8]-2.9 times

longer than wide. Flagellomere length equal to or greater than width. Horizontal
length of eye [1.01-1.4 times longer than length of head behind eye. Transverse

diameter of posterior ocellus 0.9fl .2] times post-ocellar length. Shortest distance
between posterior ocellus and eye 2.8[4.0] times post-ocellar length. Longitudinal
bump between antennal sockets present. Facial ridges parallel. Deep anterior groove
between antennal sockets very weak. Area between ridges not filled in, level with

rest of face, or filled in creating a raised median area. Median carina on face present,
developed into raised tear-drop shaped area. Area between median carina and ridges

with ladder-like series of horizontal carinae. Ridges running at 45° angle from
middle ridge to antennal sockets strong. Groove around eyes present and crenulate.
Eye height [1 .3]-1 .4 times greater than eye width, 1.2-1.7 [1.3] times greater than

width of face. Width of head 2.1-2.7 [2.2] times greater than width of face. Intertentorial distance 1.9-3.1 [2.0] times clypeus height. Tentorio-ocular distance 0.71.1 [0.9] times longer than clypeus high. Clypeus partially filled in dorsally. Ventral

margin of clypeus concave. Area around clypeus with series of large crenulae but
lacking ridge, or [with series of large crenulae and sharp ridge separating from rest of

face]. Face 0.7-1.1 [0.8] times wider than high. Malar suture paralleled by 1-4 [3]
ridges. Malar space 0.1-40.2] times eye height.

MESOSOMA: Mesosoma 1 .6[l .7] times longer than high. Pronotum
with deep, smooth groove anteriorly. Notaulus not impressed. Border between
mesoscutum and scutellum with carinate groove. Border between mesoscutum and
scutellum lacking median carina and enlarged median pit. Propodeal spiracle [oval]

to crescent-shaped, 2.0-2.5 [2.2] times higher than wide.
Fore tibia 1. 1[1 .2] times longer than fore femur. Fore tarsus not laterally
compressed, [1 .6]-1 .7 times longer than fore femur. Fore basitarsus 4.3-5.4 [5.2]

times longer than wide, 1.5-1.8 [1.6] times longer than second tarsomere. Hind
femur 3.8-44.0] times longer than wide, [1 .6]-1 .8 times longer than basitarsus. Hind

tibia [2.3]-2.7 times longer than basitarsus. Outer and inner hind tibial spurs [0.4]0.5 and 0.6 times longer than basitarsus, respectively. Hind basitarsus 5.0-6.2 [6.0]

times longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. 1M

1.9-2.1 [2.0] times longer than iRS. 2M 3.3[3.8] times longer then r-m. im-cu
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1.0-1.5 [1.2] times longer than r, 1.1-2.2 [1.5] times as thick as (RS+M)a. 2RS

1.2[1.3] times longer than r-m. 3RSa 2.7[3.2] times longer than r-m, 4.3-6.2 [5.0]
times longer than r. 3RSb [5.21-7.2 times longer than r. C+SC+R and iRS forming

an angle of 72-78° [74°]. Fore wing length 7.3[8.6] mm.
Hind wing vein Ria [1.4]-1.6 times longer than lr-m.
METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, lacking pair of lateral carina entirely separated from

median bump. First tergite 0.8-1.1 [1.0] times longer than wide. Border between
first and second tergite straight with edges curving anteriorly. Second tergite smooth,

with slightly elevated pinched-up area anteriorly. Suturiform articulation with weak,
smooth, V-shaped, weakly arched groove; with carina along anterior margin. Second

tergite [0.5]-0.6 times longer than wide, 0.7-0.9 [0.8] times longer than third tergite.

Third tergite 0.6[0.7] times longer than wide. Hypopygium with convex dorsal
border. Ovipositor 1.2 times body length.

COLOR: Black and yellow. Head black except maxillary and labial
palpomeres and sometimes areas around margins of eyes and posterior to malar
suture yellowish orange.

Mesosoma black except sometimes dorsal parts of propodeum yellowish

orange. Forecoxa, trochanter, trochantellus, and femur black or yellowish orange.
Fore tibia yellowish orange. Fore tarsus yellowish orange but telotarsus black.
Mid coxa black, or yellowish orange, or mostly yellowish orange with some black

basally. Mid trochanter black, or yellowish orange. Mid trochantellus yellowish
orange. Mid femur black, or yellowish orange, or mostly black, with some yellowish
orange on both ends. Mid tibia yellowish orange, or yellowish orange but black in
apical quarter. Mid tarsus mostly yellowish orange but telotarsus black. Hind coxa
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and trochanter black. Hind trochantellus yellowish orange. Hind femur black, or
black in apical half, yellowish orange basally, or mostly black with some yellowish

orange by trochanter. Hind tibia black, or mostly black but yellowish orange basally.
Hind tarsus black but basal part of basitarsus orange. Fore wing banded: yellow,
black, yellow, black, costa yellow. Hind wing yellow in basal half, black apically, or
banded: yellow, black, yellow.

Terga 1-3 yellowish orange. Tergum 4 yellowish orange anteriorly, black
posteriorly. Tergum 5 black, or yellowish orange anteriorly, black posteriorly. Terga
6-8 and ovipositor sheath black.

DISTRIBUTION AND MATERIAL EXAMINED: Kno

from Peru and

Brazil. 2?, 4'c' examined.
Holotype ?. PERU: Madre de Dios: Rio Tambopata Reserve, 30km (air)
SW Puerto Maldonado, 290m, 25-30.iv.1984, W.J. Pulawski (CAS

Paratypes. PERU: 1

,

Madre de Dios: Rio Tambopata Reserve, 30km (air) SW

Puerto Maldonado, 290m, 25-30.iv.1984, W.J. Pulawski (CAS
Valley, Tingo Maria, E.I. Schlinger & E.S. Ross: 1
1c3' 19.x.l 954 (CAS

JL000094).

JL000162); Monzon

2.xi.1954 (CAS

JL000241), 1c' 3.xi.1954 (CAS

JL000240),

JL000242). BRAZIL: 1c3',

Utiariti (325m), Rio Papagaio, viii. 1961, K. Lenko (MZSP JL000244).

ETYMOLOGY: For Harold and Leona Rice for their generous support of
this research and systematic entomology at Oregon State University.

Cyclaulacidea rominus Leathers n. sp.
Figs. 2.2B, 2.11D

DIAGNOSIS: Fore wing banded yellow, black, yellow, black; costa black
(Fig. 2.11D). Mid femur entirely black. Facial ridges bowed outward (Fig. 2.2B).
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Propodeal spiracle crescent-shaped, [2.7]-3.2 times higher than wide.

LENGTH: [8.81-9.6 mm.
HEAD: Antenna with [48]-53 flagellomeres. Scape longer ventrally than
dorsally. Scape without any shelf-like process apically, or with shelf-like process
apically, lacking pre-apical shelf. Scape 1 .6[1 .7] times longer than maximally wide.
First flagellomere [1 .2]1 .4 times longer than second fiagellomere, [1 .3]-1 .4 times

longer than third flagellomere. Third flagellomere 1 .O[ 1.1] times longer than wide.

Apical flagellomere 1 .8[1 .9] times longer than wide. Flagellomere length [equal to
or greater than width], or distinctly less than width. Horizontal length of eye 1.4

[1.7] times longer than length of head behind eye. Transverse diameter of posterior
ocellus 1 .O[1 .1] times post-ocellar length. Distance between posterior ocellus and

eye 3.5 times post-ocellar length. Longitudinal bump between antennal sockets

present. Facial ridges bowed outward. Deep anterior groove between antenna!
sockets very weak. Area between ridges not filled in, level with rest of face. Median
carina on face present, developed into raised tear-drop shaped area. Area between
median carina and ridges with ladder-like series of horizontal carinae. Ridges
running at 45° angle from middle ridge to antennal sockets strong. Groove around
eyes present and crenulate. Eye height 1.3 times greater than eye width, 1.2 times

greater than width of face. Width of head 2.2 times greater than width of face. Intertentorial distance 2.O[2.3] times clypeus height. Tentorio-ocular distance 1 .O[1 .1]
times longer than clypeus high. Clypeus partially filled in dorsally. Ventral margin
of clypeus concave. Area around clypeus with series of large crenulae and sharp

ridge separating from rest of face. Face 1.1 [1.2] times wider than high. Malar
suture paralleled by 2 ridges. Malar space 0.2 times eye height.

MESOSOMA: Mesosoma [1.41-1.5 times longer than high. Pronotum
with deep, smooth groove anteriorly. Notaulus not impressed. Border between
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mesoscutum and scutellum lacking groove, or [with carinate groove]. Border
between mesoscutum and scutellum lacking median carina and not enlarged into a

median pit. Propodeal spiracle crescent-shaped, [2.7]-3.2 times higher than wide.
Fore tibia [1.1 ]-1 .2 times longer than fore femur. Fore tarsus not laterally
compressed, [1 .6]-1 .7 times longer than fore femur. Fore basitarsus [3.3}-4.3

times longer than wide, [1 .6]-1 .7 times longer than second tarsomere. Hind femur
3.7-[4. 1] times longer than wide, 1 .9-[2. 1] times longer than basitarsus. Hind tibia

[2.51-2.6 times longer than basitarsus. Outer and inner hind tibia! spurs 0.5 and
[O.6]-O.7 times longer than basitarsus, respectively. Hind basitarsus [4.21-4.5 times

longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. 1M

l.5-[1.7] times longer than iRS. 2M 3.3-{3.8] times longer then r-m. im-cu 1.0
times longer than r, 1 .5-[2.OJ times as thick as (RS+M)a. 2RS 1 .O-[1 .2] times longer

than r-m. 3RSa 2.8-[3.1] times longer than r-m, [4.0]-4.4 times longer than r. 3RSb
4.6-[5.0] times longer than r. C+SC+R and iRS forming an angle of 73°. Fore wing
length [9.01-10.3 mm.

Hind wing vein Ria 1.4 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, lacking pair of lateral carina entirely separated from

median bump. First tergite 0.9-[1 .0] times longer than wide. Border between first
and second tergite [straight with edges curving anteriorly], or completely rounded.
Second tergite with strongly pinched-up area not reaching third tergite. Suturiform
articulation with weak, smooth, V-shaped, weakly arched groove; with carina

along anterior margin. Second tergite 0.4-[0.5] times longer than wide, 0.7-[0.9]
times longer than third tergite. Third tergite [0.5]-0.6 times longer than wide.
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Hypopygium with flat to [convex] dorsal border. Ovipositor 0.9 times body length.

COLOR: Head black except maxillary and labial palpomeres black basally,
yellowish orange apically, or entirely yellowish orange.

Mesopleuron mostly black. Metanotum yellowish orange. Propodeum
yellowish orange, or black laterally, yellowish orange dorsally. Metapleuron black,

or mostly black with some yellowish orange by hind wing. Legs entirely black
except as follows: fore tibia black but yellowish orange in basal twelfth, or black
but yellowish orange in basal and apical sixths. Fore tarsus yellowish orange but

telotarsus black. Mid trochantellus yellowish orange. Mid tibia mostly black, but
basal fifth yellowish orange. Mid tarsus mostly yellowish orange but telotarsus black.

Hind trochantellus yellowish orange. Hind tibia mostly black but yellowish orange
basally. Hind tarsus mostly black but basal part of basitarsus and 4th tarsomere

orange, or black but basal part of basitarsus orange. Fore wing banded: yellow,
black, yellow, black, Costa black. Hind wing banded: yellow, black, yellow, black
apical black band complete, or banded: yellow, black, yellow.

Terga 1-4 yellowish orange. Tergum 5 black or yellowish orange. Terga 6-8
and ovipositor sheath black.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from
Suriname. 2
Holotype

.

examined.

SURINAME: Boven Corantyn, Coeroeni eu., 7.x. 1959, Creutzberg,

(RMNH JL000228). Paratype. SURINAME: 1

,

Tapanahoni Saniki, 9.v.1954,

D.C. Geijskes (RMNH JL000229).
ETYMOLOGY: For Michael Robertson.

Cyclaulacidea sharkeyi Leathers n. sp.
Figs. 2.3C, 2.12A
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DIAGNOSIS: Ovipositor sheath black with some yellowish orange in apical
third (but black at apical tip) (Fig. 2.1 2A). Suturiform articulation with shallow
groove (as in Fig. 2.7B). Strongly raised bump on petiole rectangular (as in Fig.
2.8B).

LENGTH: 8.8[14.1] mm.
HEAD: Antenna with 54-58 [57] flagellomeres. Scape longer ventrally than
dorsally. Scape with shelf-like process apically, lacking pre-apical shelf, 1.9-2.3
[2.2] times longer than maximally wide. First flagellomere 1.2-1.5 [1.4] times
longer than second fiagellomere, 1 .4[1.6] times longer than third fiagellomere.

Third fiagellomere [1.11-1.3 times longer than wide. Apical fiagellomere 1.8-2.3
[2.1] times longer than wide. Flagellomere length [equal to or greater than width],
or distinctly less than width. Horizontal length of eye [0.71-0.8 times longer than
length of head behind eye. Transverse diameter of posterior ocellus 0.9-1.4 [1.11
times post-ocellar length. Distance between posterior ocellus and eye 3.8-5.6 [4.8]
times post-ocellar length. Longitudinal bump between antenna! sockets present.
Facial ridges [parallel] or diverging outward straight from clypeus to antennal

sockets. Deep anterior groove between antenna! sockets very weak. Area between
ridges filled-in creating a raised median area. Median carina on face present;
developed into raised chevron or butterfly-shaped area. Area between median carina
and ridges smooth. Ridges running at 45° angle from middle ridge to antenna!

sockets absent, or weak, or [strong]. Groove around eyes present and smooth. Eye
height 1.3-1.5 [1.4] times greater than eye width; 1.0-1.2 [1 .11 times greater than

width of face. Width of head 1.9-2.3 [2.11 times greater than width of face. Intertentorial distance [1 .7]-2.3 times clypeus height. Tentorio-ocular distance 1.0-1.3
[1.2] times longer than clypeus high. Clypeus completely filled in but uneven.
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Ventral margin of clypeus [flat], or concave. Area around clypeus with series of large
crenulae and sharp ridge separating from rest of face. Face [1.1 ]-1 .2 times wider

than high. Malar suture paralleled by [2]-5 ridges. Malar space [0.21-0.3 times eye
height.

MESOSOMA: Mesosoma 1.4-1.7 [1.5] times longer than high. Pronotum
with deep, smooth groove anteriorly. Notaulus not impressed, or [weakly
impressed]. Border between mesoscutum and scutellum with carinate groove.
Border between mesoscutum and scutellum lacking median carina; median area not

enlarged, or enlarged into a median pit. Propodeal spiracle oval, 1 .8[2.4] times
higher than wide.

Fore tibia 1 .0[1 .2] times longer than fore femur. Fore tarsus not laterally

compressed, 1.5-1.7 [1.6] times longer than fore femur. Fore basitarsus 3.9-5.7 [4.3]
times longer than wide, [1.71-1.9 times longer than second tarsomere. Hind femur

3.8[4.2] times longer than wide, 1.6[1.8] times longer than basitarsus. Hind tibia
[2.5]-2.6 times longer than basitarsus. Outer and inner hind tibial spurs 0.4 and 0.5-

[0.6] times longer than hind basitarsus. Hind basitarsus 5.2-6.2 [6.1] times longer
than wide.

Fore wing venation: [IM and lcu-a intersect], or lcu-a intersects Cu distad
1M. (RS+M)b completely tubular, or broken apically. 1M 1.8-2.1 [1.9] times longer

than iRS. 2M [3.l]-3.6 times longer then r-m. im-cu [1.23-1.6 times longer than r,
1.1-1.7 [1.6] times as thick as (RS+M)a. 2RS [1.01-1.2 times longer than r-m. 3RSa
[2.9]-3.2 times longer than r-m, [5.01-6.3 times longer than r. 3RSb [4.6]-6.0 times

longer than r. C+SC+R and iRS forming an angle of 67-73° [72°]. Fore wing length

8.7[12.8] mm.
Hind wing vein Ria [1.3]-1.5 times longer than lr-m.
METASOMA: Base of petiole not deeply excavated. First tergite with
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strongly raised rectangular bump. First tergite with lateral carina closely paralleling
median bump but not forming notches, lacking pair oflateral carina entirely

separated from median bump. First tergite 1. l[1 .3] times longer than wide. Border
between first and second tergite straight with edges curving anteriorly. Second
median tergite smooth, with slightly elevated pinched-up area anteriorly. Suturiform
articulation with weak, smooth, M-shaped, weakly arched groove; with carina

along anterior margin. Second tergite [0.5J-0.6 times longer than wide, 0.7-0.9
[0.8] times longer than third tergite. Third tergite [0. 5JO .7 times longer than wide.

Hypopygium with convex dorsal border. Ovipositor 0.8-1.1 [1.01 times body length.

COLOR: Yellowish orange and black. Head black except maxillary and
labial palpomeres yellowish orange.

Mesosoma yellowish orange except propleuron black. Fore and mid legs
yellowish orange except mid tibia sometimes black in apical quarter and telotarsus

of mid tarsus black. Hind coxa black. Hind trochanter black, or yellowish orange.
Hind trochantellus yellowish orange. Hind femur yellowish orange in basal half,
black in apical half, or mostly black but yellowish orange in basal twelfth. Hind tibia

mostly black but yellowish orange basally. Hind tarsus black. Fore wing banded:
yellow, black, yellow, black, Costa yellow. Hind wing yellow in basal half, black
apically.

Terga 1-4 yellowish orange. Tergum 5 yellowish orange, or yellowish orange
anteriorly, black posteriorly, or black dorsally, yellowish orange laterally. Tergum 6

black, or black dorsally, yellowish orange laterally, or mostly yellowish orange with
some black spots anteriorly. Tergum 7 black, or black dorsally, yellowish orange
laterally. Tergum 8 black. Ovipositor sheath black with some yellowish orange in
apical third (but black at tip).

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
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locality of Dirkshoop, Suriname. 4

Holotype

.

,

1c3' examined.

SURINAME: Dirkshoop, 21.v.1963, J.v.d.Vecht, (RMNH

JL000203). Paratypes. SURINAME: Dirkshoop, 21.v.1963, J.v.d. Vecht: 3
(RMNH JL000236, 000238, 000239),

l3

(RMNH JL000237).

REMARKS: All specimens of this species appear to have been collected
with a fly-swatter or similar instrument. Some morphological characters, especially
continuous ones, may be distorted in this description.

ETYMOLOGY: For Michael J. Sharkey of The University of Kentucky.

Cyclaulacidea snyderorum Leathers n. sp.
Figs. 2.3A, 2.5F, 2.8B, 2.1OC

DIAGNOSIS: Maxillary and labial palpomeres entirely black (Fig. 2.1 OC).

Antenna with 46-52 flagellomeres. Facial ridges diverging outward straight from
clypeus to antennal sockets (Fig. 2.3A). Scape longer ventrally than dorsally (Fig.
2.5F), 1.8-1.9 times longer than maximally wide.

LENGTH: 7.2[9.2] mm.
HEAD: Antenna with 46[52] flagellomeres. Scape longer ventrally than
dorsally. Scape with shelf-like process apically, lacking pre-apical shelf, [1.81-1.9
times longer than maximally wide. First flagellomere 1 .3[1 .4] times longer than
second flagellomere and 1.4 times longer than third flagellomere. Third flagellomere
[1.11-1.3 times longer than wide. Apical flagellomere 1 .8{1 .9] times longer than

wide. Flagellomere length equal to or greater than width. Horizontal length of
eye 1.7 times length of head behind eye. Transverse diameter of posterior ocellus

0.9[1 .1] times post-ocellar length. Distance between posterior ocellus and eye

2.9[3.3] times post-ocellar length. Longitudinal bump between antennal sockets
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present. Facial ridges diverging outward straight from clypeus to antenna! sockets.
Deep anterior groove between antennal sockets absent. Area between ridges filled
in creating a raised median area. Median carina on face present, developed into
raised chevron to butterfly-shaped area. Area between median carina and ridges
[with ladder-like series of horizontal carinae], or irregular rugose, lacking any strong

carinae. Ridges running at 45° angle from middle ridge to antenna! sockets strong.
Groove around eyes present, smooth or [crenulate]. Eye height 1.3 times greater
than eye width, 1.3 times greater than width of face. Width of head 2.3-[2.4] times

width of face. Inter-tentorial distance 2.5[2.8] times clypeus height. Tentorioocular distance 1. 1[1 .2] times longer than clypeus high. Clypeus [partially filled
in dorsally], or completely filled in but uneven. Ventral margin of clypeus concave.
Area around clypeus with series of large crenulae and sharp ridge separating from

rest of face. Face 1 .O{1 .1] times wider than high. Malar suture paralleled by 2[5]
ridges. Malar space 0.2 times eye height.

MESOSOMA: Mesosoma 1 .5[1 .6] times longer than high. Pronotum with
deep, smooth groove anteriorly. Notaulus not impressed. Propodea! spiracle oval to
[crescent-shaped], 1 .9{2.3] times higher than wide.

Fore tibia 1.1 [1.2] times longer than fore femur. Fore tarsus not laterally
compressed, 1 .6[1 .7] times longer than fore femur. Fore basitarsus [4.5]-5.1
times longer than wide, [1 .5]-1 .8 times longer than second tarsomere. Hind femur

[4.0]-4.4 times longer than wide, 1 .7[l .8] times longer than basitarsus. Hind tibia

2.4[2.6] times longer than basitarsus. Outer and inner hind tibial spurs 0.4{0.5]
and 0.6 times longer than basitarsus, respectively. Hind basitarsus [4.4]-5 .2 times
longer than wide.

Fore wing venation: 1M and lcu-a intersect. (RS+M)b broken apically. lM
1.7-2.1 [1.8] times longer than iRS. 2M 3.2-3.5 [3.4] times longer then r-m. im-cu

[0.9]-1.3 times longer than r, [1.51-1.6 times as thick as (RS+M)a. 2RS 1.1[l.2]
times longer than r-m. 3RSa [2.81-2.9 times longer than r-m, [3.81-5.4 times longer

than r. 3RSb [4.11-5.4 times longer than r. C+SC+R and iRS forming an angle of

[701-76°. Fore wing length 7.0[9.1] mm.
Hind wing vein Ria [1.21-1.4 times longer than lr-m.

METASOMA: Base of petiole deeply excavated. First tergite with strongly
raised rectangular bump. First tergite with lateral carina closely paralleling median
bump but not forming notches, lacking pair of lateral carinae entirely separated

from median bump. First tergite [0.81-0.9 times longer than wide. Border between
first and second tergite straight with edges curving anteriorly. Second tergite with
strongly pinched-up area not reaching third tergite. Suturiform articulation with
weak, smooth, V-shaped, weakly arched groove; with carina present along anterior

margin. Second tergite [0.41-0.5 times longer than wide, [0.71-0.8 times longer than

third tergite. Third tergite [0.51-0.6 times longer than wide. Hypopygium with flat
to [convex] dorsal margin. Ovipositor 1.1 times body length.

COLOR: Entirely black except lateral parts of terga 1-3 reddish orange and
sometimes basal parts of fore tarsus and entire or apical parts of hind trochantellus

yellowish orange or red. Wings entirely black.

DISTRIBUTION AND MATERIAL EXAMINED: Known only from type
locality at La Selva, Costa Rica. 3

biotype

.

examined.

COSTA RICA: Heredia: F. La Selva, 3km 5. Pto. Viejo,

4.iv.1987, H.A. Hespenheide (ESUW JL000230). Paratypes. COSTA RICA:
Heredia: 1, F. La Selva, 3km S. Pto. Viejo, l.iv.1980, H.A. Hespenheide (ESUW
JL0001O7); 1

,

LaSelva Res. Sta., 24-30.viii.1988, W.J. Hanson (EMUS

JL0001O1).

REMARKS: Coloration appears almost identical to C. adairae, but can be

consistently distinguished using the diagnostic characters in the key.

ETYMOLOGY: For William E. and Amanda M. Snyder of Washington
State University.
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Table 2.1. Summary of meristic and continuous measurements in species of
Cyclaulacidea. L = length, W = width, D = distance, H height, FW = Fore wing,
BR = broken.

- --------- -

Length (mm)

adai.

bruc,

ferg.

hunt.

mali.

pick.

poll.

rice.

romi.

shar.

snyd.

7.0-8.3

7.0-

8.6

7.0-7.5

7.0-9.5

10.3

8,0

7.8-

8.8-9.6

8.8-

7.2-9.2

46

42

46-54

BR

46

48-52

48-53

54-58

Flagellomeres

46-52

1.8

1,5

1.7-2.1

1.6-1.7

1.9-2,3

ScapeL:W

1.8-1.9

1.2-1.5

1.3-1.4

42-45
1.5-2.0

49-63
1.7-2.2

14.1

10.1

127

2.1

1.8-2.1

1.3-2,5

1.2-1.7

1.4

1,3-1.4

1.3-1.4

1,3

1.4

1.3-1.5

1.2-1,4

1.3-1,6

1.3-1.7

1,5

1.4-1.5

1.4-1.5

1.3

1.5

1.4-1,6

1.3-1.4

1.4-1.6

1.4

1.0-1.3

0.9-1.3

1.5

1.1

1.1

1.5

1.1

1.2-1.3

1.0-I,!

1.1-1.3

1.1-1,3

ApicalfiagellomereL:W

1.5-1,8

1.8-2.2

1.8

1,6

1.6-1.8

BR

1,7

1.8-2.9

1,8-1.9

1.8-2.3

1,8-1.9

Horizontal Leye:Lof head behind eye

1,6-2,2

0.9-1.2

16

1,5

17

0,9

15

1.0-1.4

14-17

0.7-0,8

1.7

Diameter posterior ocellus: post-ocellarL

0.9-1.5

10-1.5

0,8

1.0-12

1.2

1.6

0,8

09-12

10-1.1

0.9-14

0,9-1.1

D between posteriorocellus and eye:
post-ocellar L

2.9-3.8

3.4-4,3

2.6

3.9-4.9

4.3

5.3

2,9

2.8-4.0

3.5

3,7-5,0

2,9-3.3

EyeH:Wofface

1.2-1.3

1.3-1.4

1.2

1.3-1.4

1.2

1.3

1.3

1.3-1.4

1.3

1,3-1.5

1.3

EyeH:Wofface

1.2-1,5

1.1-1,6

1,5

1.4

1.1-1,3

1.3

1.2

1.2-1.7

1.2

1.0-1.2

1.3

W of head:W of face

2,2-2.8

2.0-2.8

2,6

2.4

2.0-2.3

2.4

2.3

2.1-2.7

2.2

1.9-2.3

2.3-2.4

2.4

2.2-2,3

2.7-3.2

2.5

2.5

1.9-3.1

2.0-2.3

1.7-2.3

2.5-2.8

1.3

0,7-1.1

1.0-1.1

1.0-1,4

1.1-1.2

First:secondflagellomere

1,2-1.4

First:third flagellomere

ThirdflagellomereL:W

Inter-tentorial D:clypeasH

2.0-2.4

1.8-2,2

0.8-1.2

0,9

1.1

1,0-1.5

1.1

0.9-1.2

1,0-1,2

0.9

0.9-1,0

1,3

1.0

1.1

0.7-1.1

1.1-1.2

1.1-1.2

1.0-1.1

0.2-0,3

0.1-0.2

0.2

0.1-0.2

0.2

0.2

0.2

0.1-0,2

0.2

0.2-0.3

0.2

MesosomaL:H

13-1,5

1.4-17

1.6

14

1.5-1.9

1.6

15

1.6-1.7

1,4-1.5

14-1 7

1,5-1.6

PropodealspiracleH:W

2.5-3.3

2.0-2.7

2.3

2,0-2.2

3.3

1,9

2,0

2.0-2.5

2.7-3.2

1,8-2.4

1.9-2.3

ForetibiaL.forefemurL

1.1-1.2

1.1-1.2

10

11

1.1-1.2

1.1

12

1.1-1.2

11-12

1.0-12

1,1-1.2

ForetarsusL:forefemurL

1.5-1.6

1.5-1.7

1.6

1.6

1.4-1.6

1,7

1.6

1.6-1.7

1.6-1.7

1.5-1.7

1.6-1,7

ForebnsitarsusL:W

3.7-5.0

3.9-5.7

4.7

4.2-4.8

4,3

5.2

4.2

4.3-5.4

3.3-4.3

3.9-5.7

4,5-5.1

ForebasitarsusL:second tarsomereL

1.6-1.8

1,5-1.8

2.0

1.6-1,7

1,7

1.7

1.8

1.5-1.8

1.6-1.7

1.7-1.9

1.5-1.8

3 8-4.2

3,7-4 0

40

3 6-4,0

4,0

41

3.8

3.8-4 0

3 7-4 I

3.8-4,2

4,0-4 4

1,8

1.5

1.8

1,6-1,8

1.9-2.1

1.6-1.8

1.7-1,8

Tentorio-ocularD:clypeasH

0,8-1,1

FaceW:H
Malarspace:eyeH

Hind femur L.W

HindfemurL:hindbasitarsuaL

2.0-2.4

1,6-1,9

1.9

1.8-2.7

Hind Iibia:hind basitarsus L

2.5-2.8

2,3-2,8

2.6

2.4-2,7

2,4

2.6

2.6

2.3-27

2.5-2.6

2.5-2.6

2,4-2,6

Outer tibial spurL:basitarsus L

0.5-0.6

0,3-0,5

0.4

0.5

0,4-0.5

0.3

0.4

0.4-0.5

0,5

0.4

0.4-0.5

Inner tibial spur L basitarsas L

06-0.7

0,6

06

0,7

0,6

05

06

0,6

0.6-0.7

0 5-0 6

0.6

Hind basitarsus L:W

3.4-4.1

5,4-7,3

4.6

4.0-4.7

6,0

5,5

5.5

5,0-6,2

4.2-4,5

5.2-6.2

4.4-5.2

FW IM:IRS L

1.7-2.5

1,5-2.3

2.4

1,9-2,0

1.7

2.3

2.1

1,9-2.1

1.5-1.7

1.8-2.1

1,7-2.1

FW 2M:r-m L

3.5-4.1

3,1-4.1

4.2

3.4-3.5

3.3

3.5

3.6

3,3-3,8

3,3-3,8

3.1-3.6

3.2-3.5

FW lm-ca'rL

1.2-16

1,0-1.4

13

11-12

1.1-1.3

1,3

Il

1.0-I 5

1,0

1.2-1,6

0.9-13

FW lm-cu:(RS+M)a thickness

1.5-2.2

1.0-2.0

1.5

1.2-1.4

1.6

1.7

1.8

1,1-2.2

1.5-2.0

1.1-1.7

1,5-1,6

FW 2RS:r-m L

1.3-1.5

1.0-1.2

1.5

1,1-1.2

1,1

1.2

1.1

1.2-1.3

1,0-1,2

1.0-1.2

1.1-1.2

FW 3RSa:r-m L

3.0-3.4

2.7-3,6

3.3

3.0

2.9

2,9

3.2

2.7-3.2

2.8-3.1

2.9-3.2

2,8-2.9

FW 3RSa rL

4.6-62

4,5-5.7

48

4,8-5,3

4.1-4,7

4.8

51

43-62

4.0-4.4

5.0-6.3

38-54

FW 3RSb:rL

6.0-7.6

4.4-6.0

5.8

5.1-5.5

4.9-5.7

5.4

4.7

5.2-7.2

46-5.0

46-6.0

4.1-5.4

FW L

6.9-8.0

8.6-

7.8

7,0-7.5

9,7

9.0

7,6

7.3-8.6

9.0-

8.7-

7,0-9,1

10.3

12.8

12.0

Hind wingveinRla:lr-m L

13-1.8

1,1-1.4

14

1.5-1,6

1,5-1.8

1,8

1.5

14-16

14

13-1.5

12-1.4

FirsttergiteL:W

0.9-1.1

0.7-1.2

0.8

0.8-0.9

0.9-1.2

1.1

0.9

0.8-1.1

0.9-1.0

1.1-1.3

0.8-0.9

SecondtergiteL:W

0.4-0,5

0.4-05

05

0.4-05

0.4-0.8

0.7

05

0.5-06

04-05

0.5-0.6

0.4-0.5

0.7-09

0,7-0.9

0.7-0,9

0.7-0.8

Second tergite L:tbird tergite L

0.7-0.9

06-08

0.7

08-09

0.7

1.4

07

ThirdtergiteL.W

05-06

0.5-0.7

0.7

0.5-0.6

0.4

0.5

0.6

06-07

05-06

0.5-0.7

0.5-06

Ovipositor:bodyL

0.8-1.0

1.4-1.5

1.1-1.2

1.0

1.1

1.0

1.2

0.9

0.8-1,1

I.!
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2.7 APPENDIX 2.1

The following new specimens of C.
study: BRAZIL: 4

,

bruchivorus

were examined in this

Rondonia, Faz. Rancho Grande, 62km S. Ariquemes, 12-

22.xi.1991, E.M. Fisher (TAMU JL000047, 000048, 000247, 000248). BOLIVIA:
1

,

Rurrenabaque, Depto. Beni, 175m, x.1956, L.E. Pena (OSUO JL000 108); 1

,

Rurrenabaque, Rio Beni, Mulford Bio. Expl., x.1921-1922, W.M. Mann (USNM

JL000245); I

,

HuachiBeni, Mulford Bio. Expi., ix.1921-1922, Wm.M. Mann

(TAMU JL000246). SURINAME: 1

,

Tibiti savanne, Suriname Exp. 1948-

1949, 17.i.1949, D.C. Geijakes (RMNH JL000249); 1

J.v.d.Vecht (RMNH JL000250); 1
Geijskes (RIVINH

JL000251); 1

,
,

,

Republiek, 10.v.1963,

Tapanahonie, Drietabbetje, 5.v.1952, D.C.

Cowahka, 12.iv.1962, D.C. Geijskes (RMNH

JL000252).

The only new specimen of C. matilei examined in this study: COLOMBIA:
1

,

Amazonas, PNN Amacayacu, Mocagua, 150m, 12-19.iii.2000, A. Parente (IAVH

JL0002O1).

DESIGNATION OF NEW TYPES AND REDESCRIPTION OF
CYCLAULAX GRANDICEPS CAMERON (HYMENOPTERA:
BRACONIDAE BRACONINAE)

Jason W. Leathers, Darlene D. Judd, Andrew V.Z. Brower

Written for: Journal of Entomological Society of Washington
Smithsonian Institution, Washington, DC

3.1 ABSTRACT

The genus Cyclaulax Cameron (Hymenoptera: Braconidae: Braconinae)

was described for specimens of C. grandiceps Cameron housed at the Georgetown
Museum in British Guiana. This museum was destroyed by fire in 1945 and
the types of Cyclaulax are presumed destroyed. A generic level study of the
Compsobracon group of Braconinae has turned up three large and colorful
specimens of Cyclaulax from Colombia that fit Cameron's description of C.

grandiceps perfectly. This species is redescribed based on these specimens a new
Neotype is designated and illustrated with color plates. A key is provided for all
known species of Cyclaulax, and all species of the genus are illustrated in lateral

color Automontage® images. Species of Cyclaulax are found to be much more
morphologically diverse than previously documented.

3.2 INTRODUCTION

In 1911 Cameron published the results of a study of the Hymenoptera ofthe
Georgetown Museum in British Guiana. One of the taxa that he described was a new
genus of Neotropical Braconinae, Cyclaulax. Species of this new genus could be

distinguished from other genera of braconines by the unique shape of the metasomal

syntergite 2+3: the "absence of oblique furrows and there being only one transverse
one," "the small 2nd and large 5th segment of the abdomen," and the "absence of a
longitudinal keel or area on the 2nd segment." The only species he includes in the
genus is the type species, Cyclaulax grandiceps Cameron. The type locality for this
species was not recorded and the description, although more detailed than those of
many contemporary authors, is still brief by modem standards.
On February 23, 1945 ethanol vapor ignited at Bookers Drug Store in
Georgetown, British Guiana causing a fire that rapidly destroyed much of the city

including the Georgetown Museum and presumably Cameron's types. Neither
Donald Quicke nor Mike Sharkey (pers. comm.) is aware of the survival of any of
these specimens, and Sharkey has visited Georgetown and confirmed that there is
no entomology collection except for a new one started in the 1990's. The types of

Cyclaulax grandiceps are therefore treated as destroyed. Until the current study, no
other specimens identified as C. grandiceps were known to exist.

After Cameron's initial description of the genus, Cyclaulax was not
mentioned in literature other than catalogs until 1989 when Quicke (1989a)

transferred Bracon crassitarsis Brues to Cyclaulax and reported the only host record
for Cyclaulax, an unidentified species reared from a cerambycid gallery under bark

of Dacryodes excelsa Vahl in Dominica (1989b). Shortly thereafter, Quicke visited
Budapest to examine Szépligeti's types and transferred Bracon atriceps Szépligeti,

67
B.

binotatus Szépligeti, B. enotatus Szépligeti,

B.

lunatus Szepligeti, B. mesonurus

Szépligeti, B. paraguayensis Szépligeti, and B. sicuaniensis Szépligeti to Cyclaulax
(1991).

3.3 METHODS

As part of a larger study of the entire Compsobracon group of Braconinae (to
which Cyclaulax belongs) 4,918 specimens of the subfamily were examined from
19

insect collections. Specimens were identified to genus using Quicke's

(1997)

key

to the genera of New World Braconinae. When specimens of Cyclaulax identified
by Szépligeti were not available, species of Cyclaulax were identified by comparing
specimens to the original descriptions (Szepligeti

1904, 1906;

Brues

1912).

Our

translations of Szepligeti's descriptions are in Appendix 3.1.
Morphological terminology and character systems examined follow Sharkey
and Wharton (1997), with the exception of morphometric characters, which follow
van Achterberg (1979). Specimens were examined for a total of 68 discrete, 44

continuous, and 3 meristic morphological characters, as well as 41 color characters.
Continuous characters were measured using a Microcode II (Boeckeler Instruments).

Length was measured from head to posterior end of abdomen. Measures of face
height were measured from the tentorial pits rather than the top of the clypeus

to the antennal sockets. The species redescription includes character states
from both the neotypes and neoparatypes. When there is variation in these data
neotype information is denoted in square brackets. Images were produced with an
Automontage® system and edited in Photoshop®.

Specimens are deposited in following museum. The acronyms used here
are taken from Arnett et. al.

(1993):

Instituto Alexander von Humboldt, Santafé de

Figure 3.1. Faces of two species of Cyclaulax. A) Cyclaulax grandiceps Cameron
with highly modified scape and deep groove down middle of face and B) C.
crassitarsus (Brues) with simple scape and lacking groove down face.
Bogota, Colombia (IAVH).

3.4 RESULTS

182 specimens of Cyclaulax were found among the examined braconines.

Although Cameron's description of C. grandiceps is brief, it is sufficiently detailed to
allow the reasonably certain identification of specimens. A series of three specimens

from Colombia fitting the description of C. grandiceps were found. These specimens
match the description of color (Fig. 3.7) and face and scape morphology (Fig. 3.1A).

Additionally, this is the largest species of Cyclaulax known: Cameron records its
length at 12 mm and the new specimens are 10.0-12.8 mm.

6k-)

Figure 3.2. Tibiae of two species of Cyclaulax. A) With deep longitudinal
groove and B) lacking deep longitudinal groove.
Other species of Cyclaulax are quite variable, exhibiting features in several
character systems that are often used as diagnostic characters of other braconine

genera. The shape of the scape is highly variableit can be highly modified with
pre-apical and apical ledges and a basal concavity, as in Cyclaulax grandiceps (like
Atanycolus Foerster) (Fig. 3.1 A), or simply longer ventrally than dorsally (like

Digonogastra Viereck) (Fig. 3.1B). The face can have a deep groove between the
antennal sockets (Fig. 3.1A) or be comparatively flat (Fig. 3.1B). The hind tibia can
have a deep longitudinal depression present (Fig. 3.2A) or absent (Fig. 3.2B). The
clypeus can be completely filled in and flat, or simply be bordered by a smooth ridge.
It is probable that future analyses may reveal that these groups should be treated as

separate genera. To facilitate the clear circumscription of these eventual distinct

entities, a detailed redescription of C. grandiceps is therefore necessary. Members of
Cyclaulax can be recognized from other genera of the Compsobracon group by the

presence of the following combination of characters: a scape that is longer ventrally
than dorsally and a very short second metasomal tergite.

KEY TO SPECIES OF CYCLA ULAX
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Forewing including stigma entirely black to brown ...................................... 2
-

Forewing black but yellow at base (Fig. 3.5) ............................ C. crassitarsis
Forewing black to brown but stigma yellow (Fig. 3.10) ...... C. paraguayensis

Propleuron black ............................................................................................ 3

2.
-

Propleuron yellowish orange (Fig. 3.4) ....................................... C. binotatus

Mesopleuron black ......................................................................................... 4

3.
-

Mesopleuron yellowish orange ...................................................................... 5

Fore and mid femur yellowish orange (Fig. 3.11) ................... C. sicuaniensis

4.
-

Fore and mid femur black (Fig. 3.3) .............................................. C. atriceps

Propodeum black ........................................................................................... 6

5.
-

Propodeum yellowish-orange (Fig. 3.7) ................................... C. grandiceps

Head black with some yellowish orange around mouth or on face ............... 7

6.
-

Head entirely black (Fig. 3.9) .................................................... C. mesonurus

First three tergites entirely black, with middle of second tergite occasionally

7.

reddish orange (Fig. 3.8) ................................................................. C. lunatus
-

First three tergites with yellowish orange areas, especially in middle half of
third tergite and posterior edge of second and third tergites (Fig. 3.6)
..................................................................................... C. enotatus

Redescription of Cyclaulax grandiceps Cameron

71

Figure 3.3. Lateral view of Cyclaulax atriceps (Szepligetl)

72

Figure 3.4. Lateral view of Cyclaulax binolatus (Szépligeti)

73

Figure 3.5. Lateral view of Cyclaulax crassitarsus (Brues).

74

r

Figure 3.6. Lateral view of Cyclaulax enotatus (Szépligeti)

Figure 3.7. Lateral view of Cyclaulax grandiceps Cameron)

75

Figure 3.8. Lateral view of (Jyclaulax lunatus (Szepllgetl).

76

Figure 3.9. Laterial view of

Cyclaulax mesonurus

(Szépligeti)

77

Figure 3.10. Lateral view of Cyclaulax paraguayensis (Szepligeti).

Figure 3.11. Lateral view of Cyclaulax sicuaniensis (Szépligeti)

79

Figs. 3.1A, 3.7

Cyclaulax grandiceps Cameron, 1911: 312.

DIAGNOSIS: Terga 4-6 yellowish orange dorsally, black and white laterally
(Fig. 3.7). Mesosoma yellowish orange except propleuron and anterior part of
pronotum black (Fig. 3.7). Scape highly modified with apical and pre-apical ledge
and basal concavity (Fig. 3. 1A). Face with deep groove between antennal sockets
(Fig. 3.1A).

LENGTH: 10.0-12.8 mm.
HEAD: Antenna with 47-5 3 flagellomeres. Pedicel not swollen or heavily
scierotized. Scape longer ventrally than dorsally, with shelf-like process apically and
pre-apical shelf, and with basal concavity, 1.68-1.92 times longer than maximally
wide. First fiagellomere swollen basally toward vertex of head, 1.23-1.44 times
longer than second fiagellomere and 1.33-1.56 times longer than third flagellomere.

Third fiagellomere 1.06-1.43 times longer than wide. Apical fiagellomere aciculate,
1.98-2.07 times longer than wide. Other fiagellomeres length equal to or greater

than width. Antennal sockets extended from head with narrow plate-like shelf
Vertex of head with smooth depression and groove medially. Transverse diameter

of posterior ocellus 0.70-0.74 times post-ocellar length. Shortest distance between
posterior ocellus and eye 2.29-2.46 times post-ocellar length. Longitudinal bump
between antennal sockets present. Facial ridges present, U-shaped to Y-shaped.
Deep anterior groove between antennal sockets strong. Area between ridges filled in

creating a raised median area. Median carina on face present, developed into raised
chevron or butterfly shaped area. Area between ridges and eyes with ladder-like

series of horizontal carinae. Area between median carina and ridges smooth. Ridges
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running at 45° angle from middle ridge to antenna! sockets weak. Groove around

eyes present and crenulate. Eye 1.33-1.37 times higher than wide. Horizontal
length of eye 1.02-1.17 times longer than length of head behind eye. Height of eye
1.10-1.18 times width of face. Width of head 1.98-2.08 times greater than width
of face. Inter-tentorial distance 2.13-2.29 times clypeus height. Tentorio-ocular
distance 1.62-1.78 times longer than clypeus high. Clypeus separated from rest
of face with smooth ridge, not filled in. Ventral margin of clypeus concave. Area
around clypeus with series of large crenulae and sharp ridge separating from rest of

face. Face glabrous, 1.07-1.18 times wider than high. Malar suture paralleled by
0-5 ridges. Malar space 0.15-0.20 times eye height.
MESOSOMA: Mesosoma 1.74-1.81 times longer than high. Pronotum
with deep, smooth groove anteriorly. Notaulus not impressed. Border between
mesoscutum and scutellum lacking groove, or with smooth or carinate groove,

lacking median carina. Metanotum mostly smooth. Propodeum lacking ridge.
Propodeal spiracle oval, 1.94-2.38 times higher than wide.

Legs: Foretibia 1.16-1.20 times longer than forefemur. Foretarsus strongly
laterally compressed, 1.30-1.38 times longer than forefemur. Fore basitarsus 3.083.65 times longer than wide, 1.69-1.72 times longer than second tarsomere. Tarsal

claw simple. Hind femur 3.46-3.54 times longer than wide, 1.62-1.84 times longer
than basitarsus. Hind tibia lacking longitudinal depression, 2.33-2.76 times longer

than basitarsus. Outer hind tibia! spur 0.39-0.44 times length of basitarsus. Inner
hind tibia! spur 0.48-0.56 times length of hind basitarsus. Hind basitarsus 3.95-4.61
times longer than wide. Hind telotarsus lacking especially thick setae.

Forewing venation: 1M and lcu-a intersect. (RS+M)a strongly curved.
(RS+M)b completely tubular. 1M 1.76-2.30 times length of iRS. 2M 2.87-3.24
times longer then r-m. im-cu 0.74-0.83 times longer than r, 1.01-1.24 times as thick
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as (RS+M)a. 2RS 1.26-1.48 times length of r-m. 3RSa 2.23-2.65 times length of
r-m, 2.78-2.94 times length of r. 3RSb 3.51-3.73 times longer than r. C+SC+R and

iRS forming an angle of 69-70 degrees. Forewing length 8.38-10.74 mm.

Hindwing: With 1 basal hamulus. Rla 1.54-1.76 times longer than lr-m.
Area of reduced setosity on hindwing distal to vein cu-a absent.

METASOMA: First median tergite curved, narrow basally and wide
apically. Base of petiole deeply excavated. First median tergite with weakly raised
triangular bump, lacking median and lateral carina and extra Y-shaped ridge, 0.8 7-

0.88 times longer than wide. Border between first and second tergite straight with
edges curving anteriorly. Second median tergite lacking raised mid-basal triangular
area pointing poisteriorly or anteriorly or pinched up area. Suturiform articulation

with smooth, shallow, weakly arched, M-shaped groove, lacking carina. Apical

branch of suturiform articulation absent. Second tergite 0.23-0.25 times longer than
wide, 0.48-0.53 times length of third tergite. Third tergite smooth; lacking pinchedup area, median longitudinal carina, and mid-basal triangular area; 0.42-0.47 times

longer than wide. Hypopygium pointed apically, with concave dorsal border.
Ovipositor 0.78-0.84 times body length.

COLOR: Head including antenna and mouthparts entirely black. Mesosoma
entirely yellowish orange except propleuron and anterior and ventral part of
pronotum black. Legs entirely black except forecoxa and basal four tarsomeres on
foretarsus yellowish orange, and mid and hind trochantellus sometimes yellowish

orange. Terga 1-2 yellowish orange. Terga 3 entirely yellowish orange, or mostly
yellowish orange, some melanic laterally. Terga 4-6 with some yellowish orange

dorsally, black and white laterally. Terga 7-8 and ovipositor sheath black. Wings
entirely black.

DISTRIBUTION AND MATERIAL EXAMINED: Known from PN
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Tuparro Centro in Vichada region of Colombia. Original type locality lost, but

presumably found in Guyana. 3
Neotype ¶?. COLOMBIA: Vichada: PNN Tuparro Centro, Adm. Malaise,
Muestro No. 270, 140 m, 15-29.vi.2000, W. Villalba (IAVH

Paraneotypes. 2

JL000125).

COLOMBIA: Vichada: PNN Tuparro Centro, Adm. Malaise,

Muestro No. 270, 140 m, 15-29.vi.2000, W. Villalba (IAVH

JL000123, JL000124).
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APPENDIX 3.1

These species descriptions have been translated from Szépligeti's original
German descriptions (Szepligeti 1904, 1906) by Leathers to facilitate identification

of specimens of Cyclaulax. When a description refers to another non-Cyclaulax
description then that reference is also translated after the description that refers to

it. Those descriptions are indented and marked with a * These are all still parts of

Bracon. I have not added any guesswork to these descriptions. For example, the
first description says in part "Ovipositor the same as three-quarters of the abdomen."
Presumably this refers to ovipositor length and abdomen length, but I left the original
description as it stood without adding this.

Bracon atriceps n. sp.

(Szepligeti 1904)

Black; Mesonotum, segments 1-2 and petiole reddish. Ovipositor the same as
three-quarters of the abdomen.
Peru: Marcapata.

Bracon binotatus n. sp.

(Szepligeti 1904)

Forelegs (coxae excluded) more or less completely black. Ovipositor as long
as the abdomen. Otherwise like B. bimaculatus. Length 5-6.5 mm.
Peru: Marcapata
Variety 1.

.

Face without a mark. scutellum black.

Variety 2.

.

Face with indistinct mark. Prothorax and edge of the

Mesopleuron black. Ovipositor as long as

* Bracon bimaculatus n. sp.

Marcapata

of the abdomen. -- Marcapata

(Szépligeti 1904)
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Smooth. Face wrinkled. Head crosswise. Scape inverted eggshaped. Notauli are missing. Inner edge of the stigma is shorter than the
outer. Radial cell reaching the wing tip. Cubital vein bent at the base.
Abdomen lanceolate. First segment as long as the end wide, the base

diminished. T2 as long as T3, at the basal center on both sides deep. T2
suture smooth, sinuous. Hypopygium even in length with the abdomen tip.
Black: mouthparts, cheeks, a double spot over the wing base and edge
of the eye beside the antenna (often missing) yellow; pro- and mesothorax,
tegula, scutellum, and front legs yellowish red; belly white, black spotted.

Hind border of the segments more or less whitish. Wings brown, stigma

black. Length 6.5 mm. Ovipositor evenly as long.
Peru: Marcapata.

Bracon enotatus n. sp.

(Szepligeti 1904)

Black; gena, pro- and mesothorax, tegula, and scutellum reddish yellow.

Belly white, spotted; Hind edge of the segments more or less grayish. Ovipositor
nearly as long as the abdomen.
Peru: Marcapata and Chanchamayo.
Var.

-- prothorax black, ovipositor somewhat shorter.

Bracon lunatus n. sp.

Marcapata.

(Szépligeti 1906)

Smooth. Face wrinkled. Head thick, extended behind eyes. Scape stretched,
egg-shaped. Notauli impressed anteriorly. The sides of the stigma rather equal.
Radial cell reaching the wing tip, cubital vein bent at the base. Abdomen lanceolate,

longer than the head and thorax and somewhat wider than the thorax. Ti as long as
the end wide, diminished at the base. T2 crosswise, twice as wide as long, sinuous in
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the middle of the hind edge. T3 much longer than the 2'' and longer than the 4th T2
suture smooth. Hypopygium as long as the abdomen tip.
Black; mesothorax, scutellum, middle of metanotum and middle of T2 often

red; middle of face with a half moon shaped yellow spot. Wing dark brown, stigma

black. Length 10 mm. Ovipositor shorter than the abdomen.
Peru: Pachitea.

Bracon mesonurus n. sp.

(Szépligeti 1906)

Similar to previous one (Bracon linurus). T2 suture fine and nearly straight.

Front tibia yellowish red. T3 nearly completely red. Wings light brown. Ovipositor
as long as the abdomen.
Bolivia: Mapiri.

* Bracon linurus n. sp.

(Szepligeti 1906)

Smooth. Face wrinkled. Head crosswise, becoming thick. Scape
egg-shaped. Notauli clearly impressed in the front. Inner edge of the stigma
shorter than the outer. Radial cell not reaching the wing tip. Cubital vein

bent at the base. Abdomen lanceolate, as wide as the thorax. Ti somewhat
longer than the end wide, diminished at the front. T2 crosswise, twice as
wide as long, the hind edge deeply and broadly sinuous. T3 much longer
than the 2nd and as long as the 4th Hypopygium not longer than the tip of the
abdomen.

Black; Mesonotum, scutellum, T1-2 and belly red. Front tarsus

yellowish red. Wings dark, stigma black. Length 8 mm. Ovipositor
somewhat longer than the body.

Bolivia: Mapiri. Peru: Pachitea.
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4.1 ABSTRACT

The Compsobracon Ashmead group of Neotropical parasitic wasps
(Hymenoptera: Braconidae: Braconinae) is a diverse group of 42 described
species that share a unique facial sculpture and are divided into seven genera:

Compsobracon, Calobracon Szepligeti, Cyclaulax Cameron, Compsobraconoides,
Cyclaulacidea Quicke and Delobel, Gracilibracon Quicke, and Sacirema Quicke
(Quicke 1997). The rapid rate of discovery of new species belonging in this group
but with novel combinations of characters has blurred the diagnostic limits among

genera. We used a cladistic analysis on 112 species of the Compsobracon group
and 13 other braconine exemplars to test generic boundaries. Our results suggest
that Compsobraconoides and Cyclaulax are paraphyletic assemblages of wasps and

that Compsobracon, Cyclaulacidea, Sacirema, Calobracon, and Gracilibracon are
monophyletic groups.
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4.2 INTRODUCTION

4.2.1 BACKGROUND

The Compsobracon Ashmead group of Neotropical parasitic wasps
(Hymenoptera: Braconidae: Braconinae) is a diverse group of at least 100

species that vary from the enormous, bright, aposematically colored species of
Compsobracon to the tiny and inconspicuous species of Compsobraconoides Quicke.
The Compsobracon group contains 42 described species that share a unique facial

sculpture and are divided into seven genera: Compsobracon, Calobracon Szépligeti,
Cyclaulax Cameron, Compsobraconoides, Cyclaulacidea Quicke and Delobel,

Gracilibracon Quicke, and Sacirema Quicke (Quicke 1997). Characters that define
the genera within the Compsobracon group include scape morphology, shape of
the foretarsus, wing venation, and metasomal sculpture (Quicke 1997). Despite
their striking colors and potential as biological control agents, members of this
group, along with the rest of the Neotropical Braconinae, are very poorly known.
Modern identification keys to species have been published for only three of the 30
Neotropical braconine genera and many of the early species descriptions are too

vague to reliably identify specimens. Additionally, because most of the genera in this
group have been described in the last 15 years, many taxa that belong in this group
have not yet been examined and still reside in older, paraphyletic genera, especially

Bracon Fabricius. Furthermore, a few undescribed species have novel combinations
of formerly "diagnostic" characters that make generic placement difficult. Therefore,
it is currently impossible to identify species of Neotropical Braconinae without

comparing each specimen to material identified by an expert. This identified
material is concentrated in only a handful of research collections. Furthermore,
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over the last 15 years projects using Malaise traps to collect insects have resulted in
the addition of large numbers of unidentified specimens of Braconinae to museums.
Due to a lack of taxonomic expertise, however, almost all of this material remains

unidentified, uncurated, and inaccessible to research. There are many more
undescribed than described species of Neotropical Braconinae in these accessions.
The focus of this analysis is to provide a robust framework for defining

generic boundaries within the Compsobracon group. A morphology based cladistic
analysis will be used to place undescribed species into existing genera with the
fewest number of character state changes possible.

4.2.2 TAXONOMIC HISTORY

Comvsobracon (Table 4.1): In 1900 Ashmead proposed Compsobracon, the
oldest genus in what is now known as the Compsobracon group, for one specimen
of an unusually large species of braconid collected in Columbus, Texas (the type

species is Exothecus magnficus Ashmead). Brullé (1846) had included a species
now considered belonging in this genus in Bracon and Cameron (1887) included

new species he described in Jphiaulax (now Digonogastra). Szépligeti (1901)
also described new Compsobracon species of the genus in Iphiaulax. Szépligeti
(1904), Viereck (1914), and Muesebeck (1925) only briefly refer to this monotypic

genus in generic lists and/or keys. Muesebeck and Walkley (1951) added 7
Neotropical species to the genus (C. mirabilis (Szepligeti), C. longipes (Szepligeti),
C. dolosus (Cameron), C. constellatus (Szépligeti), C. consobrinus (Szdpligeti), C.
rufobalteata (Viereck), and C. urichii (Rohwer)) and 4 African species (C. fulvipes

(Szépligeti), C. berlandi (Fahringer), C. elegans (Szepligeti), and C. quadricolor
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(Szepligeti)) by synonymizing Compsobracon with Macroneura [!] Szepligeti.
Later, Muesebeck (1958) corrected the spelling of Macroneura [!] to Macronura.
Granger (1949) transferred C.fulvipes, endemic to Madagascar, to Archibracon
Saussure. Granger also may have stated that the description of C. berlandi fits the
description of A. flavimanus (both endemic to Madagascar) well and listed it as a

synonym of A. flavimanus, but apparently the types have been lost. Costa Lima
was the most recent author to describe a new species, C. giganteus in 1951. Mason
(1978) briefly mentions Compsobracon in his synopsis of Nearctic Braconini, only

to say that C. magnficus, the largest Nearctic braconid, has not been collected
since it was described. Shenefelt (1978) listed 12 species of Compsobracon in his

catalog, including C. berlandi. Afterwards, Quicke (1984) transferred C. elegans
to Rhamnura Enderlein and C. quadricolor to Merinotus Szepligeti, removing
the last two African species. Quicke (1988) later reclassified Iphiaulax exalt atus

Cameron as C. exaltatus and Bracon stigma Brullé as C. stigma. Quicke and
Sharkey (1989) in their description of a new genus (Compsobraconoides) mention

how to distinguish between Compsobracon and Compsobraconoides and question
whether C. magnficus, the only Nearctic species of Compsobracon, is still extant.
Quicke (1989b) also described the only host record for a species of Compsobracon,

one unidentified species was reared from Doratoperas atrosparsellus (Lepidoptera:
Pyralidae) boring in Arrow Grass (Conia Brava) (Gynerium sagittatum (Aubl.)).
There are about 30 species of Compsobracon including undescribed species--

only described species are included in tables of taxonomic history. All of them share
a unique truncated hypopygium, suggesting probable monophyly. However, there is
considerable variability in this genus in the shape of the first and second metasomal
tergites, dimensions of the face, and number of antennal flagellomeres.
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Table 4.1. Taxonomic history of the genus Compsobracon
Study
Ashmead 1900

Result
Proposed

Muesebeck &
Walkley 1951

Added

Granger 1949

Removed

Costa Lima 1951

Described

Quicke 1984

Removed

Quicke 1988

Added

Taxon

Distribution

Exothecus magnficus Ashmead

Texas

Macronura mirabilis Szépligeti
M longipes Szepligeti
M dolosus Cameron

Brazil
Brazil
Panama, Guatemala,
Costa Rica, Brazil
Peru, Brazil
Brazil
Paraguay
Trinidad
Madagascar
Madagascar
Tanzania, Congo
Ethiopia, Tanzania
Madagascar
Madazascar
Brazil
Tanzania, Congo

M constellatus Szepligeti
M consobrinus Szepligeti
M rufobalteata Viereck
M urichii Rohwer
M fulvipes Szépligeti
M berlandi Fahringer
M elegans Szepligeti
M auadricolor Szépligeti
Archibraconfu!vipes
A. herlandi
Compsobracon giganteus
Rhamnura elegans
4ifrinqtus auqdricolpr
Ipniaulax exaltatus Cameron
Bracon stic'ma Brullé

thiorj. Tanzania
osta Rica
Brazil. Arnentina

Calobracon (Table 4.2): Szépligeti described the second taxon that would
become part of the Compsobracon group, Calobracon, in 1902 and included one
species in the genus: C. bicolor. Viereck (1913) added one subspecies to the genus,
subsp. paeneunicolor.
From the specimens studied so far, Calobracon is the least diverse of
the genera of the Compsobracon group. Members of this genus are easily and
consistently distinguished from other members of the group by the unique

short shape of the scape and protruding antennal sockets. The nine exemplar
morphospecies included in this analysis do not vary much and further examination of
the available material may show that there are fewer than nine species of this genus.

Table 4.2. Taxonomic history of Calobracon.
Szepligeti 1902

Described

Calobracon bicolor

Brazil

Viereck 1913

Described

Calobracon bicolor subsp. paeneunicolor

Argentina

Cyclaulax (Table 4.3): Cameron proposed Cyclaulax in 1911 for one species

from British Guiana, C. grandiceps. Quicke (1989a) transferred Bracon crassitarsis
Brues to Cyclaulax. Quicke (I 989b) reports the only host record for Cyclaulax,
an unidentified species reared from a cerambycid gallery under bark of Gommier

(candletree) Dacryodes excelsa Vahi in Dominica. Quicke (1991) transferred
Bracon atriceps Szepligeti, B. binotatus Szépligeti, B. enotatus Szepligeti, B. lunatus
Szépligeti, B. mesonurus Szépligeti, B. paraguayensis Szépligeti, and B. sicuaniensis
Szepligeti to Cyclaulax.

Cyclaulax is an extremely diverse part of the Compsobracon group that

contains at least 60 species. Members of the genus can be separated from other
members of the Compsobracon group by the shape of the second metasomal tergite:
it is smooth and flat, the length of the tergite is extremely short compared to the third

tergite, and it has a unique shape. However, some species of Compsobraconoides
have a very similar second tergite. Furthermore, species with a tergite shaped
like this are remarkably variable in characters used to diagnose other genera of
Neotropical Braconinae including scape morphology, facial sculpture, and the

shape of the hind tibia. The boundaries of this taxon are therefore blurry and it is of
questionable monophyly.

Table 4.3. Taxonomic history of Cyclaulax.
Cameron 1911

Described

Cyclaulax grandiceps

British Guiana

Quicke 1 989a

Added

Bracon crassitarsis Brues

Brazil

Quicke 1991

Added
Added
Added
Added
Added
Added
Added

Bracon atriceps Szépligeti
Bracon binotatus Szépligeti
Bracon enotatus Szepligeti
Bracon lunatus Szépligeti
Bracon mesonurus Szépligeti
Braconparaguayensis Szëpligeti
Bracon sicuaniensis Szépligeti

Peru
Peru
Peru
Peru
Bolivia
Paraguay
Peru
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Compsobraconoides (Table 4.4): In 1989(a) Quicke described
Compsobraconoides, a fourth part of the Compsobracon group, for C. robustus

Quicke and C. albispina (Cameron). Cameron (1887) had included B. albispina
along with 12 other species of Bracon in the "group of B. distinguendus" which
he united based on a smooth second tergite and relatively straight suturiform

articulation. Quicke (1991) transferred Bracon camptoneurus Szépligeti and
B. rufator Szepligeti to Compsobraconoides. Yu and Quicke (1997) found that
Compsobraconoides sp. is a parasitoid of adult Azteca ant queens (Azteca ulei Forel

and 2 undescribed Azteca spp.). Fortier and Nishida (2004) reared a fifth species of
Compsobraconoides from the galls of Camptocheirus (Coleoptera: Curculionidae) on
Cinnamomum cinnamomfolium (Kunth) Kosterm and described it as C. cinnamomi

Fortier and Nishida. The label of another C. sp. indicates that it was reared from
Zonosemata vittigera (Coquillett), a tephritid fruit fly.

Compsobraconoides is also an extremely diverse component of the

Compsobracon group, that contains at least 100 species. Members of this genus
can be distinguished from other members of the Compsobracon group based on

the shape of the scape: the scape is longer dorsally than ventrally. However, this
character state is also found in many outgroup taxa including Mollibracon and the

ubiquitous Bracon, and some additional ingroup taxa (e.g., Cyclaulacidea adairae).
Furthermore, species that key to Compsobraconoides are quite variable, with many
of the same characters used to diagnose other genera of Braconidae, including tarsal

claw shape, propodeal sculpturing, and metasomal sculpturing. Compsobraconoides
is therefore also of questionable monophyly.
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Table 4.4. Taxonomic history of Compsobraconoides.
Described
Added

Compsobraconoides robustus
Bracon albispina Cameron

Florida, Texas, Mexico
Yucatan

Quicke 1991

Added
Added

Bracon camptoneurus Szepligeti
Bracon rufator Szépligeti

Bolivia
Paraguay

Fortier & Nishida
2004

Described

Compsobraconoides cinnamomi

Quicke & Sharkey
1989

Costa Rica

______________________

Cyclaulacidea (Table 4.5): Quicke and Delobel described Cyclaulacidea
in 1995. Quicke had observed the new genus among museum specimens
while preparing his key to the genera of New World Braconinae. Around the
same time, Alex Delobel observed the wasp during a study of South American
palms (Astrocaryum) whose fruits provide a drink used by indigenous people.

Cyclaulacidea bruchivorus was found attacking the larvae of Caryoborus serripes
Sturm (Bruchidae: Pachymerinae) that were found feeding inside of the palm fruits.
Villemant & Simbolotti (2000) described a second species, C. matilei, which was
reared from Foveolus sp. (Curculionidae: Rhynchophorinae: Sphenophorini) feeding

in the floral bracts of the palm tree Euterpe oleracea (Araceae: Palmae). Leathers et
al. (2005) described nine additional species: C. adairae, C. fergusoni, C. hunteri, C.
picki, C. pottsae, C. sharkeyi, C. snyderorum, C. riceorum, and C. rominus.
All species of Cyclaulacidea examined have been identified or described.
The genus contains 11 species that can be distinguished from other members of the
Compsobracon group by the presence of the slightly raised tear-drop shaped area

in the median region of the face. Most have a raised rectangular bump on the first
tergite and shallow groove between the second and third tergite; however, C. picki

has a round bump (similar to Sacirema) and is lacking the groove. The genus is
probably monophyletic, but C. picki may fall outside of it.

Table 4.5. Taxonomic history of Cyclaulacidea.
Quicke & Delobel 1995
Villemant & Simbolotti
2000

Leathers et. al. in press

Cyclaulacidea bruchivorus

Peru

Described

Cyclaulacidea matilei

Brazil

Described
Described
Described
Described
Described
Described
Described
Described
Described

Cyclaulacidea adairae
Cyclaulacideafergusoni
Cyclaulacidea hunteri
Cyclaulacidea picki
Cyclaulacidea pottsae
Cyclaulacidea sharkeyi
Cyclaulacidea snyderorum
Cyclaulacidea riceorum
Cydaulacidea rnminuc

Costa Rica
Panama
Costa Rica
Suriname
Mexico
Suriname
Costa Rica
Peru & Brazil

Described
.

Surin ame

Gracilibracon (Table 4.6): Within the genus Bracon, Cameron (1887)
proposed "The group of B. frustratus" for three species: B. frustratus Cameron, B.

albipalpis Cameron, and B. gracilescens Cameron. He separated these from other
members of Bracon based on a deep "depression extending nearly to the middle of
the face", a "wide furrow down either side" of the second metasomal tergite, and
the absence of several other morphological characters. In 1995 Quicke elevated
this species group to the generic level when he described Gracilibracon to make its
name available for the 1997 key to New World Braconinae. He transferred the three
species of Cameron's group to the new genus and estimated that there are at least 3

undescribed species (1997). Nothing is known of the biology of Gracilibracon.
Gracilibracon appears to contain about 15 species. Members of the genus
can be recognized from other members of the Compsobracon group by the unique

shape of the second metasomal tergite: it is long and strongly "pinched-up"
medially with the raised area extending to the third tergite. No other members of the
Compsobracon group have this character and the genus is probably monophyletic.
Table 4.6. Taxonomic history of Gracilibracon.
Quicke 1995

Proposed

Bracon gracilescens Cameron

Added

Braconfrustratus Cameron
Bracon aihinalnis Cameron

Nicaragua, Brazil, Costa
Rica Ecuador, Panama
Panama
Panama
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Sacirema (Table 4.7): Within Iphiaulax, Cameron (1887) proposed the
"group of I lachrymosus" and included that single species in the group. Quicke
(1995) elevated this group to the genus Sacirema, and included the single species

I lachrymosus Cameron in the group. He also estimated that there are at least 5
undescribed species (1997). Nothing is known of the biology of Sacirema.
There are about 20 species of Sacirema. They can be distinguished from
other members of the Compsobracon group by a very strongly arched, deep groove
at the suturiform articulation between the second and third metasomal tergites, a
weak carina along that border anterior to the groove, and the lack of the raised tear-

drop shaped area characteristic of Sacirema. None of these characters are unique to
this genus; the monophyly of this genus is therefore uncertain.
Table 4.7. Taxonomic history of Sacirema.
Quicke 1995

Proposed

Iphiaulax lachrymosus Cameron

Panama, Ecuador

4.2.3 SYSTEMATIC HISTORY

Although the names of Neotropical Braconinae have changed considerably
since the turn of the 20th century, all of the entities counted as genera of the

Compsobracon group were already known to science in that era, with the exception

of Cyclaulacidea. Historically, members of the Compsobracon group have been
either treated as species of Bracon or Digonogastra (known then as Iphiaulax).
The first known species of the Compsobracon group, C. stigma, was treated by

Brullé (1846) as part of Bracon. Members of Compsobraconoides (Cameron 1887,
Szdpligeti 1906), Cyclaulax (Szepligeti 1904, 1906; Brues 1912), and Gracilibracon
(Cameron 1887) have also historically been treated as parts of Bracon. However,
members of Compsobracon (Cameron 1887, Szëpligeti 1901) have also been
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treated as parts of Digonogastra, as have members of Sacirema (Cameron 1887).
Calobracon has been recognized as a generic level entity since it was proposed
(Szepligeti 1902).

Authors of braconine species in that era did not yet speculate on historical
relationships among taxa, but sometimes they did mention similarity between
genera of the Compsobracon group, using now obsolete group names that are in
essence quite close to what we think we know about the patterns of relationships

among these taxa today. For example, Cameron (1887) when describing species of
Iphiaulax illustrates how to distinguish members of the I. lachrymosus group (now
Sacirema) from the I. dolosus group (now Compsobracon). Neotropical members
of Iphiaulax are now known as Digonogastra, and many of them share the strongly
curved forewing vein (RS+M)a, identical scape morphology, large size, and identical

aposematic warning color patterns to Sacirema and Compsobracon. Cameron's 1887
treatment of Sacirema and Compsobracon as "derived" members of Digonogastra

therefore makes a lot of sense, even in the light of today's evidence. The history of
the placement of members of the Compsobracon group is summarized in Table 4.8.
In the late 20th Century, hymenopterists recognized the value of finer

characters such as facial sculpture in grouping the constituent members of the

Compsobracon group genera together as a dade. However, none of the 20th century
studies of relationships among Braconine groups were explicitly based on empirical

data. Mason (1978) suggested that species of Compsobracon were not closely
related to any Nearctic taxa, and "undoubtedly" had an origin in the Neotropics.
Quicke (1989a) next stated that Compsobracon is closely related to Cyclaulax.
Quicke (I 989b) suggested that Cyclaulax was closely related to Atanycolus, based

on morphology and a new host record (Cerambycidae). That same year, Quicke
and Sharkey (1989) suggested that the new genus Compsobraconoides is closely
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related to Compsobracon and Cyclaulax, based on facial sculpture, a bent forewing

vein (RS+M)a, the loss of a mid-basal triangular area on the second tergite, a loss of
sculpture on the metasoma! terga and second suture, and the presence of a sac-like

membranous invagination between the third and fourth sternites. They also suggest
that this Compsobracon group appears to be closely related to Calobracon, the
Neotropical Atanycolus group (Atanycolus Förster + Hemibracon Szepligeti), and

the Indo-Australian genera Mollibracon Quicke and Calcaribracon Quicke. Quicke
(1995) and Quicke & Delobel (1995) add 3 new Neotropical genera (Gracilibracon,
Sacirema, and Cyclaulacidea) to the Compsobracon group based on facial
sculpture: the medial part of the face is separated from the lateral parts by carinae

running downward from the antenna! sockets. Quicke suggests that Gracilibracon
is most closely related to Cyclaulax, and that Sacirema is most closely related

Cyclaulacidea.
Beishaw et al. (2001) published the first phylogenetic analysis that included
members of the Compsobracon group in their exemplar study of the entire

subfamily Braconinae. They included 9 exemplars from 4 of the 7 genera of the

Compsobracon group (3 Cyclaulax spp., 1 Gracilibracon sp., 1 Calobracon sp.,
4 Compsobraconoides spp.) among the 76 other Braconinae and 7 non-braconine

braconid outgroups in their analysis. Their data consisted of the 28S D2-D3 region
of ribosomal DNA and 92 discrete morphological characters, although most are

not variable within the Compsobracon group. They found that the Compsobracon

group formed a well-supported dade. Their results suggested that the genus
Compsobraconoides is of questionable monophyly, Cyclaulax is monophyletic and is

sister group to a dade composed of exemplars from Gracilibracon and Calobracon.
Overall the sister group relationship to the Compsobracon group was unresolved;

however, they did note that in some analyses the Australian dade of Mollibracon
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Quicke, J"7rgulibracon Quicke, and Bracon phylacteophagus Austin and Faulds was

recovered as sister group. They also found that the Atanycolus group, which shares
similar scape morphology with the Compsobracon group and has been hypothesized
to be closely related, was not closely related.

Table 4.8. Summary of hypotheses of relationships for the Compsobracon group.
Study

Proposed Compsobracon group relationships

Brullë (1846)

Compsobracon included in Bracon

Cameron (1887)

Compsobracon and Sacirema included in Digonogastra; Gracilibracon
and Compsobraconoides included in Bracon

Szépligeti (1901)
Szëpligeti (1904
1 9O6

Compsobracon included in Digonogastra
Cyclaulax mcluded in Bracon

Mason (1978)

Compsobracon of Neotropical Origin, not closely related to Nearctic
genera

Quicke (1989a)

(Compsobracon + Cyclaulax)

Quicke (1989b)

(Cyclaulax + Atanycolus)

Quicke and Sharkey
(1989)

((Compsobraconoides + Compsobracon + Cyclaulax) + Calobracon +
((Atanycolus + Hemibracon) + Mollibracon + Calcaribracon)

Quicke (1995)

((Gracilibracon + Cyclaulax) + (Sac frema + Cyclaulacidea))

Beishaw et. al.
(2001)

(((Gracilibracon + Calobracon) + Cyclaulax) + Compsobraconoides) +
(Bracon phylacteophagus + (Mollibracon + Virgulibracon))

4.3 METHODS

4.3.1 TAXA

A total of 4,918 specimens of Neotropical Braconinae were borrowed from

19 insect collections. Eleven hundred thirty-three of these are members of the

Compsobracon group. This material includes 26 specimens of Calobracon, 518
specimens of Compsobraconoides, 99 specimens of Gracilibracon, 114 specimens
of Compsobracon, 143 specimens of Sacirema, 41 specimens of Cyclaulacidea, and
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182 specimens of Cyclaulax, and 10 specimens of questionable generic identity.
However, this material includes only 10 species that have been identified by experts,
three of which are presently placed in other genera and will be new additions to the

Compsobracon group. Specimens of all genera were sorted to morphospecies and
identified when possible.

Ingroup: Ingroup and outgroup taxa chosen for the analysis are listed in
Table 4.9. A total of 112 Compsobracon group taxa were included in the ingroup.
All 11 described species of Cyclaulacidea were included, along with exemplars

chosen to represent the diversity of the other genera. These include 9 species of
Calobracon, 14 species of Compsobracon, 20 species of Compsobraconoides, 32
species of Cyclaulax, 10 species of Gracilibracon, and 16 species of Sacirema. Type
species were included as follows: Calobracon bicolor subsp. paeunicolor Viereck
for Calobracon, Compsobraconoides robustus Quicke for Compsobraconoides,

Cyclaulax grandiceps Cameron for Cyclaulax, Gracilibracon gracilescens
Cameron for Gracilibracon, and Sacirema lachrymosus Cameron for Sacirema.
Compsobracon magnficus, the type species, is only known from a single specimen
that has not been examined yet, so Compsobracon was not represented by a type
species.

Outgroup: 13 braconine exemplars were chosen as outgroups for this
analysis. Seven of these were chosen to represent the four genera proposed by
Quicke & Sharkey (1989) as putative sister taxa: 1 species of Atanycolus, 2 species

of Hemibracon, 2 species of Mollibracon, and 2 species of Calcaribracon. The other
6 were chosen as exemplars to represent the diversity of Neotropical Braconinae: 2
species of Digonogastra, 2 species of Bracon, 1 species of Myosoma, and 1 species

of Megabracon. One of the Digonogastra species was used to root the tree.
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4.3.2 CHARACTERS

For Neotropical Braconines, which all have a smooth relatively featureless
mesosoma, character systems of scape and face morphology, wing venation, and

metasomal sculpturing have historically been used for generic diagnosis. Facial
sculpture, which provides the putative synapomorphy for the Compsobracon group,
was not used for grouping taxa until Quicke & Sharkey (1989) invoked it to suggest
a close relationship between Compsobraconoides, Compsobracon, and Cyclaulax.

All taxa were scored for a total of 120 morphological characters. Forty-five
of these are continuous characters, 40 are discrete binary characters, 32 are discrete

multistate characters, and 3 are color characters. Some authors have argued against
the use of continuous characters in cladistic analysis. However, Leathers believes
that there is information in continuous data that can, in combination with other data,

provide phylogenetic information. Traditional methods of handling continuous
characters are, however, unsatisfactory. For the following examples let's assume
that we have a hundred taxa with a single character with states distributed from 0.4-

0.8 and from 1.1-1.2. One of the most popular and accepted methods for treating
morphometric data is gap coding (Mickevich & Johnson 1976, Almeida & Bisby

1984, Archie 1985). Gap coding looks for naturally occurring discontinuities in data
to set up discrete character states. In this data set there is a gap between 0.8 and
1.1 so for a dichotomous key we could include in a couplet greater than 1.0 or less

than 1.0. When gap coding this character, one could also take advantage of this gap

and break the character into two discrete states: 0) 0.4-0.8 or 1)1.1-1.2. However,
this violates the assumption of similarity (Kearney & Rieppel 2001) because 0.8 is
more similar to 1.1 (.3 units) than 0.8 is to 0.4 (.4 units), yet the character gap coded

might be used to group the latter and not the former together. I have not observed
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any morphometric characters for Braconidae where the similarity criterion would

not be violated by gap coding. Ideally, one would want an analysis to treat such a
continuous character as equal information for grouping 0.5 and 0.8 as 0.8 and 1.1.
In reality, most continuous characters in Braconidae have no gaps at all when

intensively sampled in a large number of taxa. Because of this segment coding
(Colless 1980, Simon 1983, Pucci & Sharkey 2004) has been preferred over gap

coding. Segment coding divides a continuous character into a large number of equal
sized character states. Typically, the range of data for a character is divided by the

number of character states allowed by the software chosen to be used. For example,
if there were a continuous character that ranged from 1.0 to 2.0 and your software

package allowed 10 character states maximum, the states could be: 0)1.00-1.09,

1)1.10-1.19, 2)1.20-1.29, 3)1.30-1.39, 4)1.40-1.49, 5)1.50-1.59, 6)1.60-1.69,
7)1.70-1.79, 8)1.80-1.89, and 9)1.90-2.0. These characters can then be treated as
ordered to approximate true continuous data. As PAUP* and other programs require
characters to be coded as discrete character states, this has been the best that one can

do. However, this method still violates the assumption of similarity on a finer scale.
For example, 1.08 is closer to 1.10 than to 1.01, yet 1.08 and 1.01 would be coded as

Oand 1.10 wouldbe coded as 1.
At the 2004 meeting of the Willi Hennig Society Pablo Goloboff presented a

new cladistic software package called T.N.T.Tree Analysis Using New Technology
Version 1.0 by P. Goloboff, J.S. Farris and K. Nixon. While all other presently
available phylogenetic analysis software can only handle discrete characters, T.N.T.

allows continuous characters to be used directly in phylogenetic analysis without

breaking them into discrete character states (Goloboff et al. 2004). We will use this
program for our analysis.

The characters included are in the list below. It has been suggested that
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continuous characters are correlated with body size. However this has not been
tested at a large scale within Braconidae (or any other insect taxon that I know of) so
we checked approximately 12,000 morphometric data points for such a correlation
using the RSQ function of Microsoft Excel®.
Characters marked with a * are included in Beishaw et al. 's (2001) analysis

in a form at least somewhat similar to this analysis. Most of the other characters
have been used in species descriptions but not in phylogenetic analysis. While many
of these features have been haphazardly employed in diagnoses of various braconid
species, this is the first time they have been examined in a phylogenetic context.
Some of the more complex characters have been broken into multiple simpler
characters for the first time.

4.3.2.1 QUANTITATIVE CHARACTERS (Characters 0-44)

(0). Number of antennal flagellomeres

Cameron (1887) included approximations of antenna length relative to body

length as a diagnostic character. Beishaw et al. (2001) included antenna longer than
or shorter than forewing as character 1 in their analysis. Since T.N.T. only allows
continuous character states from 0-65 and some species of Compsobracon have more

than 65 fiagellomeres, this character state was divided by 10. For example, a taxon
with 54 to 58 flagellomeres would be coded 5.4-5.8.
(1). Length to width ratio of scape (Figure 4.1 A, LS / WS).

There is a lot of variability in this character among genera of Neotropical

Braconinae and between the genera of Compsobracon group. This is a diagnostic
character for Megabracon, which has a long scape that is at least 2.5 times longer
than wide.

105

Figure 4.1. Head of braconids. A) Anterior view of head: LS = length of scape,
WS = width of scape, PAS = pre-apical shelf, BC = basal concavity, FH = face
height, WF = width of face, WH = width of head, CW = clypeus width, lTD =
inter-tentorial distance, TOD = tentorio-ocular distance, MS = malar space. B)
Lateral view of head: HE = height of eye, WE = width of eye, MS = malar space.
C) Dorsal view of head: PLS = plate-like shelf of antennal socket, WE = width of
eye (in dorsal view), LE = length of eye, POE = distance from posterior ocellus
to eye, POD = post-ocellar distance, DPO = diameter of posterior ocellus, LH =
length of head behind eye.

(2). Length of first flagellomere compared to second flagellomere.

This character has been used in species descriptions of members of the
Compsobracon group (Quicke 1995, Villemant & Simbolotti 2000, Leathers et al. in

press).

(3). Length of first flagellomere compared to third flagellomere.

(4). Length to width ratio of third flagellomere.

(5). Length to width ratio of apical flagellomere

(6). Length to width of eye (measured in dorsal view) (Figure 4.1 C, LE / WE).

(7). Transverse diameter of posterior ocellus: post-ocellar distance (Figure 4.1C,
DPO / POD).

(8). Shortest distance between posterior ocellus and eye: post-ocellar distance
(Figure 4.1 C, POE / POD).

(9). Height: width of eye (Figure 4.1B, HE / WE).

(10). Length of eye: length of face (Figure 4.1C, LE / LH).
This character was excluded from the analysis as it is duplicate information
from other measures of eye size (Characters 6, 9)

(11). Width of head: width of face (Figure 4.IA, WH / WF).
(12). Inter-tentorial distance: clypeus width (Figure 4.1A, lTD / CW).
(13). Tentorio-ocular distance: clypeus width (Figure 4.1A, TOD I CW).
(14). Face width: height (Figure 4.1A, WF I FH).
(15). Number of ridges paralleling malar suture.

These are not visible in any figure but they are very fine ridges running
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parallel to the malar space marked in Figure 4. 1A and B.

(16). Malar space: eye height (Figure 4.1B, MS / HE).
*(17). Mesosoma length: height

This is included by Belshaw et al. (2001) as character 24 (Mesosoma greater
than or less than 1.55 times longer than high).
*(18). Propodeal spiracle height: width
This is included by Belshaw et al. (2001) as character 39 (Propodeal spiracle
greater than or less than 2 times taller than wide).
(19). Foretibia length: forefemur length (Figure 4.2A, TL / FL).
(20). Foretarsus length: forefemur length (Figure 4.2A, TarL / FL).
*(21). Fore basitarsus length: width (Figure 4.2A, BL / BW).

(22). Fore basitarsus length: second tarsomere length (Figure 4.2A, BL / STL).
(23). Hind femur length: width (Figure 4.2, FL / FW).

(24). Hind femur length: hind basitarsus length (Figure 4.2 A, FL / BL).

(25). Hind tibia length: hind basitarsus length (Figure 4.2 A, TL / BL).
(26). Outer hind tibial spur length: hind basitarsus length
(27). Inner hind tibial spur length: hind basitarsus length
(28). Hind basitarsus length: width ratio (Figure 4.2 A, BL / BW).

(29). Forewing vein 1M: iRS length ratio (Figure 4.3).
(30). Forewing vein 2M: r-m length ratio (Figure 4.3).
*(3 1). Forewing vein im-cu: r length ratio (Figure 4.3).

(32). Forewing vein im-cu thickness: (RS+M)a thickness (Figure 4.3).
*(33). Forewing vein 2RS: r-m length ratio (Figure 4.3).

(34). Forewing vein 3RSa: r-m length ratio (Figure 4.3).
(35). Forewing vein 3RSa: r length ratio (Figure 4.3).

This character was excluded from the analysis as it is duplicate information
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Figure 4.2. Assorted body parts of braconids. A) Leg with rounded basitarsus, FW
= femur width, FL = femur length, TL tibia length, BL = basitarsus length, BW
= basitarsus width, STL = second tarsomere length, TarL = tarsus length. B) Leg
with flattened basitarsus. C) and D) Apical hind tarsosmeres of Compsobracon
spp. showing especially thickened setae. E) Metasoma of Compsobracon sp. with
arrow showing truncated hypopygium. F) Metasoma of Digonogastra sp. with arrow showing pointed hypopygium.
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from Character 34.

(36). Forewing vein 3RSb: r length ratio (Figure 4.3).

*(37). Angle formed at intersection of forewing veins C+SC+R and iRS (Figure
4.3).

*(38). Number of basal hamuli on hindwing (Figure 4.4).
This is a curious character, that has been shown to be size-dependent in

Braconinae (Quicke 1982). However, all of the genera of the Compsobracon
group, except for Compsobracon, have only one basal hamulus regardless of size.

This is also the case for the genera Atanycolus and Hemibracon. Many species of

Compsobracon have several basal hamuli, like Digonogastra. This is included as
character 56 in Belshaw et al.'s analysis, coded as more than one, or one, or zero
hamuli (3 states).

*(39). Hind wing vein R1A: lr-m (Figure 4.5).
(40). First median tergite length: width (Figure 4.6, T1L / T1W).

An approximation of this character has been used in many species
descriptions of members of the Compsobracon group.
(41). Second tergite length (medially): width
(42). Third tergite length (medially): width

I RS

c.s

im

M+CU

(R5+M)b
I cu-a

2CUa

2CUb

Figure 4.3. Forewing of Cyclaulacidea bruchivorus Quicke with wing venation
from Sharkey & Wharton (1997) labeled.

Figure 4.4. Single basal hamulus of Sacirema lachrymosus (Cameron).

Figure 4.5. Hindwing of Cyclaulax crassitarsus (Brues) with venation from
Sharkey & Wharton (1997) labeled.
(43). Second tergite length (medially): third tergite length (medially)
*(44). Ovipositor length: body length

4.3.2.2 ANTENNA (Characters 45-5 1)
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(45). Pedicel shape (Fig. 4.7).

0. not swollen or heavily
scierotized (Fig. 4.7 C, E).

1. heavily scierotized, with
weak shelf-like carina apically (Fig.
4.7 A).

2. swollen (not pictured
pc]

found in distant outgroup taxa only).
*(46). Scape (Fig. 4.7).

0. longer dorsally than
ventrally (dorsal surface longer than
ventral) (Fig. 4.7

Figure 4.6. Metasoma measurements.
T1L = first tergite length, T1W = first
tergite width, T2L = second tergite length,
T2W = second tergite width, T3L = third
tergite length, T3 W = third tergite width.

C, 5.10 B, D).

1. longer ventrally than
dorsally (ventral surface elongate) (Fig. 4.7 A, B, D,
E, F, G).

This is an important diagnostic character for braconine genera and was

included by Belshaw et al. as character 6 in their analysis. The scape being longer
dorsally than ventrally is typical of members of the putatively basal genera Bracon

and Comspbraconoides. The scape being produced longer ventrally than dorsally is
common in many distantly related genera.
*(47). Scape (Fig. 4.7).

0. apical and pre-apical shelf-like processes absent (Fig. 4.7 C, D).
1. apical shelf-like process present, pre-apical shelf absent (Fig. 4.7 F, G, H).

2. apical and pre-apical shelf-like processes present (Fig. 4.7 A, E).
All members of the Compsobracon group except for all species of

I 12

Figure 4.7. Scapus of Braconinae. A) Gracilibracon sp., arrows denoting
pre-apical shelf (left) and basal concavity (right). B) Compsobracon sp., C)
Compsobraconoides sp., D) Cyclaulacidea sp., B) Cyclaulax sp., F) Digonogastra
sp., G) Sacirema sp., H) Sacirema sp.
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Compsobraconoides, one species of Cyclaulax, and one species of Cyclaulacidea

have a shelf-like process at the apical end of the scape. Members of Gracilibracon,

Calobracon, and some species of Cyclaulax also have a pre-apical shelf Cameron
(1887) calls this "produced into a club at the apex" but he did not include it as a

diagnostic character for the group of B. frustratus. This character is also found in
Atanycolus and some species of Hemibracon.
*(48). Scape

0. basal concavity absent (Fig. 4.7 B-G).
1. basal concavity present (Fig. 4.7 A, 4.1 OA).

Both Gracilibracon and some species of Cyclaulax have a basal concavity
at the base of the scape. Cameron (1887) noted "the scape curved beneath" in his
description of G. frustratus (Cameron). Members of Atanycolus and some members
of Hemibracon also have this character.
*(49). First fiagellomere

0. not swollen (basally toward vertex of head)
1. swollen (basally toward vertex of head)
(50). Apical fiagellomere
0. normal

1. aciculate (coming to a fine tip -- see Quicke (1987).
*(5 1). Flagellomere length

0. equal to to greater than width
1. distinctly less than width

4.3.2.3 VERTEX OF HEAD (Characters 52-55)

*(52) Antennal sockets
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0. not extended from head
1. extended from head (Figs. 4.1 C, 4.8)

(53). Antenna! sockets

0. lacking plate-like shelf and enlarged sockets
1. enlarged by sloping frons

2. with narrow plate-like shelf
3. with wide plate-like shelf (Figs. 4.lC, 4.8)

This is a new character and is not very easily illustrated. Most members of
the Compsobracon group simply have the antenna! sockets flush with the rest of the

face. Gracilibracon has a relatively wide plate like shelf between the vertex of the
head and the base of the antenna (Figs. 4.1 C, 4.8). Some specimens of Cyclaulax

Fig. 4.8. Vertex of head of Gracilibracon sp. Arrow points to wide plate like
shelf posterior to antenna! sockets.
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have a narrower version of this shelf (often barely distinguishable). Specimens of
Calobracon have the frons of head sloping steeply down into the antennal socket.
*(54) Vertex of head
0. depression or groove absent
1. smooth depression present but groove absent

2. smooth depression and groove medially present (Fig. 4.8).
(55). Lateral carinae of vertex of head
0. present (bordered laterally by carinae)
1. absent (not bordered laterally by carinae) (Fig. 4.8).

This is an important diagnostic character in some distantly related

braconid taxa such as Alabagrus Enderlein, but is found in only a single species of
Compsobraconoides in the Compsobracon group.

4.3.2.4 FACE (Characters 56-72)

Although face morphology has long been recognized as a valuable
diagnostic character for species, traditionally it has not been given generic level

value. Cameron (1887) included two characters on face sculpture in his description
of species of Bracon and lphiaulax that have recently been transferred to the
Compsobracon group. He mentioned whether the face was rugose or not and noted
when there was a deep "depression extending nearly to the middle of the face"

(Character 59). Szdpligeti's face character system consisted of a single character of
varying degrees of facial sculpture from face entirely smooth (Gesicht fast glatt) to

face wrinkled (Gesicht runzelig). Ashmead (1900) did not mention facial sculpture
in his proposal of the new genus Compsobracon.
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(56). Longitudinal bump between antenna! sockets
0. present
1. absent

This is a tiny ridge or bump located between the antenna! sockets of about
half the species of the Compsobracon group and at least some of the outgroup taxa.
*(57). Facial ridges
0. present (Figs. 4.1OA-D, 4.I1A-D)
1. absent - autapomorphy 1 (Fig. 4.9A-D).

Outgroup taxa are coded as autapomorphies for this character. Each one has
it's own unique character state beginning with state 7.
(58) Facia! ridges (Figs. 4.10).
0. parallel (Fig. 4.10 B, D).
1. bowed outward
2. U-shaped (to Y-shaped)
3. diverging outward straight from c!ypeus to antenna! sockets (Fig. 4.1 OA,
C).

4. absent - autapomorphy 1 (Fig. 4.9 A-D).

5. irregularly rugose irregular
6. bowed inward

Outgroup taxa are coded as autapomorphies for this character. Each one has
it's own unique character state beginning with state 7.
(59). Anterior groove between antennal sockets
0. absent (Fig. 4.9 A-D, 4.1OB).
1. very weak (Fig. 4.11 A).

2. weak (Fig. 4.10 C, D).
3. strong (Fig. 4.11B, C)
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4. very strong (Fig. 4.1OA)

(60). Area between ridges
0. not filled in, level (continuous) with rest of face
1. filled in creating a raised median area
2. not filled in, bulging outward from face

(61). Median carina on face
0. absent (Fig. 4.9 A-D).
1. present

(62). Median carina on face
0. not developed into raised shape
1. developed into raised shape

Absent is coded as zero--it does not matter because the shape character is
never lost once it arises (Fig. 4.88).
(63). Shape of median carina on face
0. inapplicable
1. tear-drop shaped area medially

2. chevron or butterfly shaped area

3. kite-shaped area medially
4. large horizontal rectangular smooth area
5. vertical rectangle
(64). Area between ridges and eyes
0. smooth
1. with ladder-like series of horizontal carinae

2. irregular rugose
(65). Surface (area) between median carina and ridges
0. smooth

li

Figure 4.9. Faces of some outgroup taxa that have been hypothesized to be closely
related to the Compsobracon group. A) Atanycolus sp. with scape similar to
Gracilibracon, B) Calcaribracon sp., C) Hemibracon sp. with scape similar to
Gracilibracon, and D) Mollibracon sp. with comparatively glabrous face.
1. with ladder-like series of horizontal carinae

2. with complex pattern of puzzle-like to spiderweb-like ridges
3. with many triangles

4. irregular rugose, lacking any strong carinae
(66). Ridges running at 45° angle from middle ridge to antennal sockets
0. absent
1. weak (Fig. 4.11D).

11 9

Figure 4.10. Faces of members of the C'ompsobracon group. A) Calobracon
sp., B) Compsobraconoides cinnamomi Fortier & Nishida, C) Compsobracon sp.
(Group 2), and D) Compsobracon sp. (Group 1).
2. strong (Fig. 4.1OC).

This is a new character, most visible in species of Calobracon.
(67). Groove around eyes
0. absent
1. present and smooth

2. present and crenulate
(68). Clypeus
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Figure 4.11. Faces of members of the Compsobracon group. A) Cyclaulacidea
hunteri Leathers, B) Cyclaulax grandiceps Cameron, C) Gracilibracon
gracilescens (Cameron), and D) Sacirema lachrymosus (Cameron).
0. smooth, flush with rest of face
1. separated from rest of face with smooth ridge

2. separated from rest of face by rugose ridge, closed dorsally
3. separated from rest of face by rugose ridge, except open dorsally
4. sunk into face
Many outgroup taxa have the clypeus level with the rest of the face, often in
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such a manner that it is barely or not distinguishable from the rest of the face (State

0). Members of the Compsobracon group and some outgroup taxa have a ridge
around the edge of the clypeus clearly separating it from the rest of the face (States
1-3).

(69). Clypeus
0. not filled in
1. partially filled in dorsally

2. smoothly and evenly filled in
3. completely filled in but uneven
4. filled in medially but not laterally
5. filled in medially and bulging out from face

The clypeus is clearly separated from the rest of the face by a ridge in many

genera of Braconinae. In some members of the Compsobracon group this area on
the surface of the clypeus inside the confines of this ridge is filled-in to varying
degress so that in some species the surface of the clypeus is level with the ridge
around it (as in Fig. 4.1 1A).

(70). Ventral margin of clypeus
0. fiat

1. concave

(71). Area around clypeus
0. not differentiated from rest of face
1. with series of large crenulae but lacking ridge

2. with series of large crenulae and sharp ridge separating from rest of face
3. separated from rest of face by large smooth groove
(72). Face

0. glabrous (Fig. 4.9 D, Fig. 4.10).
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1. setose (Fig. 4.9 A-C).

4.3.2.5 MESOSOMA (Characters 73-83)

(73) Anterior pronotal groove
0. absent
1. weak

2. deep, smooth
3. deep, carinate

*(74) Notaulus
0. not impressed
1. weakly impressed

(75). Scutellum
0. lacking flanges by wings
1. with well-developed flanges by wings

This new character is not informative as it turned out to be present in all taxa.
(76). Border between mesoscutum and scutellum (Fig. 4.12).
0. lacking groove
1. with shallow groove

2. with deep groove

*(77) Border between mesoscutum and scutellum
0. smooth
1. carinate (Fig. 4.12)

(78). Border between mesoscutum and scutellum
0. lacking median carina
1. with median carina
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(79). Medial area of the border
between mesoscutum and scutellum
0. not differentiated from rest
of sulcus

1. enlarged into a large
median pit (Fig. 4.12)

2. filled in dividing sulcus in

half
(80). Metanotum
0. smooth
1. developed into ridge

!''Z',.

;'\,'

BN

anteriorly
EMP

2. with raised median bump
* (81). Median carina of propodeum

0

absen

1. present
* (82). Lateral longitudinal carinae of

Fig. 4.12. Dorsal view of mesosoma of
Digonogastra sp. NO = notaulus, BMS =
groove at border between mesoscutum and
scutellum, EMP = enlarged median pit.

propodeum
0. absent
1. present posteriorly

(83). Propodeal spiracle
0. oval
1. crescent shaped

4.3.2.6 LEGS (Characters 84-87)
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(84). Foretarsus
0. laterally compressed (Fig. 4.13 A, B)

1. not laterally compressed (Fig. 4.13 C, D).
*(85). Tarsal claw
0. simple
1. with large square lobe

2. bifurcate

(86). Longitudinal depression of hind tibia (Fig. 4.14).

,'
LIJ

Figure 4.13. Lateral compression of fore basitarsus. A) Dorsal and B) lateral view
of foretarsus of Cyclaulacideafergusoni Leathers and C) Dorsal and D) lateral
view of foretarsus of C. adairae Leathers. Arrow indicates view of lateral compression of basitarsus.
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0. absent (Fig. 4.14 B).
1. deep (Fig. 4.14 A).

(87). Especially thickened setae of hind telotarsus (Fig. 4.2 C, D).
0. absent
1. present

This is a traditional diagnostic character for members of Compsobracon.

4.3.2.7 WINGS (Characters 8 8-93)

(88). Forewing (Fig. 4.3).
0. veins 1 M and 1 cu-a intersect
1. vein 1 cu-a intersects Cu distad 1 M

*(89). Forewing vein (RS+M)a (Fig. 4.3).
0. strongly curved
1. straight

2. bent at sharp angle without any branched veins
3. bent at sharp angle with branched vein dorsally
4. very weakly curved

Figure 4.14. Tibiae of A) Cyclaulax binotatus and B) C. crassitarsus. A has a deep
longitudinal groove down the center of it while B does not
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(90). Forewing vein (RS+M)b (Fig. 4.3).
0. complete (completely tubular)
1. broken apically

*(91). Area of reduced setosity on hindwing (Fig. 4.15).
0. present
1. absent

/
Figure 4.15. Hind wing of Cyclaulacidea hunteri. Arrow marks area of reduced
setosity apical to vein cu-a.

4.3.2.8 METASOMA (Characters 92-116)

(92). First median tergite (Fig. 4.16).
0. trapezoidal
1. rectangular

2. Z-shaped
3. curved, narrow basally and wide apically
(93). Base of petiole (Fig. 4.16).
0. not deeply excavated (Fig. 4.16 E).
1. deeply excavated (Fig. 4.16 F).

Cameron (1887) included this as a diagnostic character in some species
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Figure 4.16. Metasomata of Braconinae. A) Gracilibracon sp., B) Compsobracon
sp., C) Compsobraconoides sp., D) Cyclaulacidea sp., E) Cyclaulax sp., F)
Digonogastra sp. with area showing raised mid-basal triangular area pointing
posteriorly, G) Gracilibracon sp. with arrow showing pinched-up area, and H)
Sacirema sp.
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descriptions. For example, he notes that the petiole of G. frustratus is "excavated in
the centre at the base." Belshaw et al. (2001) did not include this in their analysis.
(94). Bump on first tergite (Fig. 4.16).
0. absent
1. weakly raised (Fig. 4.16 E).

2. strongly raised (Fig. 4.16 A-D, F-H).

Cameron (1887) included this as a diagnostic character in some species

descriptions. He remarks that the "centre of the petiole is raised considerably

above the sides" in G. frustratus. Beishaw et al. (2001) did not include this in their
analysis.

(95). Bump on first median tergite (Fig. 4.16).

0. tongue-shaped, wider posteriorly than anteriorly (Fig. 4.16 A, C, G, H).
1. tongue-shaped, but concave anteriorly (Fig. 4.16 F).

2. triangular, increasing in width posteriorly (Fig. 4.16 B).
3. rectangular (Fig. 4.16 D).
4. oval

5. octagonal

6. rectangular with concave mouth
Cameron (1887) included the shape of this bump as a diagnostic character in

some species descriptions. He describes the bump as "central portion of the petiole
of nearly equal breadth throughout" for the rectangular bump of G. frustratus.
Beishaw et al. (2001) did not include this in their analysis.
*(96). Median carina of first tergite
0. absent
1. present

This character is not found in any members of the Compsobracon group but
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is an important diagnostic character for some other braconids. Beishaw et al. (2001)
include this as character 66 and/or 68 in their analysis.
*(97). Inner lateral carinae of first tergite

0. absent

1. closely paralleling median bump but not forming notches (Fig. 4.16 D).
2. paralleling median bump but diverging posteriorly, forming pair of notches
(Fig. 4.17).

Most members of the Compsobracon group lack these carinae (state 0).

Some species including Gracilibracon have them closely paralleling the median
bump (state 1). The outgroup Hemibracon has them forming a pair of notches (state
2).

*(98). Outer lateral carinae of first tergite
0. absent (Fig. 4.16 E).
1. present (Fig. 4.16 F)

Fig. 4.17. Dorsal view of metasorna of Heinibracon sp. Arrows (from left to
right) point to extra Y-shaped ridge, notch formed by carina, mid-basal triangular
area pointing posteriorly, and apical branch of suturiform articulation.
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Beishaw et al. (2001) include this as character 67 in their analysis.
(99). Extra Y-shaped median ridge of first tergite

0. absent (Fig. 4.16A-G).
1. present (Fig. 4.17).

This is a diagnostic character for Hemibracon and was not included in
Belshaw et al. 's analysis.

(100). Border between first and second tergite

0. straight with edges curving anteriorly
1. completely straight
2. V-shaped

3. M-shaped
4. W-shaped

5. M-shaped but with extra waves

6. rounded
*(1 01). Mid-basal triangular area pointing posteriorly on second tergite
0. absent (Figs. 4.16 A-E, G-H).
1. present (Figs. 4.16F, 4.17)

The absence of this character is a diagnostic character for members of the

Compsobracon group. It is commonly found in outgroup taxa.
(102). Mid-basal triangular area pointing anteriorly on second tergite
0. absent (Fig. 4.16 A, C-G).
1. present (Fig. 4.16 B).

(103). Pinched-up anterior area of second tergite (Fig. 4.16)
0. absent
1. slightly elevated (Fig. 4.1 6D)

2. strongly pinched-up but not reaching third tergite (Fig. 4.1 6C)
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3. strongly pinched-up and extending to third tergite (Fig. 4.16 A, G)
4. covered with many ridges
(104). Suturiform articulation shape
0. straight (Fig. 4.17).
1. U-shaped

2. V-shaped (Fig. 4.16 E).

3. M-shaped (Fig. 4.16 C, G).

(105). Strength of suturiform articulation arch
0. absent (Fig. 4.17).
1. weak (Fig. 4.16 D, E).

2. strong (Fig. 4.16 C).
3. very strong (Fig. 4.16 A, G, H).

(106). Suturiform articulation groove
0. absent (Fig. 4.19 C).

1. weak (Fig. 4.19 B).

2. deep (Fig. 4.19 A).
(107). Suturiform articulation carina
0. absent
1. present

(108). Suturiform articulation sculpture
0. smooth (Fig. 4.16 D, G, H).
1. carinate (Fig. 4.17).

(109). Pinched-up area of T3
0. absent (Fig. 4.18 A, B, D, E, F).
1. present (Fig. 4.18 C).

(110). Apical branch of suturiform articulation

132

Figure 4.18. Metasomata of Braconinae. A) Compsobracon sp. (Group 1), B)
Compsobracon sp. (Group 2), C) Compsobraconoides sp., D) Sacirema sp., E)
Compsobraconoides sp., F) Cyclaulax sp., G) Digonogastra sp.

Figure 4.19. Metasomal syntergite 2+3 with A) deep groove on
Cyclaulacideafergusoni, B) shallow groove on C. adairae, C) lack of
groove on C. picki. Arrow indicates suturifonn articulation.
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0. absent (Fig. 4.18 B-E).
1. weakly impressed (Fig. 4.18 A)

2. deeply impressed (Fig. 4.18 G)

Members of Digonogastra, the most diverse and abundant genus of
Neotropical Braconines, have a pair of deeply impressed apical branches of the

suturiform articulation on the third tergite. Some species of Compsobracon have a
weaker pair of these branches. All other genera of the Compsobracon group lack
these ridges.
(111). Third median tergite

0. smooth
1. heavily sculptured

Some of the outgroup have heavily sculptured third tergites, including one of
the

Bracon sp.

in our analysis. All taxa of the ingroup have a smooth third tergite.

(112). Median longitudinal carina of third tergite
0. absent
1. present

Some outgroup taxa have a median longitudinal carina on the third tergite,

including 3 of the outgroups in this analysis. No members of the Compsobracon
group are known to have this carina.
(113). Mid-basal triangular area of third tergite
0. absent (Fig. 4.16 A-H).
1. present (Fig. 4.18 G).

(114). Hypopygium (Fig. 4.2 E, F).
0. pointed apically (Fig. 4.2 F).
1. truncated apically (Fig. 4.2 E).

A truncated hypopygium is a putative synapomorphy for the genus
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Compsobracon. This character is illustrated in a SEM photograph in Quicke 1997
Figure 57.

(115). Dorsal border of hypopygium
0. flat
1. concave

2. convex
3. wavy

We observed that there was some variability in the shape of the dorsal border

of the hypopygium among members of the Compsobracon group. However, this
character can vary within a species and is likely an artifact of the position the wasp is
in when it dies.

(116). Conspicuous projections of males
0. present
1. absent

Quicke (1997) notes that male specimens of Gracilibracon have a
conspicuous projection. However, most of the specimens we have been able to

borrow are female. We have not dissected genitalia yet. This character has been
excluded from this analysis.

4.3.2.9 COLOR (Characters 117-119)

(117). Forewing color
0. entirely black
1. yellow in basal half, black apically with weak distinction, costa black
2. banded: yellow, black, yellow, black, Costa black

3. banded: yellow, black, yellow, black, costa yellow

iI
4. banded: black, yellow, black, yellow, black, costa black
5. yellow with black apical tip, sharp distinction
6. transparent
7. yellow in basal half, black apically with sharp distinction
8. black with yellow stigma
9. banded: clear, black, clear, black

10. black in basal half gradually becoming clear in apical half
B. black with yellow stigma and clear hourglass shaped spot behind stigma
C. black with one clear stripe

D. black with one yellow stripe
E. yellow apical band and basal yellow area along posterior margin
F. clear basally, gradually becoming black

G. yellow in basal half, black apically with weak distinction, costa yellow
(118). Tergum 3 color

0. black
1. yellowish orange

2. black posteriorly, yellowish orange anteriorly
3. black dorsally, yellowish orange laterally

4. reddish orange
5. reddish orange anteriorly, black posteriorly
6. mostly black, some white laterally
7. yellowish orange dorsally, entirely black laterally

8. mostly yellowish orange, some black laterally
9. black dorsally, reddish orange laterally
10. black anteriorly, reddish orange posteriorly

(119). Mesopleuron color
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0. entirely black
1. entirely yellowish orange

2. yellowish orange ventrally and anteriorly, black medially
3. mostly black with yellowish orange spot ventrally
4. black dorsally, yellowish orange ventrally

5. mostly yellowish orange, some black posteriorly
6. mostly yellowish orange, but small black area by tegula
7. mostly black with orange stripe in sternaulus area
8. black ventrally, yellowish orange dorsally

9. mostly black but brown ventrally
10. mostly black with orange spots by tegula and forecoxa

4.3.3 CLADISTIC ANALYSIS

We chose to analyze this dataset using T.N.T.Tree Analysis Using New
Technology Version 1.0 by P. Goloboff, J.S. Farris and K. Nixon. While all
other presently available phylogenetic analysis software can only handle discrete
characters, T.N.T. allows continuous characters to be used directly in phylogenetic
analysis without breaking them into discrete character states (Goloboff et al.

2004). However, at this stage in TNT's development the method by which it treats
continuous characters is not entirely clear. In the manual it is only stated that the
method used for continuous data is "transparent." However, when TNT plots
continuous data on a cladogram it assigns one of the character states found in the
other three nodes to the internal branch, suggesting that it treats continuous data the
same way that discrete characters are treated.

It is critical to include continuous data in this analysis because neither
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PAUP* nor TNT can complete an analysis of this data due to limitations of computer

memory. PAUP* can only hold up to 200,000 trees and TNT 900,000 trees with the
computers available for this analysis. Both programs reach their limit of possibly
suboptimal trees and stop their analysis. When continuous data are added to the
dataset TNT does not reach the maximum number of trees.
A traditional (heuristic) search was performed starting with Wagner trees,

using TBR branch swapping, and with 50,000 random addition sequences with

32 trees saved at each step. 900MB of memory were allocated to the analysis and
the maximum number of trees was set to 1,600,000.

Digonogastra sp.

was set

as the outgroup. The starting seed was set to 122177. All characters were given
a base weight of 1,000. Continuous data were then downweighted by dividing
the base weight by the maximum number of steps for that character, so that each
continuous character would have a maximum weight equal to a single discrete

character transition. This is to prevent such characters from having an extraordinary
weight due to the extremely large number of character states (over 65,000 states).
Continuous data were treated as additive (ordered), as were the discrete characters

59, 66, 76, 105, 106, and 110. These characters are all those of varying degree of

sculpture. All other characters are treated as unordered. Characters 10, 35, and 116
were excluded from the analysis. This T.N.T. data file is available in the electronic
CD appendix and TreeBASE (http://www.treebase.org).

4.4 RESULTS

4.4.1 ANALYSIS

The search yielded a single most parsimonious tree of 746,320.515 steps

(Figure 4.20) after a total of 43,777,174,733 rearrangements. The memory
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allocated to tree space did not overflow. The Compsobracon group was recovered
as monophyletic and the two exemplars of Mollibracon were found to be its sister

group. Monophyly of the Compsobracon group is supported by 20 characters
including the presence of facial ridges (Character 57: 1

0), the presence of a

median carina on the face (Character 61: 0 -3 1), the presence of a ladder-like series

of horizontal ridges between the main ridges and eyes (Character 64: 0 -3 1), the
presence of a complex spider-web like pattern of ridges on the face between the
median ridge and the main ridges (Character 65: 0

2), the presence of weak ridges

running at a roughly 45° angle from the median ridge to the eyes (Character 66: 0
1), and the presence of a weak groove on the anterior portion of the pronotum

(Character 73: 2 -3 1).
Two of the seven genera of the Compsobracon group are found to be

paraphyletic. Compsobraconoides is found to be a paraphyletic basal component of
the Compsobracon group. The character used to diagnose members of the genus,
a scape that is longer dorsally than ventrally, is plesiomorphic as it is found in

Mollibracon and other outgroups. There are several clades coming out within the

genus. One of them with the type species Compsobraconoides robustus Quicke is
supported by the presence of a square lobe on the tarsal claw. However, the other
clades of Compsobraconoides are supported primarily by continuous characters and
are not convincing groups.

Cyclaulax is also recovered as paraphyletic. All members of Cyclaulax can
be diagnosed by the presence of the short second tergite and scape that is longer

ventrally than dorsally. However, Cyclaulax is found to be composed of taxa that
can be arranged into three components. One, labeled Cyclaulax3 in the tree (Fig.
4.20), contains wasps that have a highly-modified Atanycolus-like scape. The

type species, Cyclaulax grandiceps Cameron, falls into this group. Monophyly of
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Cyclaualx3 is supported by the presence of a basal-concavity on the scape (Character

48: 0 -* 1), the presence of a slightly raised median area of the face (Character 62:
1) in a butterfly to chevron-shaped area (Character 63: 0

0

2), and the curved

shape of the first tergite (Character 92: 0 -* 3). The second component, labeled
Cyclaulax2 on the tree (Fig. 4.20) is composed of wasps that have a deep groove in

the hind tibia and unmodified scape. Many members of the group also have a filledin clypeus. Monophyly of Cyclaulax2 is supported by the presence of a series of
large crenulae and sharp ridge separating the clypeus from the rest of face (Character
71: 0

2), the presence of a crescent-shaped propodeal spiracle (Character 83: 0

1), the presence of a deep longitudinal depression on the hind tibia (Character 86: 0
1), the lack of a deeply-excavated base of the petiole (Character 93: 1

0), and

the presence of a M-shaped border between the first and second tergite (Character

100: 0 -* 3). The remaining specimens of Cyclaulax, labeled Cyclaulax* on the
tree, have neither the tibia groove nor highly-modified scape and are coming out as a
paraphyletic basal grade.

The other four genera, Compsobracon, Calobracon, Cyclaulacidea,

Gracilibracon, and Sacirema are found to be monophyletic. Compsobracon
is composed of two very distinctive groups of wasps. The one labeled as
Compsobracon on the tree has a scape that is longer ventrally than dorsally, a long
second tergite with a raised triangular bump pointing anteriorly, and a face that

is about as wide as high. The second group, labeled Compsobracon2 in the tree,
is composed of wasps that have a scape that is longer dorsally than ventrally, a
shorter second tergite lacking the triangular area, and a face that is much wider than

high. Specimens of Compsobracon also have almost twice as many flagellomeres
as those that fall into Compsobracon2. However, the truncated hypopygium
that is a traditional diagnostic character for the genus supports Compsobracon +
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Compsobracon2 as a genus. Monophyly of Compsobracon is supported by 24
characters including the loss of the groove down the middle of the face between the
antenna! sockets (Character 59: 1

0), the presence of strong ridges running at a

roughly 45° angle between the main ridge and the antennal sockets (Character 66: 1

3 2), the presence of an area of reduced setosity on the hindwing (Character 91: 1

9 0), the presence of a truncated hypopygium (Character 114: 0 9 1), the presence
of a convex border of the hypopygium (Character 115: 0 9 2), and the presence of
wings banded: yellow, black, yellow, black, costa yellow (Character 117: 0 9 3)
(Fig. 4.21).

Monophyly of Calobracon is supported by 27 characters including the
presence of a basal-concavity on the scape (Character 48: 0 9 1), the presence

of a very strong, wide groove down the center of the face (Character 59: 3 9 4),
the presence of a crescent shaped propodeal spiracle (Character 83: 0 9 1), and

the rectangular shape of the first tergite (Character 92: 0 9 1) (Fig. 4.22). This is
unchanged from Szépligeti's (1902) original diagnosis of the genus.

Monophyly of Cyclaulacidea is supported by 9 characters including the

absence of a pre-apical shelf on the scape (Character 47: 2 9 1), the absence of
antennal sockets being extended from the head (Character 52: 1 -3 0), the presence
of a very weak groove between the antenna! sockets (Character 59: 3 -3 1), the
presence of a slightly raised median area of the face (Character 62: 0 9 1) in a tear-

drop shape (Character 63: 0 -3 1), and the presence of a very weak ridge along the
anterior margin of the groove between the second and third tergites (Character 107: 0

-3 1) (Fig. 4.23). The tear-drop area of the face has been the diagnostic character for
the genus and it is still a good character to use to place specimens in this genus. It is
though, modified to a chevron to butterfly-shaped area in some taxa.

Monophyly of Calobracon + Cyclaulacidea as sister groups is supported by
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Figure 4.21. Phylogeny of Compsobracon.
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Figure 4.23. Phylogeny of Cyclaulacidea.
2), the presence of a smooth groove around the margin of the eyes (Character 67:
2

1), the presence of the clypeus being filled in unevenly (Character 69: 0 -* 3),

and the absence of a strongly laterally compressed foretarsus (Character 84: 0 -* 1).
Monophyly of Gracilibracon is supported by 7 characters including the Ushaped to Y-shaped facial ridges (Character 58: 1

2) and the absence of ridges

running from the median ridge to the antennal sockets (Fig. 4.24). The wasp that
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Figure 4.24. Phylogeny of Gracilibracon.
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is at the base of the Gracilibracon dade does not have the highly-modified scape
diagnostic of Gracilibracon. However, the rest of the species that are placed in the
genus do have this character (Character 48: 0

1).

Monophyly of Sacirema is supported by 9 characters including the lack of
large crenulae around the clypeus (Character 71: 2 -* 0), the presence of a deep
2), and the

groove between the second and third tergites (Character 106: 1

presence of a faint ridge along the anterior margin of that border (Character 107: 0
1) (Fig. 4.25).
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Figure 4.25. Phylogeny of Sacirema.
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Monophyly of Gracilibracon + Sacirema as sister groups is supported by the
presence of a longitudinal bump between the antenna! sockets (Character 56: 0

1),

the separation of the clypeus from the rest of the face by a smooth groove (Character

68: 2 -) 1), the presence of a deep groove along the hind tibia (Character 86: 0 -*
1), and the presence of a very strongly-arched groove between the second and third
tergites (Character 105: 1

3).

Monophyly of Calobracon + Cyclaulacidea + Gracilibracon + Sacirema is
supported by the presence of a shallow (Character 76: 0
77: 0

1) carinate (Character

1) groove between the mesoscutum and scutellum, the presence of an area

of reduced setosity on the hindwing (Character 91: 1
of the bump on the first tergite (Character 95: 1

3),

0), the rectangular shape
and the presence of a slightly

elevated pinched-up area on the anterior part of the second tergite (Character

103: 0

-1).
4.4.2 CHARACTERS

The data do not suggest that there is a universal relationship between
morphometric characters and body size among members of the Compsobracon

group. The results of a correlation between continuous data and body length are
in fact very complicated and heterogeneous. For most characters any correlation
between body size and character state is limited to a single genus (usually

Compsobraconwhich could easily be considered two distinct sister genera
obliterating this correlation) or a couple of genera. Many other characters are
weakly correlated with body size between genera, but not within genera. A series
of eight R2 values are reported after each continuous character. These are for the

entire Compsobracon group, Cyclaulax, Sacirema, Gracilibracon, Compsobracon,
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Compsobraconoides, Cyclaulacidea, and Calobracon, respectively. The closer
these numbers are to 1.0, the stronger the correlation with body size. The results are
summarized in Table 5.10. We considered R2 values 1.00-0.75 strongly correlated,
0.74-0.50 moderately correlated, 0.49-0.25 weakly correlated, 0.24-0.00 not

correlated. One can read these as the percent of variation in that character that can be
explained by body size. For example, the number of antennal fiagellomeres for the
Compsobracon group as a whole has a R2 = 0.75, so 75% of the variation in number
of antennal flagellomeres can be explained by body length if one wishes to do so.
Among the same taxa the length to width ratio of the scape has a

R2 =

0.01 so body

length can only be blamed for 1% of the variation in this character state. The number
in square brackets at the end is the weight that character received in the analysis out
of the baseweight of 1000. Graphs of individual character correlation with body size

are provided in the electronic CD appendix included with this dissertation. These
figures are reffered to as Figures 4.26 to 4.70 below.
(0). Number of antennal fiagellomeres

This is a strongly size-dependent character (Fig. 4.26) (R2

0.75, 0.46, 0.82,

0.63, 0.90, 0.65, 0.74, 0.62). [10/1000]
S(1). Length to width ratio of scape

This character is not correlated with size overall (Fig. 4.27), but is weakly

correlated among specimens of Gracilibracon and Cyclaulacidea (R2 = 0.01, 0.03,
0.04, 0.26, 0.17, 0.09, 0.33, 0.02). [43/1000]
(2). Length of first flagellomere compared to second fiagellomere

This is weakly correlated with size between genera (Fig. 4.28) and more

strongly so among specimens of Compsobracon, but is not correlated within any of
the other genera (R2 = 0.36, 0.06, 0.02, 0.09, 0.63, 0.05, 0.11, 0.04). [70/1000]
(3). Length of first flagellomere compared to third flagellomere
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This is weakly correlated with size between genera (Fig. 4.29) and more

strongly so among members of Compsobracon, but is not correlated within any of
the other genera

(R2

= 0.46, 0.09, 0.02, <0.01, 0.63, 0.09, 0.10, 0.08). [61/1000]

(4). Length to width ratio of third flagellomere

This is not correlated with size (Fig. 4.30) except for a strong correlation

among specimens of Compsobracon and a weak correlation among specimens of
Compsobraconoides

(R2

= 0.13, 0.04, 0.07, 0.17, 0.77, 0.25, 0.08, 0.09). [70/1000]

(5). Length to width ratio of apical flagellomere

This character is not correlated with body size (Fig. 4.31) (R2 = 0.15, <0.01,
0.05, 0.07, 0.06, 0.01, 0.08, 0.01). [50/1000]

(6). Length to width of eye (measured in dorsal view)
This character is not correlated with body size overall (Fig. 4.32) but is

moderately correlated among specimens of Cyclaulacidea and weakly correlated

among specimens of Gracilibracon and Compsobraconoides (R2 = 0.12, <0.01, 0.05,
0.28, 0.16, 0.35, 0.54, 0.01). [27/1000]

(7). Transverse diameter of posterior ocellus: post-ocellar distance
This character is not correlated with body size (Fig. 4.33) except for a weak
correlation among specimens of Compsobraconoides (R2 = 0.05, <.0 1, 0.12, 0.23,
0.01, 0.30, 0.03, 0.09). [5 1/1000]

(8). Shortest distance between posterior ocellus and eye: post-ocellar distance
This character is not correlated with body length overall (Fig. 4.34),

but is weakly correlated among specimens of Cyclaulax, Gracilibracon,
Compsobraconoides, and Cyclaulacidea (R2 = 0.10, 0.29, 0.08, 0.39, 0.01, 0.33,
0.35, 0.18). [10/1000]

(9). Height: width of eye
This character is not correlated with body length overall (Fig. 4.35), but is
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moderately correlated among specimens of Gracilibracon and weakly correlated
among specimens of Sacirema and Cyclaulacidea (R2 = 0.05, 0.03, 0.38, 0.56, 0.19,
0.02, 0.29, 0.11). [166/1000]

(10). Height of eye: length of face
This character is not correlated with body length overall (Fig. 4.36), but is

weakly correlated among specimens of Compsobracon and Cyclaulacidea (R2

=

0.06, 0.10, 0.22, <.01, 0.3, 0.11, 0.26, 0.02). [74/1000]
(11). Width of head: width of face

This character is not correlated with body length overall (Fig. 4.37), but is

weakly correlated among specimens of Cyclaulacidea (R2 = 0.11, 0.11, 0.03, 0.16,
0.01, 0.03, 0.27, 0.01). [57/1000]

(12). Inter-tentorial distance: clypeus width
This character is not correlated with body length overall (Fig. 4.38), but is
weakly correlated among specimens of Compsobracon (R2 = 0.01, 0.02, 0.02, 0.08,
0.39, 0.05, 0.21, <.01). [17/1000]
(13). Tentorio-ocular distance: clypeus width

This character is not correlated with body length overall (Fig. 4.39), but is
moderately correlated among specimens of Compsobracon and weakly correlated

among specimens of Gracilibracon (R2

=

<0.01, 0.07, <0.01, 0.39, 0.5, 0.01, 0.01,

<0.01). [29/1000]

(14). Face width: height
This character is not correlated with body length overall (Fig. 4.40), but is
moderately correlated among specimens of Compsobracon

(R2 =

<0.01, 0.15, 0.14,

0.13, 0.55, 0.19, 0.19, 0.13). [99/1000]

(15). Number of ridges paralleling malar suture
This character is not correlated with body length (Fig. 4.41)

(R2

= 0.04, 0.15,
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0.01, 0.01, 0.13, 0.16, 0.09, <0.01). [9/1000]

(16). Malar space: eye height
This character is not correlated with body length overall (Fig. 4.42), but is

weakly correlated among specimens of Sacirema and Compsobracon (R2 = 0.01,
<0.01, 0.25, 0.07, 0.40, 0.02, <0.01, 0.01). [173/1000]
(17). Mesosoma length: height
This character is not correlated with body length overall (Fig. 4.43), but is
weakly correlated among specimens of Compsobracon

(R2

= 0.15, 0.01, 0.01, 0.05,

0.44, 0.04, 0.11, 0.03). [94/1000]

(18). Propodeal spiracle height: width
This character is weakly correlated with body size (Fig. 4.44) both

between the different genera of the Compsobracon group and among specimens of
Calobracon, but is not correlated with body size in any of the other genera (R2

=

0.43, 0.12, 0.06, 0.12, 0.06, 0.24, 0.01, 0.46). [16/1000]
(19). Foretibia length: forefemur length
This character is not correlated with body size at all (Fig. 4.45)

(R2

= 0.02,

0.01, <0.01, 0.07, 0.04, 0.11, 0.03, <0.01). [232/1000]

(20). Foretarsus length: forefemur length
This character is moderately correlated with body size between the genera

of the Compsobracon group (Fig. 4.46) and weakly correlated among specimens of

Gracilibracon and Compsobracon

(R2

= 0.55, <0.01, 0.11, 0.49, 0.40, 0.01, 0.02,

0.19). [57/1000]

(21). Fore basitarsus length: width
This character is moderately correlated with body size (Fig. 4.47) between
the different genera of the Compsobracon group and weakly correlated among

specimens of Gracilibracon, but is not correlated in the other genera

(R2

= 0.40,
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0.08, 0.21, 0.26, 0.17, <0.01, 0.01, <0.01). [9/1000]

(22). Fore basitarsus length: second tarsomere length
This character is weakly correlated with body size (Fig. 4.48) between genera
and within Compsobracon, but not within other genera (R2

0.29, <0.01, 0.04, 0.01,

0.25, 0.02, <0.01, 0.02). [46/1 000]

(23). Hind femur length: width
This character is weakly correlated with body size (Fig. 4.49) between
genera but not within any genus (R2 = 0.40, 0.02, 0.07, 0.10, 0.03, 0.09, 0.11, 0.01).
[17/1000]

(24). Hind femur length: hind basitarsus length
This character is weakly correlated with body size (Fig. 4.50) between genera

and among specimens of Gracilibracon and Cyclaulacidea (R2

0.45, 0.12, <0.01,

0.34, <0.01, 0.02, 0.27, 0.17). [48/1000]

(25). Hind tibia length: hind basitarsus length
This character is weakly correlated with body size (Fig. 4.51) between genera

and among specimens of Calobracon, but not other genera (R2

0.28, 0.01, 0.02,

0.01, 0.24, <0.01, 0.02, 0.36). [54/1000]

(26). Outer hind tibia! spur length: hind basitarsus length
This character is not correlated with body length (Fig. 4.52) among genera

but is weakly correlated among specimens of Compsobracon and Cyclaulacidea (R2
= 0.16, 0.01, <0.01, 0.16, 0.48, 0.07, 0.31, 0.01). [164/1000]
(27). Inner hind tibia! spur length: hind basitarsus length
This character is not correlated with size (Fig. 4.53) among genera but is
weakly correlated among specimens of Compsobracon (R2
0.59, <0.01, 0.16, <0.01). [149/1000]
(28). Hind basitarsus length: width ratio

0.08, 0.01, <0.01, 0.14,
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This character is moderately correlated with body length (Fig. 4.54)

between genera and weakly correlated among specimens of Compsobracon and
Cyclaulacidea, but not the other genera (R2 = 0.54, 0.02, 0.02, 0.17, 0.44, 0.03, 0.26,
<0.01). [6/1000]

(29). Forewing vein 1M: iRS
This character is not correlated with body size (Fig. 4.55) except for a
moderate correlation among specimens of Compsobracon

(R2

= 0.13, <0.01, 0.02,

<0.01, 0.53, 0.16, 0.10, 0.07). [25/1000]

(30). Forewing vein 2M: r-m

This character is not correlated with body size (Fig. 4.56) except for a
moderate correlation among specimens of Compsobracon and a weak correlation
among specimens of Compsobraconoides

(R2

0.04, 0.09, 0.05, 0.13, 0.60, 0.30,

0.20, 0.11). [29/1 000]

(31). Forewing vein im-cu: r
This character is not correlated with body size (Fig. 4.57) except for weak

correlations among specimens of Compsobracon and Compsobraconoides (R2

=

0.04, <0.01, 0.01, 0.01, 0.28, 0.31, 0.01, 0.24). [57/1000]
(32). Forewing vein 1 rn-cu thickness: (RS+M)a thickness

This character is not correlated with body size (Fig. 4.58) (R2 = 0.02, <0.01,
<0.01, 0.10, 0.07, <0.01, <0.01, 0.03). [59/1000]

(33). Forewing vein 2RS: r-m
This character is weakly correlated with body size (Fig. 4.59) among the
genera of the Compsobracon group, moderately correlated among specimens of
Compsobracon, weakly correlated among specimens of Compsobraconoides and

Cyclaulacidea, and not correlated among specimens of the other genera (R2 = 0.46,
0.17, <0.01, 0.01, 0.69, 0.44, 0.37, 0.05). [53/1000]
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(34). Forewing vein 3RSa: r-m
This character is not correlated with body size overall (Fig. 4.60), but is

weakly correlated among specimens of Gracilibracon and Compsobracon

(R2 =

0.03, <0.01, 0.12, 0.26, 0.32, 0.12, 0.05, 0.10). [33/1000]
(35). Forewing vein 3RSa: r
This character is not correlated with size (Fig. 4.61) except for a weak
correlation among specimens of Compsobracon

(R2

= 0.12, <0.01, 0.03, 0.12, 0.32,

0.18, <0.01, 0.14). [13/10001

(36). Forewing vein 3RSb: r
This character is not correlated with body size (Fig. 4.62) except for a
moderate correlation among members of Compsobracon and a weak correlation
among members of Compsobraconoides (R2

=

<0.01, 0.09, 0.04, 0.28, 0.62, 0.06,

0.21, 0.3). [16/1000]

(37). Angle formed at intersection of forewing veins C+SC+R and iRS
This character is moderately correlated with body size (Fig. 4.63) among

the constituent genera of the Compsobracon group. There is a moderate correlation
among members of Compsobracon and a weak correlation among members of
Compsobraconoides, but no correlation within the other genera

(R2

= 0.63, 0.05,

<0.01, 0.06, 0.58, 0.25, 0.01, 0.22). [13/1000]

(38). Number of basal hamuli on hindwing
Almost all members of the Compsobracon group only have a single basal
hamulus except for members of the genus Compsobracon where it is moderately

correlated with size. This gives a moderate value for the group as a whole since the
largest of these wasps are members of Compsobracon (Fig. 4.64)
<0.01, <0.01, 0.57, <0.01, <0.01, 0.10). [45/1000]

(39). Hind wing vein R1A: lr-m

(R2

= 0.46, <0.01,
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This character is not correlated with body size (Fig. 4.65) except for a

moderate correlation among specimens of Compsobracon and a weak correlation

among specimens of Calobracon

(R2

= 0.16, <0.01, 0.01, 0.01, 0.56, 0.01, 0.15,

0.27). [46/1000]

(40). First median tergite length: width
There is a weak correlation between this character and body size (Fig. 4.66)
between genera but not within genera except for a moderate correlation among

members of Compsobracon

(R2

0.30, 0.04, 0.10, 0.02, 0.65, 0.08, 0.16, 0.03).

[31/10001

(41). Second tergite length (medially): width
There is a moderate correlation between this character and body size (Fig.

4.67) between genera and a weak correlation among members of Compsobracon, but
no correlation in the other genera (R2 = 0.53, 0.01, 0.06, <0.01, 0.32, <0.01, 0.04,
0.12). [60/1000]

(42). Third tergite length (medially): width
This character is weakly correlated with body length (Fig. 4.68) between
genera but not within any of the genera of the Compsobracon group (R2 = 0.36, 0.01,
0.01, 0.14, 0.16, 0.01, 0.10, <0.01). [120/1000]

(43). Second tergite length (medially): third tergite length (medially)
This character is not correlated with body length (Fig. 4.69) (R2 = 0.23, 0.12,
0.14, 0.14, 0.10, <0.01, 0.02, <0.01). [44/1000]

(44). Ovipositor length: body length
This character is weakly correlated with body length between genera but not
within any of the genera of the Compsobracon group
<0.01, 0.03, 0.17, <0.01). [22/1000]

(R2

= 0.47, <0.01, <0.01, 0.11,
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Table 5.10. R2 values for continuous character correlation with body size.
Ch = Character number
Ch Overall Cyclaulax Sacirema Gracilibracon Compsobracon Compsobraconoi Cyclaulacidea Calobracon
0
1

2

0.75

001
0.36

0.46

0 82

0.63

0.90

0.65

0 74

0.62

003

026

017

009

033

002

0.09

0.63

0.05

0 11

0.04

<01

063

009

010

0 17

0.77
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0.08

008
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007
028
023
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<01

006
016

001

008

<.01

004
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005
005

001

035
030

0.01

0.33
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0.3

0.11
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0 13
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0.21

0.5
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<01
<01

0.55
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009
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3
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009

4

0 13
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5

6
7

015
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10
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0.1

008
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11
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8

9
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003

015
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001
012

<01

0.12
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0.47

0 17

025
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007
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0.4
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044
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011

<01
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Antenna Morphology (Characters 45-51)

TNT Character restructions for discrete morphological characters 45-120 are

provided in the electronic CD appendix to this dissertation. These reconstructions
are reffered to as Figures 4.71 to 4.143 in the following character descriptions.
(45). Pedicel shape

This is a new character. The heavily sclerotized character state is found to

support a dade within Gracilibracon (Fig. 4.71). The swollen character state is
limited to several outgroup taxa.
*(46). Scape (relative length)

This has been used as a diagnostic character for more than a century

and is variable in the outgroup. In our analysis the scape longer ventrally than
dorsally is found to support monophyly of the Compsobracon group without

Compsobraconoides (Fig. 4.72). This character state is lost in Compsbracon2 and

Cyclaulacidea adairae.
*(47). Scape (shelf-like processes)
This is another classic character that was used as a diagnostic character for

Cyclaulax and Gracilibracon in Quicke's key (1997). It is known to be present in
the outgroups Atanycolus and Hemibracon. In our analysis the apical shelf supports

clades within Compsobracon and Cyclaulax (Fig. 4.73). The pre-apical shelf
supports Cyclaulax3 + Calobracon + Gracilibracon + Cyclaulacidea + Sacirema
(but is lost in Cyclaulacidea and some Sac frema).

*(48). Scape (basal concavity)

This is another traditional character known to be present in outgroups

Atanycolus and Hemibracon. In our analysis the presence of the basal concavity
independently supports monophyly of Cyclaulax3 , Calobracon, and most
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Gracilibracon (Fig. 4.74).
*(49). First flagellomere (swelling)

In our analysis almost all taxa have the first flagellomere swollen slightly

basally. It is lost in a few scattered smaller species of Compsobraconoides and

supports a dade of them (Fig. 4.75). I suspect this character is correlated with body
size.

(50). Apical fiagellomere (aciculate)

The shape of the apical fiagellomere has been used as a diagnostic character

for African Braconinae (Quicke 1987) but not for Neotropical Braconinae. In our
analysis we found that the apical fiagellomere is aciculate in all members of the
Compsobracon group (Fig. 4.76).
*(5 1). Flagellomere length

In our analysis we found that monophyly of Compsobracon is supported

by fiagellomeres being much shorter than wide (Fig. 4.77). This character is also
present in a few other species in other genera of the Compsobracon group.

Vertex of Head Morphology (Characters 52-55)

*(52) Antenna! sockets (extension from head)
Antennal sockets protruding from head is a traditional diagnostic character

for Calobracon; however, the antenna! sockets of Gracilibracon and Cyclaulax3
are also extended from the head albeit to a much lesser extent. In our analysis this

character supports monophyly of Cyclaulax3 + Calobracon + Gracilibracon +
Cyclaulacidea + Sacirema (but is lost in Cyclaulacidea and some Sacirema) (Fig.
4.78).

(53). Antenna! sockets (plate like shelf)
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This is a new character. Taxa that have antenna! sockets that are extended
from the head have some modification to the vertex of the head just behind the

antenna! sockets. In Calobracon the frons slopes down into a large socket.
Cyclaulax3 has a narrow plate-like shelf and in Gracilibracon there is a wide platelike shelf. These character states support monophyly of each of these three groups
(Fig. 4.79).

*(54). Vertex of head with (depression and groove)

Most species of the Compsobracon group have a smooth depression at the

vertex of the head with a weak groove down the middle of it. The taxa that do not
have this character are distributed randomly (Fig. 4.80).
(55). Vertex of head (lateral carinae)

This is a diagnostic character for some distantly related taxa in other

subfamilies of Braconidae. One included species of Compsobraconoides has this
character (Fig. 4.81) and it's likely that additional species also do.

Face Morphology: Characters 5 6-72.

(56). Longitudinal bump between antenna! sockets (presence)

This tiny bump has not been used as a diagnostic character before that I know

of. It is lost in many of the outgroups and derived members of most of the taxa of
the Compsobracon group (Fig. 4.82).
*(57). Facial ridges (presence)

This is the primary diagnostic character for members of the Compsobracon
group and this character supports monophyly of the group (Fig. 4.83).
(58) Facial ridges (shape)
This is a new character and appears to support many clades within genera

161

of the Compsobracon group (Fig. 4.84) and monophyly of Gracilibracon with
U-shaped to Y-shaped ridges. A drawback with TNT also becomes apparent here
as the program only traces a maximum of 10 character states. The rest appear

as black lines. This doesn't really matter here since most of the character states
are autapomorphies. Furthermore, the numbers given to character states on
reconstructions do not match the numbers entered into TNT. Because continuous
data are in a form only supported by TNT, the data set cannot be easily moved into
MacClade or other programs to examine character evolution.
(59). Deep anterior groove between antennal sockets (sculpturing)
This groove in the face starts out absent and gradually gets deeper in

several genera of the Compsobracon group (Fig. 4.85). This character supports the
monophyly of Calobracon and many clades within other genera.
(60). Area between ridges (sculpturing)

The median area of the face between the main longitudinal ridges starts out
level with the rest of the face in the Compsobracon group and in some taxa becomes

filled in or even bulging outward from the rest of the face (Fig. 4.86). The character
reverses back to level with rest of face in many taxa. The bulging outward area is
synapomorphic for Compsobracon2.
(61). Median carina on face @resence)

The median carina on the face is present in almost all representatives of the
Compsobracon group with the exception of some species of Compsobracono ides and

Compsobracon (Fig. 4.87). It is also present in some outgroup taxa.
(62). Median carina on face (raised shape presence)
The median carina on the face is independently developed into a slightly
raised median area and supports a dade of Compsobracon, Cyclaulax3 , and

Cyclaulacidea (Fig. 4.88).
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(63). Median carina on face (raised shape shape)
The shape of this slightly raised median area varies from a kite-shaped

area supporting a dade of Compsobracon to a tear-drop shaped area supporting
Cyclaulacidea to a butterfly to chevron-shaped area supporting Cyclaulax3 (Fig.
4.89).

(64). Area between ridges and eyes (sculpturing)

The area between the main ridges and the eyes has a series of ladderlike

carinae in most members of the Compsobracon group (Fig. 4.90). These ridges
are irregular instead of ladderlike in most species of Gracilibracon and randomly
assorted other taxa. They are also lost entirely in a couple species of Compsobracon.
(65). Area between median carina and ridges (sculpturing)
The sculpturing of the median area of the face between the median carina
and main longitudinal ridges is highly variable in the Compsobracon group (Fig.

4.91). Changes in this sculpturing do support clades within Compsobraconoides,
Cyclaulax, Sacirema, and Gracilibracon.
(66). Ridges running at 45° angle from middle ridge to antennal sockets (sculpturing)
These small ridges start out weak in the Compsobracon group and become

strong in Compsobracon and Calobracon + Cyclaulacidea (Fig. 4.92). Loss of the
ridges supports Gracilibracon and one dade of Cyclaulax.
(67). Groove around eyes (presence)
Most members of the Compsobraconoides have crenulate grooves around the

margin of the eyes (Fig. 4.93). These grooves are smooth in many species including

most species of Calobracon, Cyclaulacidea, and Gracilibracon.
(68). Clypeus (border sculpture)
Most species in the Compsobracon group have the clypeus separated from

the rest of the face by a smooth groove (Fig. 4.94). This groove becomes rugose in
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some taxa and is even broken dorsally in a few.
(69). Clypeus (filling)

The clypeus is not filled in in most species of the Compsobracon group

(Fig. 4.95). It is filled in in various stages in a few members of Cyclaulax and all

Calobracon and Cyclaulacidea.
(70). Ventral margin of clypeus (shape)

Several outgroup genera have a clypeus with a flat or convex ventral margin.

It is concave in species of the Compsobracon group (Fig. 4.96).
(71). Area around clypeus (sculpturing)

This is a new character. In most Neotropical Braconinae the area around the
clypeus is indistinguishable from the rest of the face. However, some members of
the Compsobracon group have a smooth groove or series of large crenulae around
the clypeus (Fig. 4.97).
(72). Face (glabrous or setose)
This has not been used as a diagnostic or phylogentic character but has been

noted by Quicke and other Hymenopterists. In members of the Compsobracon group
and one exemplar from Mollibracon the face is glabrous with virtually no hair at all

except around the clypeus (Fig. 4.98). Most other Neotropical braconinae have a
densely setose face with any glabrous area confined to the median area of the face.

Mesosoma Sculpture (Characters 73-83)

(73) Pronotum (groove)
Most members of the Compsobracon group have a deep groove along the

front of the pronotum (Fig. 4.99). However, this groove is slightly weaker in some
members of Compsobraconoides.
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* (74). Notaulus (sculpturing)

The notaulus is not impressed in most members of the Compsobracon group

(Fig. 4.100). However, it is weakly impressed in a few scattered members of the
group.

(75). Scutellum (flanges)
This character was excluded because it is present in all taxa.
(76). Border between mesoscutum and scutellum (groove presence)
Most members of the Compsobracon group and most outgroup exemplars
have a groove at the border between the mesoscutum and scutellum (Fig. 4.101).
The groove is absent in a few outgroups and in some members of Compsobracon and
Cyclaulax.

*(77). Border between mesoscutum and scutellum (sculpture)
Most members of the Compsobracon group have a smooth border between

the mesoscutum and scutellum (Fig. 4.102). However, some species have a series of
longitudinal carinae running across this area.

(78). Border between mesoscutum and scutellum (median carina presence)
Many braconid taxa have a strong median carina in scutellar sulcus area near

the border of the mesoscutum and scutellum. One species of Compsobraconoides
has been found with this character (Fig. 4.103).
(79). Border between mesoscutum and scutellum (median pit presence)

Most members of Gracilibracon and quite a few other members of the
Compsobracon group and outgroup have the median area of the border of the
mesoscutum and scutellum developed into an enlarged pit (Fig. 4.104).
(80). Metanotum (sculpture)

Most species of the Compsobracon group have a smooth metanotum. Any
sculpturing of this area is usually restricted to randomly distributed taxa (Fig. 4.105)
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and may be an artifact of the position the wasp dies in.
*(81). Propodeum (median carina presence)

Members of a small dade of Compsobraconoides and some outgroup taxa
(and many other braconids) have a median ridge on the propodeum (Fig. 4.106).
*(82). Propodeum (lateral carina presence)

Compsobraconoides cinnamomi and many distantly related braconids have a

pair of lateral longitudinal carinae on the propodeum. This is the only member of the
Compsobracon group observed to have such carinae present (Fig. 4.107).
(83). Propodeal spiracle (shape)
A crescent shaped propodeal spiracle arises seven separate times within the
Compsobracon group (Fig. 4.108).

Leg Morphology (Characters 84-87)

(84). Foretarsus (lateral compression)
The foretarsus is laterally compressed in dorsal view in a few species

of Compsobraconoides and Cyclaulacidea, most species of Cyclaulax and
Gracilibracon, and all species of Sacirema (Fig. 4.109).
*(85). Tarsal claw (shape)

Most species of the Compsobracon group have a very simple tarsal claw with

a very small rounded basal lobe. A larger square basal lobe supports monophyly
of one of the clades of Compsobraconoides but is also found in several species of
Compsobraconoides outside of that dade and many outgroup taxa (Fig. 4.110).
(86). Hind tibia (longitudinal depression)

This is a new character for the Compsobracon group but has already been

used for other Braconinae. All members of Cyclaulax2, Gracilibracon, and some

166

members of Sacirema have a deep longitudinal groove on the hind tibia, while

other members of the Compsobracon group do not. The chracter appears to be
independently derived in Cyclaulax2 and Gracilibracon + Sacirema (Fig. 4.111).

(87). Hind telotarsus (thick setae)
This is a diagnostic character for Compsobracon and is found in most
members of the genus (Fig. 4.112).

Wing Morphology (Characters 88-93)

(88). Forewing (veins 1M and lcu-a)
This character is highly variable in braconids and often varies within a

species. It varies in a scattered fashion throughout the Compsobracon group (Fig.
4.113).

*(89). Forewing vein (RS+M)a (curvature)

A strongly curved forewing vein (RS+M)a is a diagnostic character for the

Compsobracon group. It is also found in the putative sister group Mollibracon and

many species of Digonogastra and Hemibracon. Within the Compsobracon group
the curved vein is never lost but is more strongly bent within some members of
Gracilibracon (Fig. 4.114).
(90). Forewing vein (RS+M)b (completion)
Forewing vein (RS+M)b is typically broken towards the apical end of the

vein in members of the Compsobracon group (Fig. 4.115). The vein is not broken
in many species of Compsobracon and some species of Compsobraconoides and
Cyclaulax.

*(91). Area of reduced setosity on hindwing (presence)
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In the description of Cyclaulacidea matilei Villemant and Simbolotti (2000)

note the presence of an area of reduced setosity on the hindwing. This glabrous

area is present in all members of Compsobracon, Calobracon, Gracilibracon,
Cyclaulacidea, and Sacirema, but only a couple species of Cyclaulax and
Compsobraconoides (Fig. 4.116).

Metasomal Sculpture (Characters 92-116)

(92). First median tergite (shape)

The shape of the first median tergite varies greatly among members of

the Compsobracon group and appears to provide support for Compsobracon,
Cyclaulax3, and Calobracon (Fig. 4.117).
(93). Base of petiole (excavation)
Most species of the Compsobracon group have a deep excavation at the

base of the petiole (Fig. 4.118). However, most members of Compsobracon and
Gracilibracon have lost this deep excavation, as have some members of all of the
other genera except for Sacirema.
(94). First median tergite (bump)
Most Neotropical Braconinae have a strongly raised median longitudinal

bump on the petiole. This bump becomes weak in some members of
Compsobraconoides and Cyclaulax (Fig. 4.119).
(95). Bump on first median tergite (shape)

The shape of the median longitudinal bump on the petiole is highly variable

within the Compsobracon group. Changes to the shape of this bump support many
clades in the tree (Fig. 4.120).
*(96). First median tergite (median carina)
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Many braconids have a strong median longitudinal carina on the first tergite.
In our study this character was only represented by one outgroup taxon (Fig. 4.12 1).

*(97). First median tergite (lateral carina near median bump)
The presence of lateral carinae closely paralleling the median bump creating

a sharply defined bump is a synapomorphy for Cyclaulacidea + Calobracon, but is
also found in a couple of species of Gracilibracon and several outgroup genera (Fig.
4.122).

*(98). First median tergite (lateral lateral carina)

Almost all species of Sacirema have a pair of lateral carinae entirely

separated from the median bump running along the margin the first tergite. These
ridges are also found in many other Compsobracon group taxa (Fig. 4.123).
(99). First median tergite (Y-shaped ridge)
The presence of a Y-shaped ridge in the middle of the first tergite is a

diagnostic character for Hemibracon. One of the two Hemibracon exemplars
included in this analysis possessed this character state. It was not found in any
members of the Compsobracon group (Fig. 4.124).

(100). Border between first and second tergite (shape)
The shape of the border between the first and second tergites is somewhat

variable among members of the Compsobracon group. A W-shaped border supports
Compsobracon and a M-shaped border supports Cyclaulax2 (Fig. 4.125).
* (101). Second median tergite (mid-basal triangle pointing posteriorly)

Many Neotropical braconines including the ubiquitous Digonogastra have
a raised mid-basal triangular area on the second tergite that points posteriorly. The
loss of this character supports monophyly of the Compsobracon group with other
braconines that have also lost this feature (Fig. 4.126).
(102). Second median tergite (mid-basal triangle pointing anteriorly)

169

Members of Compsobracon, except for the Compsobracon2 dade, have a
strongly raised mid-basal triangular area pointing anteriorly on the second tergite

(Fig. 4.127). This triangle is much more strongly raised and rounded compared to
the flat weaker triangle pointing posteriorly in Digonogastra and other genera.
(103). Second median tergite (pinched-up area)

Many genera of the Compsobracon group have a pinched-up area on the

second metasomal tergite. A few Cyclaulax and Compsobraconoides have this, as do

the Compsobracon2 dade of Compsobracon, most Calobracon, and all members of
Gracilibracon, Cyclaulacidea, and Sacirema (Fig. 4.128).
(104). Suturiform articulation shape

Most members of the Compsobracon group have a M-shaped suturiform
articulation (border between the second and third tergite). This groove is more Vshaped and weakly arched in some clades and is U-shaped in a few isolated species
(Fig. 4.129).

(105). Suturiform articulation (arch)
Most members of the Compsobracon group have the suturiform articulation

weakly arched. The groove becomes more strongly arched in a dade of
Compsobraconoides and very strongly arched in Sacirema + Gracilibracon (Fig.
4.130).

(106). Suturiform articulation (groove)
Almost all members of the Compsobracon group have a weak groove along

the suturiform articulation. The groove is deeper in members of Sacirema and a
few other isolated species. The groove is absent in a few other isolated species (Fig.
4.13 1).

(107). Suturiform articulation carina

Most members of Cyclaulacidea and Sacirema have a very faint ridge along
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the anterior margin of the suturiform articulation (Fig. 4.132).
(108). Suturiform articulation sculpture
The suturiform articulation is smooth in most members of the Compsobracon

group. A few isolated species of Sacirema and Compsobraconoides have the groove
carinate (Fig. 4.133).
(109). Pinched-up area of T3

Only a few species of Compsobraconoides and some exemplars from the
outgroup have a pinched-up area on the anterior part of the third tergite (Fig. 4.134).
(110). Apical branch of suturiform articulation

Many species of Braconinae have a pair grooves running diagonally away

from the suturiform articulation to the margin of the third tergite. This apical
branch is absent from all members of the Compsobracon group except for species of
Compsobracon excluding the Compsobracon2 dade (Fig. 4.135).
(111). Third median tergite (sculpture)

All members of the Compsobracon group have a smooth third tergite. That
tergite is heavily sculptured in some outgroup taxa (Fig. 4.136).
(112). Third tergite (median carina)

All members of the Compsobracon group have a smooth third tergite. That
tergite has a median longitudinal ridge in some outgroup taxa (Fig. 4.137).
(113). Third tergite (mid basal triangular area)

All members of the Compsobracon group have a smooth third tergite. That
tergite has a raised mid-basal triangular area pointing posteriorly in some outgroup
taxa (Fig. 4.138).
(114). Hypopygium (pointed)

All members of the genus Compsobracon have a hypopygium that is

truncated. This is not known from any other taxa, with the exception of a single
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species of Sacirema that has the hypopygium truncated to some degree (Fig. 4.139).
(115). Dorsal border of hypopygium (shape)
This character is extremely plastic among members of the Compsobracon
group and is likely an artifact of the position the wasp is in when it dies (Fig. 4.140).
(116). Conspicuous projections of males (presence)

This character was excluded because male genitalia has not yet been the
subject of detailed examination within the group.

Color (117-119)

(117). Forewing color

Color characters cannot really be traced using TNT, as it only traces 10 states

and the color patterns have more than 10 states. TNT also starts using colors that
show up as duplicates after 6 character states (Fig. 4.141). Color pattern character
states will be mapped on manually in a future publication (Chapter 6).
(118). Tergum 3 color (Fig. 4.142)

(119). Mesopleuron color (Fig. 4.143).

4.5 CONCLUSION

The Compsobracon group is strongly supported as a monophyletic group and

Mollibracon appears to be the sister group. Compsobraconoides and Cyclaulax are
paraphyletic assemblages while Compsobracon, Sacirema, Cyclaulacidea, Sacirema,

and Calobracon are monophyletic groups. For an ideal classification based on
cladistics where no genera are paraphyletic dozens of new genera would need to

be described. However, because the basal taxa Compsobraconoides and Cyclaulax
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are only represented by exemplars in this study this number could greatly increase.
However, this problem of very large paraphyletic genera gets worse as you move

outside of the Compsobracon group. The basal genus of the group of Braconinae
that includes the Compsobracon group--Bracon is known to be a huge paraphyletic
assemblage of thousands of species (Belshaw et. al. 2001).
The resulting hypothesis seems robust with the exception of relationships

within the paraphyletic genera Compsobraconoides and Cyclaulax. Clades within
these genera are largely supported by continuous data in this analysis. The number
of species grouping into clades in these two groups can vary with the addition of
taxa and/or characters. This may be due to relatively poor taxon sampling within
those two genera. Additional data is needed to provide a robust hypothesis for
relationships within these groups.

The small amount of molecular data available for the Compsobracon group
(Beishaw et al. 2001) also supports the monophyly of the Compsobracon group.
Their results also found that Compsobraconoides is of questionable monophyly

and that is also supported by this analysis. However, they found that Cyclaulax
was monophyletic. This is probably due to taxon sampling, as Cyclaulax is a very
diverse genus and contains several large clades, some of which may need to be

considered for generic status. If their three exemplars happened to be from the same

dade it would explain the incongruence with our results. They found that exemplars
from Calobracon and Gracilibracon were sister group to Cyclaulax, which is also
congruent with our analysis. Finally, they also reported that some of their analyses
recovered an Australian dade that included Mollibracon as sister group to the
Compsobracon group. This is also congruent with our analysis.
Overall TNT performed well in this analysis. The search was much
faster than PAUP* and the program was able to store more trees. The biggest
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disadvantage at this point is that it is not easy to move data sets with continuous

characters between TNT and other programs. The fact that output in character state
reconstructions is limited to 10 character states while the program can handle 32

character states is also a problem at this time. Furthermore, the output character state
reconstructions were assigning different numbers to character states than the input

when character state names were not defined. When calculating Bremer support
values within TNT, the program ran for 3 weeks and ended up using a tree that was

longer than the tree found by our analyses. The Bremer support values were also
suspicious--about half of the branches were given the same value of 743. However,
the authors are providing monthly updates fixing bugs like the ones mentioned in

this paragraph. The fact that TNT rapidly analyzed a large data set that included raw
continuous data and produced results that were largely congruent with molecular
data makes TNT a valuable tool worthy of consideration for analyses.
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5.1 ABSTRACT

The Compsobracon group is composed of seven genera of Neotropical

Braconinae: Compsobracon Ashmead, Calobracon Szépligeti, Cyclaulax Cameron,
Compsobraconoides Quicke, Cyclaulacidea Quicke and Delobel, Gracilibracon
Quicke, and Sacirema Quicke. Four of these genera are very recently described.
Specimens of the Compsobracon group and undetermined Neotropical Braconinae

were borrowed from 19 natural history collections and sorted at least to genus. A
detailed examination of 1,133 specimens of this group has revealed several species

with combinations of characters that blur the lines between genera. A new key to the
genera of the Compsobracon group is provided to accommodate the variability found
in this new material.
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5.2 INTRODUCTION

The Compsobracon group of Neotropical parasitic wasps (Hymenoptera:
Braconidae) is a diverse group of 7 genera and at least 100 species that vary from the
enormous, bright, aposematically colored species of Compsobracon to the tiny and

inconspicuous species of Compsobraconoides. The Compsobracon group contains
42 described species that share a unique facial sculpture and are divided into seven

genera: Compsobracon Ashmead, Calobracon Szepligeti, Cyclaulax Cameron,

Compsobraconoides Quicke, Cyclaulacidea Quicke and Delobel, Gracilibracon
Quicke, and Sacirema Quicke (Quicke 1997). Characters that define the genera
within the Compsobracon group include scape morphology, shape of the foretarsus,

wing venation, and metasomal sculpture (Quicke 1997). A few undescribed species
have combinations of these characters that make generic placement difficult.
This paper builds on the Key to the New World Genera of the Subfamily
Braconinae by Quicke (1997) by proposing a new key for the genera of the

Compsobracon group. These are the taxa separated from the remainder of the
Braconinae by the first half of couplet six in Quicke's key.

5.3 METHODS

As part of a generic level revision of the Compsobracon group a total
of 4,918 specimens of Neotropical Braconinae were borrowed from 19 insect

collections. 1,133 of these are members of the Compsobracon group. This material
includes 26 specimens of Calobracon, 518 specimens of Compsobraconoides, 99
specimens of Gracilibracon, 114 specimens of Compsobracon, 143 specimens of
Sacirema, 41 specimens of Cyclaulacidea, and 182 specimens of Cyclaulax. All
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specimens were sorted to genus using Quicke's key (1997). Approximately 10
species were of indeterminate generic identity. The results of a phylogenetic analysis
of members of the Compsobracon group (Leathers et. al. Chapter 4) were used to
determine the placement of these taxa.

5.4 RESULTS

The examination of morphological variability in these taxa and phylogenetic
analysis have revealed several modifications needed to the characters used by Quicke

(1997) to diagnose these genera. The character state of the scape used to diagnose
Compsobraconoides (scape shorter ventrally than dorsally) is found in some species

of Cyclaulacidea and Compsobracon. Furthermore, not all species of Gracilibracon
have the strongly pinched-up area of the second tergite. An updated printed key
is available below, and an HTML based online interactive version of this key is

available at (http ://oregonstate.eduJ4eatherj/generickey.html). Morphology follows
Sharkey & Wharton (1997).

Members of both Compsobraconoides and Cyclaulax have good diagnostic

characters that sound like putative synapomorphies. Species of Compsobraconoides
can be recognized from all other members of the Compsobracon group by the

presence of a scape that is longer dorsally then ventrally (Fig. 5.1B). However,
this scape is a plesiomorphic character found in many outgroup taxa including the

sister group to the Compsobracon group Mollibracon. Species of Cyclaulax can
be recognized by a combination of two characters: a scape that is longer ventrally
than dorsally. (Figs. 5.1A, C, E) and a very short second tergite (Fig. 5.5A).

However, the short second tergite is a plesiomorphic character found in species of
Compsobraconoides and other outgroup taxa.
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Figure 5.1. Scapus of Braconinae. A) Calobracon sp., B) Compsobraconoides
sp., C) Gracilibracon sp., D) Cyclaulacidea adairae Leathers, E) Cyclaulacidea

Scape longer dorsally than ventrally (Fig. 5.1 B); face flat and smooth or

with median longitudinal ridge between main ridges (Fig. 5.2B), never
bulging outward, with raised median area, or with deep groove between
antenna! sockets .............................................................. Compsobraconoides
Scape almost always longer ventrally than dorsally (Figs. 5.1 A, C, E); rarely
longer dorsally than ventrally (Fig. 5.1 D) but if so than the median area of the

Figure 5.2. Faces of members of the C'ompsobracon group. A) alobracon sp., B)
Compsobraconoides cinnamomi Fortier & Nishida, C) Compsobracon sp. (Group
2), and D) Compsobracon sp. (Group 1).
face has a slightly raised tear-drop shaped area (Fig. 5.3A), is bulging
outward (Fig. 5.2C), or has a deep longitudinal groove (Figs. 5.2A, 5.3B, C)
............................................................................. 2
Compsobraconoides has traditionally been considered the only

member of the Compsobracon group with a scape that is longer
dorsally than ventrally. However, a single species of Cyclaulacidea
and some species of Compsobracon (Group 2) also have a scape that
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Figure 5.3. Faces of members of the Compsobracon group. A) Cyclaulacidea hunten Leathers, B) Cyclaulax grandiceps Cameron, C) Gracilibracon gracilescens
(Cameron), and D) Sacirema lachrymosus (Cameron).
is longer dorsally than ventrally. Therefore it is also important to look
at facial sculpture when identifying members of Compsobraconoides.

The species of Cyclaulacidea has a weakly raised tear-drop shaped
area in the middle of the face and the members of Compsobracon
(Group 2) have the middle of the face bulging outward from the rest

of the face. All known species of Compsobraconoides are smooth or
have a median ridge in the center of the face.
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2(1).

Antenna! sockets projecting from head (Fig. 5.2A), creating a deep, wide
groove down the middle of the face (Fig 5.2A); scape very short with ventral
surface bent at midpoint at 45° angle (Figs. 5.1A, 5.2A) .............. Calobracon

-

Antennal sockets not projecting from head, face with narrow groove (Fig. 5.3
B, C) or no groove at all); scape much longer with ventral surface smooth
(Fig. 5.1 D, E) or if bent then bent very close to head (Fig. 5.1C) ................ 3

Specimens of Calobracon are very easy to separate out from the

/

B

1J

)

C

Figure 5.4. Diagnostic characters for Compsobracon. A) Truncated hypopygium
of Compsobracon sp., B) Pointed hypopygium of Digonogastra sp., C) and D)
especially thickened setae on hind tarsus of Compsobracon spp.
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remainder of the Compsobracon group by their distinctive short scape
and projecting antennal sockets that form an extremely deep groove

down the middle of the face. No specimens outside of Calobracon
have either of these character states.

3(2).

Hypopygium truncated apically (Fig. 5.4A); apical tarsomere of hind leg
usually with especially thickened setae ventrally (Fig. 5.4 C, D); median part
of face sometimes bulging outward from rest of face (scape longer dorsally
than ventrally when this is the case (Fig. 5.2C)) ..................... Compsobracon

-

Hypopygium pointed apically (Fig. 5.4B); apical tarsomere of hind leg
lacking especially thickened setae; median part of face not bulging outward
fromrest of face ............................................................................................. 4
Specimens of Compsobracon are easily separated from the remainder
of the Compsobracon group by thier very large size and colorful
nature. Members of this genus are usually 15+ mm in length (although
there are a few smaller speices), while almost all known members

of the other genera are less than 13 mm in length. All species of
Compsobracon can also be identified by their truncated hypopygium
(the last segment of the female abdomen on the ventral side). They

also have very thick setae about halfway down the ventral side of the
apical tarsomere of the hind leg, but these can be very difficult to see
or absent in some of the smaller specimens.

4(3).

Second tergite very short, smooth, flat, lacking raised pinched-up area, and
rather M-shaped (Fig. 5.5A); median bump on first tergite usually barely
elevated above rest of petiole (Fig. 5.5A) ........................................ Cyclaulax
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-

Second tergite longer and often with pinched-up area anteriorly (Fig. 5.5

B,C); median bump of first tergite often strongly elevated above rest of
petiole ............................................................................................................. 5
Cyclaulax is a paraphyletic assemblage of species between
Compsobraconoides and the remainder of the Compsobracon group.
It is an extremely diverse group morphologically--especially in
important diagnostic characters of the face and sc ape. However, all

members of Cyclaulax can be easily distinguished from the remaining
genera in the Compsobracon group by their very short, smooth second
metasomal tergite. While the tergites of all of the genera are relatively
short medially, in Cyclaulax they are also short half way between the
median area and the lateral edge. The tergite is extended posteriorly in
the other genera and is usually pinched-up anteriorly.

5(4).

Scape almost always with strong pre-apical ledge and deeply excavated basal
concavity (Fig. 5.1C); second tergite almost always with strongly pinched-up

Figure 5.5. Metasomata of members of the Compsobracon group. A) C'yclaulax
sp., B) Gracilibracon sp., C) Cyclaulacidea bruchivorus.
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area reaching third tergite (Fig. 5.5B); facial ridges U-shaped to Y-shaped
(Fig. 5.3C) ................................................................................. Gracilibracon
-

Scape always lacking basal concavity and usually pre-apical ledge as well
(Fig. 5.1 D, E); second tergite with pinched-up area anteriorly that does not
reach third tergite (Fig. 5.5 C), or lacking pinched-up area entirely; facial
ridges usually parallel to bowed outward (Fig. 5.3A, 5.3D) .......................... 6

Most species of Gracilibracon have a very interesting highlymodified scape with a basal concavity and pre-apical shelf. Curiosly,

some species of Cyclaulax, Hemibracon, and Atanycolus also have

this character. Gracilibracon does have a unique second tergite with
a strongly pinched-up area that reaches all the way to the third tergite.

The combination of these two characters are sufficient to identifr
wasps as Gracilibracon. The other two genera remaining for next
couplet always lack the highly-modified scape and usually have a
shorter pinched-up area on the second tergite (or are completely
smooth).

6(5).

Face with slightly raised tear-drop (Fig. 5.6A), chevron (Fig. 5.6B), or
butterfly-shaped (Fig. 5 .6C) area medially; first tergite usually with strongly

raised rectangular bump (Fig. 5.5C) (but rarely tongue-shaped); border
between second and third tergite usually with shallow weakly-arched groove
(Fig. 5.8B), but sometimes with deep groove (Fig. 5.8A) or no groove at all
(Fig. 5.8C) ................................................................................. Cyclaulacidea
-

Face lacking any slightly raised area, with strong median ridge bordered by
irregularly rugose area (Fig. 5.3D); usually with strongly raised tongueshaped area (Fig. 5.7), never with rectangular area; border between second

189

and third tergite with strongly-arched deep
groove (Fig. 5.7)

Sacirema
Cyclaulacidea and Sacirema are
both monophyletic groups. The

best way to tell them apart is that

species of Cyclaulacidea all have a
slightly raised tear-drop, chevron, or
butterfly-shaped area in the middle

of their face. Species of Sacirema
are lacking this area and have a
strong median ridge with an irregular
rugose area on both sides. The border
between the second and third tergites
is also more strongly-arched and

deeper in Sacirema, but one species
of Cyclaulacidea has a deep groove

that could be confused. Species of
Cyclaulacidea also tend to have a
rectangular bump on the petiole,

Figure 5.6. Faces of species
of Cyclaulacidea with A)
tear-drop, B) chevron, and
C) butterfly-shaped slightly
raised areas of the face.

while species of
Sacirema tend to have
a tongue-shaped bump.
However, a few species

of Cyclaulacidea also
have a tongue-shaped

Figure 5.7. Metasoma of Sacirerna sp.
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Figure 5.8. Image of metasomal syntergite 2+3. Arrow indicates suturiform
articulation with A) deep groove on Cyclaulacidea. fergusoni, B) shallow groove
on C. adairae, and C) lack of groove on C. picki.

191

bump.

5.5 ACKNOWLEDGEMENTS

We thank Kim Smith for illustrations and the following people who helped

to provide specimens for this study: Bob Zuparko at CAS and the University
of California Berkeley, Cohn Brammer at EMUS, Scott Shaw at ESUW, Yaneth
Mufloz-Saba at IAVH, David at MNHN, Alexandre Aguiar at MZSP, Kees van

Achterberg at RMNH, Bob Wharton at TAMU, David Smith at USNM, Philip
Clausen at the University of Minnesota, Joe Fortier at Saint Louis University,
Henri Goulet at the Canadian National Collection, Philip Perkins at the Museum

of Comparative Zoology (Harvard University), Martha Potts at the University of
Kentucky, Robert Sites at the Wilbur R. Enns Entomology Museum (University of
Missouri), David Wahl at the American Entomological Institute, and Jim Wiley at

the Florida State Collection of Arthropods. This work was supported by the Harold
and Leona Rice Endowment for Systematic Entomology, NSF Grant DEB-0093392
to D.D. Judd, the George Ferguson Endowment Fund, and the USDA Western Forest
Insect Collection.

192

5.6 LITERATURE CITED
Quicke, D.L.J. 1997. Subfamily Braconinae. In Identification manual to the New
World genera of Braconidae. Eds. R.A. Wharton, P.M. Marsh, and M.J.
Sharkey. Special Publ. Internat. Soc. Hym. 1: 148-174.
Sharkey, M.J. and R.A. Wharton. 1997. Morphology and terminology. In Manual
of the New World genera of the family Braconidae (1-lymenoptera), vol. 1, ed.
R.A. Wharton, P.M. Marsh, and M.J. Sharkey, 19-38. International Society
of Hymenopterists. Washington, D.C., U.S.A.

193

EVOLUTION OFAPOSEMATIC WARNING COLORATION
IN PARASITIC WASPS (HYMENOPTERA: BRACONIDAE)

Jason W. Leathers, Andrew V.Z. Brower, Darlene D. Judd, Michael J. Sharkey

Written for: Biological Journal of the Linnean Society
The Linnean Society, Burlington House, Picadilly, London, W1J OBF, UK
Estimated 2006

194

6.1 ABSTRACT

Many Hymenoptera, with their painful stings and noxious chemical defenses,
exhibit bright aposematic warning color patterns and are the most frequently

mimicked group of organisms. Such aposematic color patterns are found in parasitic
wasps of the Neotropical Compsobracon group (Braconidae: Braconinae). Many

members of this group have color patterns similar to several thousand species of
Braconidae, Ichneumonidae, sawflies, assassin bugs, flies, moths, and beetles.
One explanation for this observation is that the members of the complex and their
colors are generated by multiple cospeciation events resulting in the constituent

genera having isomorphic phylogenetic trees. An alternative explanation is that the
organisms have colonized existing color pattern niches independently and do not

have topologically similar phylogenetic histories. In order to test the hypothesis
that these are the result of cospeciation events the patterns will be described and

mapped onto a phylogenetic tree. If clades are found to have isomorphic topologies;
evidence will suggest cospeciation. However, if clades are not found to have similar
topologies, evidence will suggest independent colonization of color pattern niches.
Color patterns for these results were traced onto the single phylogenetic tree that

resulted from previous work. Tree topologies and color patterns were similar for

Cyclaulacidea and Sacirema providing evidence for coevolution. Compsobracon,
on the other hand, appears to be colonizing color pattern niches independently of the
other two genera.
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6.2 INTRODUCTION

The Hymenoptera, which includes wasps, bees, ants, and sawfiies, are the
most frequently mimicked group of organisms in the world (Poulton 1890) and

are therefore ideally suited for studies of mimicry. Many insects in this group are
well known for their bright yellow and black, black and white, or red and black
aposematic warning color patterns that advertise stings, bites, and noxious chemicals.
Members of nearly every order of winged insect benefit from these defensive
attributes by displaying color patterns superficially identical to those of Hymenoptera
(Poulton 1890, Cott 1940, Wickler 1968,
Rettenmeyer 1970).
Yellow and black aposematic color

patterns have evolved multiple times in the
hymenopteran family Braconidae (Figure
6.1). The mimicry is not constrained to color.
Some insects have adopted the behavior
(Poulton 1904, Cott 1940) and even body shape
(Poulton 1891, Myers and Salt 1926, Cott

1940) of Ichneumonoidea (Figure 6.2). Many
members of the subfamily Braconinae have
bright yellow and black warning color patterns
similar to approximately 1,300 other species of
Braconidae, 1,000 species of Ichneumonidae.
at least 200 species of sawflies, several

Figure 6.1. Six wings with
hundred species of assassin bugs, and unknown identical coloration from five
numbers of flies, moths, and beetles, forming a different subfamilies of Braconidae.

jC)

Figure 6.2. Four mimics. Two unidentified Braconinae, Hiranetis nr
braconformis (Burmeister) (Reduviidae: Harpactorinae), and Alabagrus
pachamama Sharkey.
presumably mimetic complex (Leathers and Sharkey 2003). These color patterns are
found throughout the Neotropics and show no geographical patterns. It is possible
that each of these insects is somewhat noxious and members of the color complex all

benefit from sharing yellow and black aposematic coloration. Some members of this
complex such as the assassin bugs can inflict painful bites (Sharkey pers. comm.),
and some braconine members of this complex are known to evert scent glands from
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4

4
Compsobracon

Sacirema

Compsobracon

Saciroma

Figure 6.3. Evolution of color in hypothetical clades of Compsobracon and
Sacirema. A) Coevolution. B) Independent colonization of color pattern niches.
lateral parts of the metasoma that emit foul smelling chemicals (Quicke et. al. 1997).
Such chemicals and color patterns are thought to be a deterrent to feeding by lizards
(Poulton 1890, Sharkey pers. comm.), birds (Brindley 1932, Kluijver 1933), anurans

(Cott 1932), or even spiders (Wharton pers. comm.). Additional studies examining
the palatability of these taxa are in progress.

The independent origin of identical color patterns in multiple lineages of
parasitic wasps rasies several questions that can be addressed in a phylogenetic

context. First of all, are these brightly colored braconids mimetic? Secondly, are the
color patterns the result of cospeciation or independent colonizations of color pattern

niches? A color pattern niche could form if multiple sympatric species adapted to
the same aposematic color pattern. There may be selective pressure for new species
colonizing this niche area to adapt to the color pattern. Third, do color patterns
evolve in a saltatorial or a gradual fashion? And finally, do aposematic color patterns
have radiation potential or are they evolutionary dead ends?

Are these brightly colored braconids mimetic? Zrzav (1994) lists four
criteria that a complex of color patterns should possess to be considered mimetic.
They should be aposematic, have apomorphic coloration, be paraphyletic, and be

sympatric. We know that the braconine members of the complex are aposematic and
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start out with identical color patterns and a common uninterrupted distribution.

are capable of inflicting painful bites or stings and emitting foul odors. These wasps
are sympatric throughout the Neotropics. If we can find evidence that the color
patterns are apomorphic and the braconid members of the complex are paraphyletic
(derived independently in multiple lineages) then these wasps can be considered
mimetic.

One explanation for the aposematic color patterns in braconids is that the
members of the complex and their colors are generated by multiple cospeciation
events, i.e., the constituent genera have isomorphic phylogenetic trees (Fig. 6.3A).
An alternative explanation is that the organisms have colonized existing color
pattern niches independently and do not have topologically similar phylogenetic

histories (Fig. 6.3B). In order to test the hypothesis that these patterns are the
result of cospeciation events, they will be described and traced onto a phylogenetic

tree. If clades are found to have isomorphic topologies, evidence will suggest

j ()()

separated by a common vicariance event such as the emergence of a mountain range
they may follow the same paths of color pattern adaptation independently.

cospeciation. However, if clades are not found to have similar topologies, evidence
will suggest independent colonization of color pattern niches. These hypotheses will
be addressed in this paper by mapping color patterns onto cladograms and inferring

ancestral character states. The history of the origins of these mimetic patterns, as
a result of cospeciation or multiple convergences, is best tested in a phylogenetic
context.

One example of how cospeciation patterns like this might arise is illustrated

in Figuress 6.4-6.7. If three distantly related lineages of wasps may have originally
shared a common distribution and color pattern (Fig. 6.4). If a vicariance event such
as the emergence of a great mountain range separated populations of members of
these three lineages the disjunct populations may adapt to identical color patterns due

to similar selection pressure (Fig. 6.5). If they are separated again by a vicariance

2(1)0

Figure 6.6. Evolution of three lineages of wasps. If members of each lineage
are separated again by a vicariance event such as a change in sea level they may
continue to follow the same paths of color pattern adaptation. On the right one can
see that each lineage has an identical pattern of evolution.
event such as a change in sea level they may continue to adapt to different color

patterns (Fig. 6.6). Each of the three lineages would have the same topology of
color pattern evolution. However, if there were a fourth linage of wasp that were
a stronger flier and better able to disperse it may be capable to dispersing to and

colonizing color pattern niches already established by the other three lineages of
wasps (Fig. 6.7). This fourth lineage would have a different topology of color
pattern evolution.

There is a long history of debate on whether aposematic color patterns
are evolving in a saltatorial or a gradual fashion with many researchers assuming
that saltatorial mutations rapidly change cryptic but unpalatable organisms into

aposematic patterns (e.g., Lindstrom et al. 1999). Lindström et al. suggested that

01

the other three it may colonize color pattern niches already
established by other wasps.
conspicous color patterns might be able to evolve gradually by a series of smaller

changes. If color patterns are evolving in such a gradual fashion in braconids we
would expect to see color patterns changing a bit at a time when traced onto the

phylogeny. For example, a wing may start out all black and then slowly change to a
banded pattern after going through a series of intermediate patterns (Fig. 6.8A). On
the other hand, if color patterns are evolving in a saltatorial fashion we would expect
to see bright aposematic color patterns evolving immediately from black patterns

*,+ 4 4
B
I
Figure 6.8. Scenarios of color pattern evolution. A) Gradual and B) Saltatorial.
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and/or color patterns changing in an unpredictable fashion (Fig. 6.8B).
And finally, do particular color patterns have radiation potential or are

they evolutionary dead ends. We define radiation potential as the capacity to
manifest attributes of additional color patterns in forthcoming lineages. In other
words, ancestral color patterns may give rise to new color patterns in descendant

lineages. For example, the color patterns in Fig. 6.9A have radiation potential
because they keep changing. If this is the case with color patterns they might be
homoplastic phylogenetic characters and not support many nodes. Sister taxa should
have different color patterns. An alternative scenario is that color patterns are
evolutionary dead ends. In other words, taxa are stuck with them once they evolve.
In Fig. 6.9B we see that color patterns do not change once they evolve. In this case
they may be informative phylogenetic characters and we would expect to find sister
taxa with identical color patterns.

'A'

-

::t-3

ii:P

i:P

Figure 6.9. Scenarios of color pattern evolution. A) Color patterns have radiation
potential. B) Color patterns are evolutionary dead ends.
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6.3 METHODS

These patterns will be compared among clades within the Compsobracon
group (Braconidae: Braconinae) and compared with results of a similar study of
the distantly related braconid taxon Alabagrus (Agathidinae) (Leathers & Sharkey
in prep.). We will begin by describing the various major patterns of color and how
each of these are shared by a number of species. For example, several species of the
Compsobracon group that belong to different genera and some species of Alabagrus
(Braconidae: Agathidinae) share a forewing featuring identical banding patterns of

yellow and black. Yet other species within the same groups share identical yellow
wings with black tips. Homoplastic patterns such as these suggest that mimicry

among groups may have arisen by parallel cospeciation within each dade. Differing
color patterns will be traced on to the most parsimonious hypothesis of relationships.
For example, if we have two clades, A and B, whose inferences of color pattern
history are similar (Figure 6.3A) then the hypothesis of coevolution would be

Figure 6.10. Wing pattern 0, entirely
black.

Figure 6.11. Wing pattern 1, yellow
in basal half, black apically with
weak distinction, costa black

Figure 6.12. Wing pattern 2, banded:
yellow, black, yellow, black, costa
black

Figure 6.13. Wing pattern 3, handed:
yellow, black, yellow, black, costa
yellow
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Figure 6.14. Wing pattern 4, banded:
black, yellow, black, yellow, black,
costa black

Figure 6.15. Wing pattern 5,
yellow with black apical tip, sharp
distinction

-----.-.-(
Figure 6.16. Wing pattern 6, clear

Figure 6.17. Wing pattern 7, yellow
in basal half, black apically with
sharp distinction

Figure 6.18. Wing pattern 8, black
with yellow stigma

Figure 6.19. Wing pattern 9, banded:
clear, black, clear, black

Figure 6.20. Wing pattern 10, black
in basal half gradually becoming
clear in apical half

Figure 6.21. Wing pattern B,
black with yellow stigma and clear
hourglass shaped spot behind stigma

I

Figure 6.22. Wing pattern C, black
with one clear stripe

Figure 6.23. Wing pattern D, black
with one yellow stripe

I__
I

I-Figure 6.24. Wing pattern E, yellow
apical band and basal yellow area
along posterior margin
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Figure 6.25. Wing pattern F, clear
basally, gradually becoming black

supported. However, if the phylogenies
are different (Figure 6.3B) then the
hypothesis of coevolution is rejected

Figure 6.26. Wing pattern G, yellow
in basal half, black apically with
weak distinction, costa yellow

and we have evidence suggesting an
independent colonization of color pattern

niches. Even if the two trees are identical,
the species must be sympatric with other organisms in the complex for coevolution
to be a reasonable explanation.
The 125 taxa included in the phylogenetic analysis of the Compsobracon
group (Chapter 5) have been classified into 17 color patterns that are represented

by wings. This is only a rough human approximation, as different animals see
colors differently as well as different colors outside of our visible spectrum and
there is variability in head, mesosoma, metasoma, and especially leg color that is

not always accounted for by these wing patterns. Nevertheless, we believe that
wing color is strongly correlated with the color of other body parts and that this is

a good approximation of the diversity of these color patterns. These color patterns
are illustrated and described in Figures 6.10-6.26. The name of the wing pattern,
e.g., Wing pattern F, corresponds to the name of the character state used in the

phylogenetic analysis of the Compsobracon group. The majority of braconids have
entirely black wings (Fig. 6.8). Most of the widespread taxa and almost all of the
Nearctic taxa have this pattern. The brightly colored wings all have a widespread

AII.1

Neotropical distribution.
We also considered treating wing patterns with a step matrix or multiple

characters for different parts of the wing. If wing patterns were treated this way
more similar wing patterns would be considered fewer steps from each other than

more distinct wing patterns. While considering this idea wing patterns that looked
very similar to each other were set as one step apart. Wing patterns that came out
in sister species in the phylogenetic analysis were also set as one step apart. When
the step matrix was finished it was one step from any given wing pattern to almost

any other wing pattern. Furthermore, evidence from other insect taxa suggest
that changes in a single allele could lead to vast wing pattern rearrangements.
Therefore we chose to treat wing patterns as a single character and avoid additional
assumptions of character transformation.

These wing patterns were traced on to the single tree recovered by Leathers et
al. (Chapter 5) using T.N.T. (reference) and Adobe Illustrator CS2® (Fig. 6.27).

6.4 RESULTS

Within the Compsobracon group color patterns are inferred to start out
entirely black and color patterns are independently derived 21 times (clear wings

were not counted) (Fig. 6.27). There are a few brightly colored wasps embedded
within the paraphyletic genera Compsobraconoides and Cyclaulax; however,

most of the aposematic members of the Compsobracon group are members of

Compsobracon, Cyclaulacidea, and Sacirema. It it these three clades that most
of this discussion will focus on. The outgroup taxa for the analysis were chosen
as exemplars and are not representative of the Braconinae as a whole, therefore
ancestral color patterns at the base of the Compsobracon group cannot be
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Figure 6.28. Evolution of color patterns in Compsobracon.
inferred based on these data. There are no alternative reconstructions that are equally
parsimonious.

6.5 DISCUSSION

Members of the Compsobracon group satisfy all four of Zrzav's criteria
(Zrzav 1994) to be considered potentially mimetic. They are aposematic noxious

creatures. The black wing patterns are the primitive character state and therefore the
conspicuous color patterns are apomorphic. The conspicuous patterns are derived 21
times within the Compsobracon group and independently within many other lineages
of Braconidae (see Fig. 6.1)

Among members of Compsobracon color patterns appear to evolve in a
saltatorial fashion, directly from entirely black to yellow and black banding patterns

(Fig. 6.28). Color patterns in this genus also appear to have radiation potential.
Once putatively aposematic patterns have evolved, they continue changing to
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Figure 6.29. Evolution of color patterns in Cyclaulacidea.
other yellow and black and clear and black banding patterns. The yellow and
black banding pattern is an informative character for the genus. Furthermore, once
conspicuous color patterns arise they are not lost in any species of Compsobracon.
Within Cyclaulacidea color patterns also appear to evolve in a saltatorial
fashion, directly from black to yellow and black banding patterns (Fig. 6.29).
Cyclaulacidea color patterns appear to have radiation potential in this genus too.

Sacima a. sp. Brazil2
Sacirema a. sp. ColonibiaA

Sacitma a, sp, PanamaC
Sac frema a. sp. Panama8

sPSaciremaa,sp.BraziI3
Sacirema a. sp. CostaRica5

[

Sacirerna a. sp. CostaRica2

____________
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Sacirerna n. sp. Ecuadorl
Sacfreina a, sp. nr, Ecuadorl

P Sacirema a, sp Mexicol
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Figure 6.30. Evolution of color patterns in Sacirema.
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Figure 6.31. Possible coevolution between Compsobracon and Cyclaulacidea.
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Figure 6.32. Possible coevolution between Compsobracon and Sacirema.

tp

-

_J

I

-

1______

I
I

Sacirema

, II

CycIauIacide

I

1

Figure 6.33. Possible coevolution between Sacirema and Cyclaulacidea.
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Once they have evolved they continue changing to other conspicuous banded color

patterns. Color patterns are also an informative character for a large dade of this
genus. Aposematic color patterns are also not lost once they have evolved in any
lineage of Cyclaulacidea.
In Sacirema (Fig. 6.30) color patterns are also found to evolve in a saltatorial

fashion directly from black to yellow and black banding patterns. In Sacirema,

however, they don't yet have radiation potential. Once a color pattern arises in
Sacirema it is never lost or modified. Color patterns are informative for one dade
within Sacirema.

When we compare the evolution of color patterns in Compsobracon and

Cyclaulacidea (Fig. 6.31) we see that there isn't really any similarity at all in
between the two clades, except for the observation that color patterns evolve
saltatorially directly from black to yellow and black banded patterns in both clades

and then adapt to a few similar bright color patterns. There is no topological
congruence in where these similar color patterns are located between the two genera.
Furthermore, there is not much similarity in the structure of the tree itself between

the two clades. Thus there does not appear to be any evidence supporting the

evidence of coevolution between Compsobracon and Cyclaulacidea. Furthermore,
the results do not suggest that there is evidence for coevolution between

Compsobracon and Sacirema (Fig. 6.32). There is very little to no topological
congruence in the distribution of color patterns between these two clades.
However, there does appear to be some evidence of cospeciation between

Sacirema and Cyclaulacidea (Fig. 6.33). Both genera have a dade of six banded
yellow and black or clear and black wasps with an isomorphic tree topology that

is identical. Each of those clades of aposematic wasps is sister taxon to a group of
comparatively cryptic wasps with all black wings. This is a dade of four wasps in
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Figure 6.34. Evolution of color patterns among species of Alabagrus (from
Sharkey & Leathers in prep.)
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4
4
Figure 6.35. Simplified evolution of color patterns in Alabagrus (from Leathers &
Sharkey in prep).
Sacirema and two clades of two wasps each in Cyclaulacidea, one with a clear band

in its wings in the furthermost dade. Sister to the group of conspicuously colored
wasps and cryptic colored wasps in each genus is another wasp with yellow on the
wings, banded in Cyclaulacidea and yellow basally, black apically in Sacirema.

Furthermore, Fig. 6.27 shows that both Cyclaulacidea and Sacirema are respective
sister taxa to each of the only two genera in the group that have no aposematic

color patterns at all: Calobracon and Gracilibracon. These similarities between
the phylogenetic trees recovered for Cyclaulacidea and Sacirema suggest that these
color patterns could be the result of cospeciation, although the pattern is not perfect.
The two genera of the Compsobracon group that show possible cospeciation

are medium-sized braconids. Species of Sacirema examined range from 7.0 to 11.1
mm in length, measured from head to tip of abdomen and excluding ovipositor

and 15.8 to 28.6 mm including ovipositor. Species of Cyclaulacidea range from
7.0 to 12.6 mm excluding and 14.0 to 30.0 mm including ovipositor. Species of
Compsobracon, on the other hand, are much larger. They measure from 8.0 to
20.0 mm (most specimens are 15+ mm) excluding and 22.0 to 88.0 mm including

ovipositor, truly enormous braconids. It is possible that these gigantic wasps are
stronger fliers and are better able to find an colonize existing color pattern niches
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than are their smaller counterparts.
Previous results from the genus Alabagrus (Leathers & Sharkey in prep.)
have shown that the evolution of color patterns are strongly correlated with body

sculpturing. Conspicuously colored members of Alabagrus tend to have smooth,

soft bodies. Cryptic members of Alabagrus tend to be heavily sclerotized. This
is very different from the Compsobracon group where all members lack almost all

sclerotization. The pattern of color pattern evolution among species of Alabagrus
is also very different (Fig. 6.34). Color patterns arise much more frequently. Color
patterns also evolve in a gradual rather than saltatorial fashion within Alabagrus
(Fig. 6.35), corresponding with a gradual reduction in body sculpturing. Color
patterns in Alabagrus also have radiation potential.

6.6 CONCLUSIONS

The evolution of color patterns in braconids appears to be the result of
independent colonizations of color pattern niches and takes very different topological

forms in distantly related subfamilies of wasps. However, there does appear to be
some evidence for cospeciation between the closely related genera Cyclaulacidea
and Sacirema. Color patterns appear to evolve in a saltatorial fashion within the
Compsobracon group compared to the gradual fashion observed in Alabagrus.
Color patterns also tend to have radiation potential as they are capable of changing
to many other color patterns in all taxa in which they have been observed except for
Sacirema.

However, these mimicry complexes exist on a vast spatial scale from
Texas south to southern South America and a vast taxonomic scale of almost every

order of winged insect. This study does encompass members of two distantly
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related subfamilies of braconids, Agathidinae and Braconinae, that are separated

by hundreds of millions of years of evolution. Nevertheless, it is possible that the
models that are driving this mimicry complex are not included this study. Studies
similar to this on other groups of insects will enhance our understanding of this
complex.
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7 GENERAL CONCLUSION

The Hymenoptera, the order of insects composed of ants, bees, wasps, and
sawflies, are notorious for their painful stings, unpleasant bites, and even for their

foul odors. Natural selection has yielded a variety of color patterns that advertise
these properties, such as the ubiquitous yellow and black banding pattern. These
warning colors are copied in members of nearly every other order of winged insect.
The Hymenoptera are the most frequently mimicked group of organisms in the

world, and the mimicry is not constrained to color. For example, some hanniess
syrphid flies share long hairs on the hind tibia and a dark cell in the wing like some

bees (Fig. 7.1). Some beetles have very similar yellow and black color patterns to
some wasps and wasp like bodies as well (Fig. 7.2). Some reduviids look exactly
like some braconids (Fig. 7.3).
In the tropics many wasps of the family Braconidae have bright color
patterns such as wings
banded yellow, black,

yellow, black, with a
colorful metasoma with

a black tip. These color
Figure 7.1. Bee (right) and fly mimic.
patterns are not only

K

Figure 7.2. Wasp (left) and beetle mimic.

Figure 7.3. Assassin bug and braconid.
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found in braconids, but also at least 1,000 species of
ichneumonids, several hundred species of sawfiies,
and unknown numbers of Coleoptera, Diptera,

Lepidoptera, Heteroptera, and even roaches. Figure
7.4 shows 6 wings from 5 different subfamilies of

braconids. Isolated from each other by millions
of years of evolution, they have ended up looking
identical.

Unfortunately Neotropical braconine wasps
are one of the poorest known group of animals

in the world. Victorian Era naturalists from the
British Empire and other European powers brought
back braconine specimens from their colonies and

Figure 7.4. Braconid wings.

used these specimens to learn almost everything

we known about these taxa today. They described less than 10% of the species
and arranged them into genera. Most members of the Compsobracon group were

placed in Bracon and Jphiaulax during that era. Some of these naturalists continued
to publish into the 1920's, but after that no one studied these wasps again for 70
years when Donald Quicke rearranged a few of the genera and created the first
identification key to genera of Neotropical braconines.

This thesis focused on the Compsobracon group of Braconinae. This group
is made up of seven Neotropical genera: Compsobracon, Compsobraconoides,

Cyclaulax, Cyclaulacidea, Sacirema, Calobracon, and Gracilibracon, five of which
are shown in Figure 7.5. Many species of the genera Compsobracon, Cyclaulacidea,
and Sacirema have the bright banded color patterns. Members of the Compsobracon
group, like almost all other Braconines, are idiobiont external parasitoids of

22 (:)

I/

11/

/4f

/,;i

Figure 7.5. Pictures of Compsobracon group members.
concealed insect larvae. This means that a female wasp will search out a host insect
and sting it, permanently paralyzing it. She then lays an egg on the outside of the
host, which then hatches into a larva that feeds on the immobile host.

Members of the Compsobracon group may be noxious. Species of the
group have anterolateral tergal glands located in the metasoma. When a wasp is
disturbed, it raises its abdomen, exhibits stinging behavior, and everts these glands.
These glands then release a chemical that rapidly volatilizes, producing a foul-

smelling odor. The function of this chemical is unknown, but it's thought that it
might possibly be a deterrent to feeding by lizards, birds, or possibly spiders. Some
braconines are also known to sting andlor bite.
The objectives of this dissertation were to use a morphology based cladistic
analysis to attempt to define generic boundaries within the Compsobracon group,

use a morphology based cladistic analysis to attempt to corroborate monophyly of
each of the genera in the group, and place undescribed taxa into appropriate genera.
Monophyly means that the group has a single common ancestor and is a natural
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group. One could arrange these wasps any way they wanted. For example, someone
could sort species into groups of orange wasps and black wasps and call those two

groups genera. However, a classification that reflects evolutionary history is much

more useful. For one reason, because it has predictive value. For example, if we
know that species of the genus Cyclaulacidea attack beetles and we discover a
new species of Cyclaulacidea, we know that it will share characteristics with other
members of Cyclaulacidea and probably attacks beetles too. With unnatural groups
like orange wasps and black wasps it is not possible to make good predictions like

that. The second objective of the project is to examine the evolution of aposematic
color patterns within the Compsobracon group.

The Compsobracon group currently contains 33 described species
arranged in 7 genera, but there are at least 100 undescribed species, especially in

Compsobraconoides and Cyclaulax. 4,918 Neotropical braconine specimens from
19 different museums were borrowed for this project. 1,133 of these were found to
be members of the Compsobracon group. This represents over 90% of the known
specimens of the Compsobracon group in the world. Members of the group can
be recognized from all other braconids by their unique facial sculpture. They
have a pair of ridges that run from their
antenna

antennal sockets down to their clypeus

socket

(Fig. 7.6). They also have a glabrous
(hairless) face, a strongly curved wing vein
(RS+M)a, and they do not have the raised
mid-basal triangular area of the second
metasomal tergite that many other genera
of Neotropical braconines have.

The only test of relationships within

.

Figure 7.6. Face of a typical member of the Compsobracon group
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the Compsobracon group was part of a study of the entire subfamily Braconinae
by Beishaw et al. in 2001 using 28S ribosomal DNA and morphology. Their goals
were not to test the monophyly of this group, but to determine the placement of
exemplar taxa within Braconinae. They included 9 exemplars from 4 of 7 genera
in the Compsobracon group among the 85 braconines in their analysis. Figure 7.7
shows the Compsobracon group pruned off of their tree. Their results suggested
that the genus Compsobraconoides is of questionable monophyly and that Cyclaulax

is monophyletic and is sister group to a dade composed of exemplars from

Gracilibracon and Calobracon. The sister group relationship was unresolved,
but some of their results suggested that an Australian dade including the genus
Mollibracon may be sister group to the Compsobracon group.
My analysis included a total of 120 morphological characters. These
included a total of 75 discrete characters and 45 meristic or continuous characters.

Forewing color pattern was included as a single character in the analysis. I included
125 exemplar species including 13 braconine outgroups. The search consisted of
50,000 random addition sequences and I used the program TNT because it allows the
user to include continuous characters without having to break them up into discrete
character states.

My search resulted in a single most parsimonious tree of 746,320.515 steps

(Fig. 7.8). The Compsobracon
group is found to be
monophyletic and is supported
by 20 characters including the
diagnostic ridges on the face

(Fig. 7.6). The Australian genus
Mollibracon, which has similar
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wing venation, is found to be the sister group, suggesting possible Gondwanaland

origins. Compsobraconoides and Cyclaulax are paraphyletic assemblages of species
defined by symplesiomorphies. Both of these taxa are very diverse with 60-100
species each and are only represented by exemplars in this study. Systematists may
eventually be able to arrange these morphologically diverse species into clades.
However, this cannot be done at this time without the sampling of additional taxa

and examination of types. The other five genera, Compsobracon, Cyclaulacidea,

Gracilibracon, Calobracon, and Sacirema are monophyletic groups. Updated
printed and online identification keys to these genera are presented in Chapter 5 and
at http://oregonstate.edul-4eatherj, respectively.

Now that we have this tree (Fig. 7.8) there are three questions raised by bright

color patterns that can be addressed in a phylogenetic context. Are color patterns the
result of cospeciation or are they independent colonizations of color pattern niches?

Are color patterns evolving in a saltatorial fashion or a gradual fashion? Do color
patterns have radiation potential or are they evolutionary dead ends?
If aposematic color patterns are the result of cospeciation, we would expect
to find different clades with identical patterns of evolution and shared color patterns

(Fig. 7.9A). The alternative explanation for these patterns is that species are

/

/

/c&
P'
Compsobracon

Sacirerna

A

B
Compsobracon

Figure 7.9. Possible scenarios of color pattern evolution.

Sacirema
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independently colonizing color pattern niches. If this were the case we would expect
to find different tree topologies with different color patterns (Fig. 7.9B).
If color patterns are evolving in a gradual fashion we would expect to see
color patterns changing a bit at a time in the tree (Fig. 7.1 OA). If they are evolving in

a saltatorial fashion we would expect to see color patterns jumping around in a less

A

I

)

Figure 7.10. More scenarios of color pattern evolution. A) Gradual wing evolution and B) Saltatorial wing pattern evolution.
predictable maimer (Fig. 7.1 OB). If color patterns have radiation potential we would

see color patterns that keep changing once they evolve (Fig. 7.11A). Color patterns
may be autapomorphic or homoplastic in this scenario. If they are evolutionary dead
Ii!
-)

t
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B

4,

I

t)

Figure 7.11. More scenarios of color pattern evolution. A) Wing patterns with
radiation potential. B) Wing patterns as evolutionary dead ends.
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ends we would see clades stuck with unchanging color patterns once they evolve
(Fig. 7.11 B). Color patterns would make informative phylogenetic characters if this
were the case.

Color patterns are found to evolve in a saltatorial fashion and have radiation

potential. Within the Compsobracon group aposematic color patterns are found to

be derived 21 times. Once bright color patterns arise, they are never lost. Within
Compsobracon color patterns start out banded after a saltatorial jump from all

black. Color patterns then change gradually into 4 other color patterns. Within
Cyclaulacidea wing patterns start out all black and evolve in a saltatorial maimer to

bright colors in three different lineages. In Sacirema wings also start out all black
and change into bright color patterns in 4 separate lineages.
There is not much similarity at all in patterns of color evolution

in Compsobracon and either Sacirema or Cyclaulacidea, suggesting that
Compsobracon is colonizing color pattern niches independently of the other two

genera. There is a lot of similarity of color pattern evolution between Sacirema

and Cyclaulacidea though (Fig. 7.12). Members of these taxa may be evolved in a
mullerian mimicry complex that is a product of coevolution, resulting in common,
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Figure 7.12. Possible coevolution between Sacirema and Cyclaulacidea.
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widespread yellow and black banding patterns.

Members of these two genera are

all 9-12mm in length and species of Compsobracon are much larger (typically 20-80

mm). It is possible that members of Compsobracon are stronger flyers and are able
to disperse across geographic barriers and colonize color pattern niches created by

the mimicry complex that includes Cyclaulacidea and Sacirema. However, members
of Compsobracon are all brightly colored and some species have adapted to rare or

unique color patterns not found in many other braconids or none at all. If members
of the genus were colonizing color pattern niches there would have to be other

species with the color patterns they were colonizing. Instead, the rare and unique
color patterns in Compsobracon are exactly what you would expect if species of
Compsobracon were the models and Cyclaulacidea and Sacirema were the mimics.
If species of Compsobracon had aposematic color patterns to advertise noxious
properties this may have created a color pattern niche that has been colonized

by other less noxious or even tasty braconids. This would be a disadvantage for
members of Compsobracon if predators were confusing species with palatable

insects. There would then be a selective advantage for members of Compsobracon
to change their color patterns resulting in the rare and unique patterns found in the
genus that we see today.
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APPENDIX A NOTES ON COMPSOBRACON

Of all the genera in the Compsobracon group, Compsobracon Ashmead has

had more taxonomic work done on it than any other (see section 4.1.2). However,
almost all of the identified specimens of Compsobracon are housed in The Natural

History Museum. This material was not available for loan. Given the high
desirability of putting names on taxa, electrionic illustrations were created for each

species based on specimens or the original species descriptions. These illustrations
are included in this appendix as Figures 8.1-8.13 (The black bar through one figure
was an error that ocurred when the hard drive these files were on was reformatted

and they were subsequently "recovered"). A key to species was then created based
entirely on the original descriptions facilitated by the images. Also included in
the key are some non-type identified specimens of other genera that may belong in

Compsobracon. Some taxa are identifiable with this key, while some are not. Since
it is not entirely based on actual specimens it is of limited value.

Key to Species of Compsobracon (v. 1.0)

1.

Wings banded ...............................................................................................2

Wings black with stigma yellow ..................................................................9
Wings black with stigma yellow or white and single clear band ............... 10

2.(1) Mesonotumblack .........................................................................................3
Mesonotum yellowish orange to red............................................................ 6

3. (2) Ovipositor about equal to body length ..................... C. consobrinus (Brazil)
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Ovipositor twice as long as body ................................................................. 4

4. (3) Hind wing banded ....................................................... C. constellatus (Peru)

Hind wing yellow in basal half, black apically ............................................ 5

5. (4) Hind femur completely black, T3-T8 all black ............. C. urichii (Trinidad)

Hind femur orange basally and apically, T4, T7 orange ................................

Bracon esenbeckii (Guyana)

6. (2) Forewing with 3 black bands ....................................................................... 7

Forewing with 2 black bands ....................................................................... 8

7. (6) Body entirely red, ovipositor 3X body length ...............................................

....................................................... C. rufobalteatus (Paraguay)

Body orange but abdomen black apically, ovipositor 2X body length ..........
........................................................... C. exaltatus (Costa Rica)

8. (6) Hind leg entirely black, fore and mid coxa and trochanter redder than rest

ofleg .............................................................................. C. longipes (Brazil)
Hind tibia, basal part of femur, trochantellus, and apical part of coxa

orange, fore and mid coxa and trochanter concolorous with remainder of
leg .............................................................. C. dolosus (Guatemala to Brazil)

9. (1) Front legs black, ovipositor shorter than or equal to body length .................

.....................................................................C. stigma (uknown)

Front legs more or less orange, ovipositor about twice body length .............
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C. mirabilis (Brazil)

10. (1) Mesonotum and all coxae entirely reddish orange ...................................
............................ Cyanopterus regnatrix (Cuba)

Mesonotum and all coxae entirely black ..................... C. giganteus (Brazil)

Species Descrptions (Translations)

These three species descriptions were translated from the original
descriptions and used in my attempt to identify specimens and create this key.

31. Le Bracon stigma Brullé (1846)

It is black, with the lower part of the abdomen russet-red and the stigma of
the front wings yellow, excludes the end, where it is black as the remainder of the

wings. The portion of the wings which borders the stigma is yellow like him. A
transparent point, preceded by a small semi-transparent line, is noticed on the middle
of the wings, and another smaller point exists at the end of the posterior discal cell

(the second). The dimensions of the second segment of the abdomen are of a dark
châtaine.

The face is punctate, with the middle smooth and a small cavity between

the antennal tubercies. The dorsal lobes of the mesothorax are raised little. The
metathorax is hairy, with the middle smooth. The first segment of the abdomen
offers a large raised lobe, with a covering pad of each dimension. The second
segment is equipped with three carinae, of which both laterals form pad and are
accompanied has the end and in inside of a tuber elongate; a feature oblique and

arched is noticed auprès posterior angles. The third segment is separated from the
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preceding by an arched and sinuous furrow.

Length of the body: 20 mm
of the ovipositor: 15 mm
Hab. Brazil; old collect.of Bosc. C.M. Buenos Aires; collect, of Mr. Serville

2. Le

Bracon esenbeckii

Spinola (1840)

It is black, with most of the abdomen and legs yellow; the wings are yellow,

with black bands. The palpi are yellow, as well as the front legs; the end of the four
anterior tarsi and the terminal spines of the articles of the middle tarsi are black. The
posterior legs are black, if it is not part of the trochanters, the trochantins, the two
extremities of the femur and the base of the tibia, which are of a russet-red tawny;

both of the spurs are dark russet-red. The first four segments of the abdomen are of
a russet-red yellow, as well as most of the 2nd to last segment; the other segments

black, are slightly bordered of russet-red. The forewings have a large brown or black
band which crosses the region of the two discoidal cells and a very large terminal

band. The second pair of wings are brown in the distal half with a transparent stain
near the tip. The ovipositor and its valves are black.
The dorsal lobes of the mesothorax are projecting a bit but the interlobular

furrows are marked little; the metathorax is smooth. The first three segments of
the abdomen have a longitudinal groove on each side in the direction of the lateral
border.

Length of body: 23 mm
Ovipositor: 47 mm

Hab: Guyana; Leprieur
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Figure 8.1. Illustration of

Compsobracon consobrinus (Szepligeti).
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Figure 8.2. Illustration of Compsobracon contellatus (Szépligeti)
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Figure 8.3. Illustration of Compsobracon

dolosus

(Cameron).
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Figure 8.4. Illustration of Bracon esenbeckii Spinola. This species is probably a
member of Compsobracon. Types need to be examined.
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Figure 8.5. Illustration of Compsobracon exaliatus (Cameron).
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Figure 8.6. Illustration of Compsobracon giganteus Costa Lima.
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Figure 8.7. Illustration of Compsobracon longipes (Szepligeti).
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Figure 8.8. Illustration of Compsobracon magnicus (Ashmead).
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Figure 8.9. Illustration of Compsobracon mirabilis (Szépligeti).
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Figure 8.10. Illustration of Cyanopterus regnatrix Cresson. This is a third species
that may be a member of Compsobracon. Types need to be examined.
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Figure 8.11. Illustration of Compsobracon rufobalteata (Viereck).
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Length: 20mm
Ovipositor: 15mm

Compsobracon stigma (BruHe) sensu BrulIe 1846

Figure 8.12. Illustration of Compsbracon stigma (Brullé).
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Figure 8.13. Illustration of Compsobracon urichii (Rohwer).
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Compsobracon giganteus Costa Lima (1951)
Female

Black. Dark blood red: from the ovipositor (except for the lateral

valves) to the lateral parts of the 2nd and 1st abdominal tergites and from the basal
part to the last.

Exoskeleton in general smooth and shiny. The frons, below the antennae
and excluding the medial part, which is also smooth and shiny, is irregularly rugose;

between the antennae and the inferior ocellus, a little bit excavated. The occipital
region is not separated from the vertex or by an occipital carina [from the temporas

for cutting edge]. The antennal scape shorter than double the width of the apex,
somewhat flattened and with the lateral faces about the double of width of the basal
part; 2nd antennal segment a little less than half the first, the third a little longer than
the second, however distinctly longer than the 4th, this and the rest approximately
equal (antenna broken).

Anterior lobe of mesonotum is distinguished from the lateral parts by

parapsidal grooves that are long and somewhat deep. The scutellum and propodeum
are smooth and shiny like the rest of the body, without any depressions or
projections.

The first abdominal tergite is quadrangular, about twice [as long as width
in middle], a little wider at the distal part, with the spiracles a little in front of the

middle. Immediately behind the median sulcus below and a little in front of the
imaginary line that passes through the spiracles is seen a [bump] that is black and
sticks out whose base covers the sulcus separating the 1st and 2nd tergites and is
in contact with the apex of the wide triangular bump, which encloses the major

part of the second tergite. This and the pyriform bump are shiny and smooth, and
are distinguished from the rest of the tergites principally from the 2nd , the median
deep sulcus is not crenulated; the third tergite in the anterior parts a distinct oblique
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sulcus which is lengthened towards a deep intersegmental sulcus, also not crenulated,
separating the 3rd and 4th tergites; this ultimate one like the rest shiny and smooth,
the ultimate urotergite is somewhat striated longitudinally and projecting over the
ovipositor, is a little bit longer than wide.

Wings with a spot of yellow orange color in the stigma, and you can see the
hyaline areas in the figure.
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