ABSTRACT
SWINK, WHITNEY GARLAND. The Dance Flies (DIPTERA: Empidoidea) of
Madagascar. (Under the direction of Brian Wiegmann.)
The Empidoidea are a monophyletic superfamily of flies that includes dance flies
(Empididae), long-legged flies (Dolichopodidae), and several small families (Atelestidae,
Hybotidae, and Brachystomatidae). Empidoids are found worldwide and contain many
thousands of species, but none have ever been described from Madagascar. An ongoing
biodiversity survey by the California Academy of Sciences has brought to light many
hundreds of undescribed empidoids from the island. This research project involves
description, databasing, and DNA barcoding to establish the first estimates of empidoid
species diversity in Madagascar. This study will contribute to critical surveys of species
richness for rapidly degrading habitats in this important biodiversity hotspot.
Representatives from two empidoid families, Empididae and Hybotidae were collected from
Madagascar. There are eight new species of Hybos (Hybotidae: Hybotinae) from
Madagascar: H. gardneri sp. nov., H. flaviarticulus sp. nov., H. verykoukisorum sp. nov., H.
fianarantsoensis sp. nov., H. exastis sp. nov., H. triangulus sp. nov., H. angustifacies sp.
nov., and H. ignotopalpus sp. nov. All species are described and male genitalia are
illustrated. DNA barcoding was performed on the flies from the subfamily Hybotinae in
order to infer species limits, but due to poorly preserved or degraded DNA, only three new
species produced viable COI sequence. To aid identification, eight new COI barcodes were
obtained that will be submitted to the barcode library upon publication of the new species.
All data collected for the Madagascar empidoids have been recorded in a Mandala database
and all images have been uploaded into Morphbank. Additionally, a LucID key is available
on the Internet for species identification.
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INTRODUCTION
Madagascar
Madagascar is an island country well-known for its high concentration of species
diversity and biotic endemism across different taxonomic levels (Myers et al. 2000; Wilmé
et al. 2006). Madagascar is the third-richest hotspot in the world in terms of endemics as a
percent of the global total and is the “hottest hotspot” in terms of the number of endemic
species proportionate to land area and amount of habitat loss (Myers et al. 2000). Less than
10 percent of original primary vegetation remains in Madagascar and only about 20 percent
of the island country is protected from further habitat destruction. Practices such as illegal
logging and razing forests for agriculture, as well as uncontrolled fires, are the primary
causes of significant habitat loss in Madagascar (Ganzhorn et al. 2001). Due to the
continued habitat destruction and lack of protected areas in Madagascar, the need for
conservation planning is urgent.
In order to improve planning and yield good, efficient conservation, researchers are
working to document and analyze the diversity of the Malagasy wildlife (Goodman &
Benstead 2005). As part of this ongoing initiative, the California Academy of Sciences
(CAS), in conjunction with the South African Museum executed a terrestrial arthropod
inventory of Madagascar with the goal to “provide data on patterns of species richness,
turnover, and endemism of arthropods in Madagascar” (Calacademy.org 2009).
Empidoidea
Among the many arthropods present in Madagascar, true flies (Diptera) are among
the most diverse. About 1800 species in about 600 genera have been described from
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Madagascar, and, of these, 14 percent of the genera and 80 percent of the species are
endemic to the island (Vanschuytbroeck 1957; Irwin et al. 2003). Furthermore, Madagascar
is about three times richer in described fly species and nine times richer in described fly
genera than the entire Afrotropical region as a whole. Despite the number of described
species and high levels of endemism, we still know very little about the fly fauna of
Madagascar, and new collecting continues to reveal an enormous, undescribed diversity
(Goodman & Benstead 2005). In fact, there are whole taxonomic groups of Diptera that
have gone unstudied from Madagascar, including dance flies (Diptera: Empidoidea).
Not all of Empidoidea have been excluded from modern taxonomic study—
Dolichopodidae, or long-legged flies, have been documented with 52 species from 19 genera
described from Madagascar; 15 species of which are endemic to the island (Irwin et al.
2003). Due to the efforts of the CAS arthropod inventory, thousands of non-dolichopodid
Empidoidea were collected from Madagascar and provided to our laboratory for analysis
and description.
Empidoidea are a monophyletic superfamily of flies (Diptera) that contain an
estimated 12,000 species worldwide (Sinclair & Cumming 2006; Thompson 2009). The
number of families within Empidoidea, however, is somewhat controversial. Chvála (1983)
expanded Empidoidea from the traditional two family classification (Empididae and
Dolichopodidae) into five families—Empididae, Hybotidae, Atelestidae, Microphoridae, and
Dolichopodidae. Sinclair & Cumming (2006) kept a five family classification, but collapsed
the Microphoridae into the Dolichopodidae and added the family Brachystomatidae based
on a morphological cladistic analysis of the Empidoidea. Yang et al. (2006; 2007) returned
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to the traditional two-family classification scheme of Empididae and Dolichopodidae.
However, this classification was based on three proposed synapomorphies for the
monophyly of the Empididae that are ambiguously assigned to the common ancestor of all
empidids and could refer to many fly lineages (Yang et al. 2007; Sinclair et al. 2008). Yang
et al. (2007) also assigned Hybotinae as sister group to Microphorinae based on shared
modification of an asymmetrical, rotated male genitalia; however this asymmetry and
rotation could have evolved independently in both lineages (Sinclair & Cumming 2006). To
reflect one current view supported in the literature, the classification proposed by Sinclair &
Cumming (2006) is followed in the current study.
Empidoidea are a morphologically diverse group that contain species ranging in size
from large (12 mm wing length) to tiny (0.8 mm wing length), exhibit a wide range of colors
(metallic blue and green, yellow, brown, black), and display a variety of secondary sexual
characters (Chvála 1983; Sinclair & Cumming 2006). The male genitalia are the primary
structures that contribute to the recognition of the vast species diversity in this fly
superfamily. Differences in the male genitalia are due to changes in symmetry, rotation,
size, shape, and function (Cumming et al. 1995), and can be elaborately modified in
individual species. The Empidoidea typically have moderately large, round heads with very
large compound eyes (Chvála 1983). Their antennae are always 3-segmented, but
morphologically are quite diverse. Some species have a long proboscis projecting either
forward (as in Hybos) or downward (as in Empis). The maxillary palpi are always 1segmented, but can be simple or, rarely, highly modified (see Hybos ignotopalpus sp. nov.).
The mesothorax makes up the majority of the thorax in the Empidoidea; the pro- and
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metathorax are highly reduced. The wings are well-developed, except in a few species
where they have been reduced due to specialized modes of predation. Legs are generally
long and thin, but in some species can be more robust and variously modified for grasping
prey or mates. Some genera are characterized by having raptorial fore-, mid-, or hindlegs
(i.e. Chelifera, Platypalpus, or Hybos, respectively). Many of the morphological
modifications seen in empidoids are correlated with their predatory behavior (Chvála 1983).
The life history of adults within the Empidoidea is well known, especially with
regard to the Empididae, whereas larval stages are still relatively unknown (Chvála 1983;
Sinclair & Cumming 2006). Most known species are predators both as larvae and adults and
exhibit morphological modifications which enhance their predatory habits (i.e. raptorial
fore- and hindlegs, forward-pointing proboscis). In addition to predatory behavior, some
species are flower visiting species that feed on either nectar or pollen (Chvála 1983). Many
biologists study Empidoidea (specifically Empididae) because of the diversity of their
mating systems (Cumming 1994), which can include highly structured swarms, mating
displays, nuptial gifts, and secondary sexual characters (Chvála 1983; Sinclair & Cumming
2006). The typical swarm is an organized aerial aggregation of males and is achieved
through the highly modified holoptic male eyes. In some species, males produce nuptial
gifts which are presented to the female prior to copulation. These gifts range from intact
prey to partially eaten prey to empty silk balloons (Chvála 1983; Sadowski et al. 1999). In
some species of Empididae, mate choice has switched to males, with females forming
swarms (Cumming 1994). Not all species that produce aerial swarms do so for the purpose
of mating. Researchers have proposed various reasons for non-mating aerial swarms

4

including protection from predators, activation of male gonads prior to mating, or “relict
swarms” where the mating activity has been transferred to the ground but the swarming
behavior remains (Chvála 1976; Chvála 1983).
Hybotinae
Due to the high concentrations of biotic endemism in Madagascar, and the country’s
isolation from Africa for more than 150 million years and India for about 90 million years,
there is a high likelihood that the vast majority of Empidoidea currently being collected
from the island are new species that have yet to be described in the taxonomic literature
(Myers et al. 2000; Wilme et al. 2006).
In the last decade, over 10,000 preserved empidoid flies were provided to the
Wiegmann Lab at North Carolina State University for diagnosis and description. Only two
families of Empidoidea were found to be present in the sample from Madagascar—
Empididae and Hybotidae. Two Empididae subfamilies, Empidinae and Hemerodromiinae,
and two subfamilies of Hybotidae, Hybotinae and Tachydromiinae, were identified and
sorted. Empis was the only Empidinae genus present in these samples, with an estimated 85
new species. Hemerodomiinae had two genera present, Chelifera and Hemerodromia.
Within Hybotinae, there were four genera—Hybos, Syneches, Syndyas, and Chillcottomyia.
Tachydromiinae had five genera—Crossopalpus, Platypalpus, Drapetis, Elaphropeza, and
Tachyempis. Once all of the genera were determined, the flies were sorted to
morphospecies.
As in all Hybotidae, flies from the genus Hybos have a small sclerotized palpifer
attached to the base of the maxillary palpus, a fore tibial sensory gland, a gonocoxal
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apodeme confined to the anterior margin of the hypandrium and lacking a narrow process,
antennae with a long arista, a bare laterotergite, and an unbranched R4+5 vein (Wiegmann et
al. 1993; Cumming et al. 1995; Sinclair & Cumming 2006). The male genitalia are rotated
between 45 to 90 degrees to the right and are asymmetrical. In addition to the above
synapomorphies that confirm the monophyly of the Hybotidae (Wiegmann et al. 1993;
Cumming et al. 1995; Sinclair & Cumming 2006), both males and females of Hybos have
holoptic eyes, forward-projecting mouthparts, a heavily sclerotized proboscis, and raptorial
hind legs (Chvála 1983). The latter features are indicative of the behavior of the Hybotinae
and Hybos, which form hunting swarms and often grab their prey from above (Chvála
1976).
Modern Taxonomy
The practice of taxonomy has seen a broad paradigm shift over the past 20 years,
with a rapid acceleration in new methods propelled by advances in information technology
and sequencing. In the mid-18th century, plant and animal species would receive long,
descriptive names generally based on morphological characteristics. In his Systema
Naturae, Carl Linnaeus (1758) standardized species classification by introducing a twoname system (binominal nomenclature) that is still recognized as the accepted way of
naming new species (ICZN 1999). Most species were described based on morphology
alone, but as descriptive methods of scientific research improved, so did taxonomy. Today
ecology, behavior, and genetics are used in conjunction with morphology to delineate and
describe new species, provide identification tools, and to place species within the context of
a complex network that includes both their evolutionary context and biological interactions.
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The biggest shift in how researchers practice taxonomy came with the advent of the
Internet and bioinformatics. Electronic catalogs of natural history collections were initiated
starting about 40 years ago to allow specimen information to be stored and retrieved more
easily, thus vastly improving curation procedures (Graham et al. 2004). Many museums
housing large natural history collections have made their databases available via the Internet,
and through new initiatives, data from institutions worldwide can be accessed from one site
(e.g. Global Biodiversity Information Facility). The ability to access multiple databases
from one site allows researchers to more easily collate data and perform critical analyses.
Catalogs of electronically accessible specimen data are especially useful for meta-analyses
across regional biotas and to assess ecological and evolutionary changes to make rigorous,
data-defended recommendations for conservation planning (Graham et al. 2004; Godfray et
al. 2007). In addition to the greater ease with which museum databases can be accessed,
researchers are developing improved databases with increased interoperability and multiple
functions in support of changing research needs (Kampmeier & Irwin 2009).
In the past, information pertaining to a specimen in a collection typically consisted of
a determination, name of the collector(s), a collecting event, and perhaps some field notes.
With recent advances in database development, specimen records can now be linked to a
wide array of associated biological and geographic information. Mandala, a database
developed by Gail Kampmeier at the Illinois Natural History Survey, is a taxonomic
information system that provides the ability to store and access a wide range of specimen
data (Kampmeier & Irwin 2009). With Mandala, a user can manage specimen records from
bulk samples, track ecological and biological information, catalog all images and
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illustrations associated with a specimen, map distribution of collection localities, manage
nomenclatural associations, access the literature pertaining to a specimen, and link to outside
resources like GenBank and museum webpages. Original records containing basic
information such as where type specimens are housed, when and where the specimen was
collected, how the specimen was collected, and any additional taxonomic information
pertaining to the specimen are also stored.
While Mandala is a database for managing biological specimen data, Morphbank is a
database developed to store and disseminate specimen images (Morphbank.net 2009).
Morphbank is an image repository that allows scientists to upload all images pertaining to a
specimen or collection of specimens. The database currently contains more than 63,000
public images from over 4,500 different species and there are many more private images that
can be made public when the contributing scientist is prepared to release the images (usually
following a publication). The database is designed to improve research and education across
different fields such as comparative anatomy and morphological phylogenetics.
In addition to innovations in how species data are stored and accessed, scientists are
coming up with better ways to identify specimens. One such innovation is the LucID key,
developed at the Centre for Biological Information Technology at the University of
Queensland in Australia (Lucidcenral.com 2009). As opposed to dichotomous keys which
require a user to move through a series of couplets looking for characters that may be
ambiguous or missing on a specimen, a LucID key is interactive, allowing a user to choose
characters in any order to identify an unknown specimen (Snow & Sharp 1999). The keys
are published either on a CD or on the Internet allowing them to be easily disseminated to a
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wide range of people. Images, illustrations, videos, and audio files can be added along with
the standard character descriptions to allow the user to more easily identify a specimen.
Most importantly, these databases and keys allow scientists to include all of the information
available on a specimen or species rather than having to choose only the best or most
pertinent information when there are space-limits (as in a publication).
Traditionally the only way to delineate species has been through extensive
morphological description and comparison with known specimens and literature. However,
species identification through morphology has several limitations. For instance, many
morphological keys only cover one life stage or sex of a species, species with high rates of
phenotypic plasticity and genetic variability may be identified incorrectly, and cryptic
species may be overlooked (Hebert et al. 2003). In order to balance out the limitations of
morphology-based taxonomy, DNA barcoding has been proposed as a powerful new method
for species identification and delineation.
DNA barcoding is a method of species-level identification which uses a unique
macromolecular sequence to tag a species in a global database. For animals the most
commonly used marker is a 650-base pair fragment of the 5’ end of the mitochondrial gene
cytochrome c oxidase I (COI), a gene sequence unique to over 95 percent of animal species
(Hebert et al. 2003; Hajibabaei et al. 2007). The theory behind barcoding is that COI can be
used to delineate species because the genetic variation between species is greater than the
variation within species (Hajibabaei et al. 2007). The mitochondrial genome is better suited
for studying evolution of closely related species than the nuclear genome because it is
maternally inherited, lacks recombination and introns, and is relatively easy to extract and
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sequence (Saccone et al. 1999). COI is a good choice of target gene for DNA barcoding due
to the availability of highly conserved (nearly universal) priming regions and its
variability—COI exhibits a greater range of signal than any other mitochondrial gene
compared across diverse animal lineages (Hebert et al. 2003). Typically, a DNA barcoding
dataset is composed of sequences from five to ten individuals per species and analysis of
these datasets is performed using distance-based, neighbor-joining methods (DeSalle et al.
2005; Hajibabaei et al. 2006; Hajibabaei et al. 2007). However, the signal in a DNA
barcode is quite often not strong enough to resolve evolutionary relationships, so these trees
may not be good estimates of species phylogeny, but can still be used to help identify taxa
for further multigene or morphological phylogenetic study (Hajibabaei et al. 2006).
Critics of DNA barcoding argue that it competes with traditional taxonomy for
funding and that biological knowledge is not gained, only highly limited primary
information (Will & Rubinoff 2004; Ebach & Holdrege 2005; Will et al. 2005). However, if
DNA barcoding is intended not as a substitute for taxonomy, but as a supplement and
catalyst for integrating species information, then this methodology can be as transforming
for systematic biology as it has been for genetics, physiology, behavior and other fields of
organismal research.
The Consortium for the Barcode of Life (CBOL) was created to support the progress
of DNA barcoding (Schindel & Miller 2005; Ratnasingham & Hebert 2007; CBOL).
Universities, museums, herbaria, and other research organizations make up CBOL, and part
of the initiative included the development of a barcode library. When a barcode is obtained
for a specimen, it is compared to the barcode library to see if there is a match. If a match is
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found, then the specimen can be identified to species; if not, then a new barcode can be
added to the library once the specimen is identified to species through other means (i.e.
morphology). The primary goal of CBOL is to obtain barcodes for all eukaryotic life.
Taxonomists use DNA barcoding as a tool to quickly sort large numbers of
specimens into “species units” based on sequences (Schindel & Miller 2005; Smith et al.
2005). Some of these species will be identified based on sequences already in the barcoding
library and some will be new species. Only a barcode from an identified species can be
added to the barcode library; new species have to be described and published before they
can be submitted. Barcoding is also beneficial to taxonomists in cases where a specimen is
missing a key feature and therefore cannot be identified through morphology. Additionally,
barcoding is useful for revealing cryptic species. For example, a recent survey performed in
Costa Rica showed that one known species of butterfly, Astrapes fulgerator, was actually a
complex of at least 10 different species (Hebert et al. 2004). The primary aim of DNA
barcoding is to supplement other taxonomic datasets (e.g. morphology, geographic
distribution, behavior) in order to better determine species limits.
With so little known about Empidoidea of Madagascar and the wealth of newly
collected specimens, the goal of this study is to begin the task of describing and
disseminating information on the diversity of these flies in this important and threatened
ecological hotspot. There are 159 described species of Hybos distributed worldwide
(Thompson 2009), and here I describe eight new species of Hybos (Diptera: Empidoidea:
Hybotidae: Hybotinae) that are the first to be found from Madagascar. All specimen
information was recorded in a Mandala database and all specimen images were uploaded
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into Morphbank and will be made public once the species descriptions are published. A
traditional dichotomous key is included in this manuscript and an interactive LucID key will
be published on the Internet. Similar studies are needed for the large numbers of empidoid
flies still being sorted and processed from the ongoing Arthropod Inventory, including many
undescribed species of Empididae (Empidinae, Hemerodromiinae), and Hybotidae
(Tachydromiinae, Ocydromiinae). These new techniques in taxonomic description will be
especially useful as additional material from this unique fauna come to light.

MATERIALS AND METHODS
Genus-Level Determination. The flies from the Madagascar arthropod inventory
arrived in vials containing 70% ethanol; these were organized into manageable categories—
singletons, intermediates, and heavy loads. Singleton vials were those that contained only
one fly or multiples of the same fly. Intermediate vials contained a moderate number of flies
with some diversity while the heavy load vials contained a large number of flies with great
diversity. The first set of flies sorted were those in the singleton vials. This was done to
establish an idea of which empidoid subfamilies are present in Madagascar. Following
subfamily determination, the heavy load vials were sorted to determine genus-level diversity
in Madagascar. Upon completion of the heavy load sort, the singleton vials were further
sorted to genus-level followed by sorting of the intermediate vials to genus-level.
As part of the initial sort, each fly or congeneric set of flies was given a unique
identification number, beginning with MEP00001 (MEP for Madagascar Empidoidea
Project). Each fly (or set of flies, if congeners) was sorted into a 2.0ml self-standing screw
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cap tube filled with 95% ethanol and containing a label with the subfamily and genus
determination and the unique MEP ID matching it to the locality information. The tubes
were stored in 9x9 slot cardboard boxes based on subfamily and genera.
Morphospecies Determination. Once all of the flies were sorted to genus-level,
one group, the flies in the genus Hybos, was chosen for closer examination. These flies
were sorted to morphospecies based on features such as shape of the male genitalia and
presence or absence of spines on the legs. To facilitate observation, images of male
genitalia (one specimen per each locality) were captured in order to more rapidly sort the
flies to morphospecies. Photographs were taken through the microscope using a Nikon
Coolpix 4500 digital camera. Female Hybotidae are difficult to associate with males, thus
female specimens could not easily be determined to morphospecies, except for a few cases
(see below).
Curation. Once the flies were determined to species-level, the males of each
morphospecies were critical-point dried using a SPI-DRY Critical Point Dryer (#13200-AB
Manual CPD). This method gradually removes moisture from the insects while maintaining
fine structures and features. Once critical point dried, the flies were then glued to paper
points on size 3 insect pins using standard Elmer’s Glue-All®. Each pinned specimen was
labeled with date/locality information and an ID#, provided in three separate labels.
The genitalia were removed from representative flies of each morphospecies for
imaging and descriptions. The genitalia were soaked for one to two weeks in 20%
potassium hydroxide (KOH) and then boiled in KOH for a further 20-30 minutes until
completely macerated. The genitalia were then soaked for about ten minutes in 20% acetic
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acid in order to neutralize any remaining KOH in the specimens. Following image capture
and illustration, genitalia were immersed in glycerin, placed in microvials and stored on the
pin with the insect from which they were removed.
Species Descriptions. For each species, the genitalia was removed from at least 1-2
males (more in cases where there was an abundance of specimens per species), macerated,
and then imaged using an Olympus CX41 microscope and CombineZM software. Two to
three images were captured per specimen—one for the epandrium, one for the hypandrium,
and one for the aedeagus in order to better observe variations in the genitalia. The right
wing was removed from select flies of each species, slide mounted and imaged using the
same system used to capture the genitalia images. In addition to genitalia and wing imaging,
images were captured of the hind tarsi, forelegs, and heads of some species using Archimed
Pro®. All of the images were used as templates for illustrations. Illustrations were prepared
using a light box by tracing the image in pencil on standard tracing paper, then inking them
on 100 percent vellum prior to scanning. Terminology used for adult structures follows
McAlpine (1981), except for male genitalia where the terminology of Sinclair & Cumming
(2006) are used. Locality distribution maps were generated using Google Earth 5.
DNA Extraction. As a result of time and resources, barcoding was performed only
on the hybotine genera (Hybos, Syndyas, and Syneches). DNA was extracted from 91
hybotine specimens (using either the whole body or only the abdomen) in order to obtain
templates for barcoding. Total genomic DNA extracts were prepared using a DNEasy®
Blood and Tissue Kit (250), following the manufacturer’s protocols. Each original tube with
a fly was filled with 95% ethanol (EtOH) then stored in a refrigerator.
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DNA Amplification. DNA from the templates was amplified using the polymerase
chain reaction (PCR) following standard protocol (Kocher et al. 1989; Simon et al. 1994;
Hebert et al. 2003). The amount of template was raised or lowered (between 0.3µl to 1.5µl)
to optimize reactions or troubleshoot difficult templates. Amplification conditions were as
follows: one cycle of 5 minutes at 95°C; thirty-three cycles of 20 seconds at 93°C, 40
seconds at 50°C, 2 minutes at 72°C; and a final cycle of 5 minutes at 72°C; hold at 4°C until
removed. Amplified templates were stored at –20°C for further analysis.
Gel Electrophoresis and Purification. Amplified templates were run on a 1% low
melt agarose gel using a QIAquick® Gel Extraction Kit (250). In order to quantify results
(bright, average, or weak bands), the purified DNA was then run on regular agarose gel and
observed under UV light.
Sequencing Reactions. Prior to sending DNA samples off to be sequenced at the
North Carolina State University Genomic Sequencing Lab (GSL), a sequencing mixture was
made using the BigDye® Terminator v3.1 Cycle Sequencing Kit. The mix consisted of 2.45.1µl dH2O, 2µl BigDye, 2µl 5X buffer, 0.6µl forward primer or reverse primer, and 0.31.5µl purified template. Amounts of template and dH20 varied depending on quality of
bands seen in the DNA purification gel (Table 1).
Table 1. DNA Sequencing Mixture.
dH2O
BigDye
5X Buffer
Primer
Template

(2.4-4.9µl)
2µl
2µl
0.6µl
(0.3-1.5µl)
=10µl

Bright Band
5.1µl
2µl
2µl
0.6µl
0.3µl
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Average Band
4.9µl
2µl
2µl
0.6µl
0.5µl

Weak Band
4.4µl
2µl
2µl
0.6µl
1.0µl

Editing and Alignment. Once the sequences were returned to the lab from the
GSL, they were manually edited using the software, Sequencher 4.8®. Most sequences are
returned with ambiguities that need to be edited out. In some cases there are too many
ambiguities and the chromatogram is not clear enough to make a base determination. These
sequences were given the designation “poor” and were not edited. Sequences with few
ambiguities were edited and then put into an alignment using the software Se-Al v2.0a11®.
The aligned sequences will be submitted to the Consortium for the Barcode of Life.
Sequences were analyzed using Paup*4.0. Sequence divergence was calculated using
uncorrected pairwise distance values and a neighbor-joining (NJ) tree was generated to
graphically display the interspecies divergences.

RESULTS
Species Descriptions

Hybos gardneri sp. nov.
(Figs. 1-4; 31a)
Diagnosis: H. gardneri sp. nov. differs from all other species described by the shape of the
epandrium and the presence of two irregular rows of spines along the length of the first
tarsomere on the hind leg.
Description. Male: body length 3.96 mm; wing length 3.48 mm.
Head. Frons and face shiny brown with golden pubescence. Frons twice the width
of anterior ocellus. Face hourglass shaped, wider proximal to the antennae, approximately
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the same length as the scape, pedicel, and first flagellomere combined. Proboscis brown,
about 0.5 millimeters in length. Palpus dark brown with golden pubescence and one
subapical seta. Ocellar tubercle with vitreous pale-yellow ocelli and two proclinate ocellar
setae. Antenna with scape, pedicel, and flagellum brown with golden pubescence. Pedicel
with medially verticillate setae. First flagellomere equal in length to that of scape and
pedicel combined, and with long slender apical arista. Postcranium brown with golden
pubescence and scattered setae. Postocular setae proclinate, arranged in complete single
series.
Thorax. Dark brown notum with golden pubescence concentrated on the posterior half of
the notum. All thoracic hairs and bristles dark brown to black, longer towards posterior end
of notum. Dorsocentral setae biserial in irregular rows with two long prescutellar setae;
acrostichal setae biserial in irregular rows with two long prescutellar setae; one anterior
postpronotal seta and 2-3 basal postpronotal setae; one distinctly long notopleural setae,
about two-thirds length of arista; supra-alar setae and intra-alar setae present in irregular
rows; two discal scutellar setae; scutellar setae uniserial along margin of scutellum.
Legs. Shiny brown with distinct setae of varying sizes. Mid tibia with a row of
posterodorsal bristles and one long apical bristle; first tarsomere on midleg with two long
ventral bristles arising from end of tarsus proximal to tibia; hind femur with two rows of
posteroventral bristles; hind tarsus with 1-2 irregular rows of spines on first tarsomere and
two spines on second tarsomere.
Wings. Hyaline with light brown to whitish pterostigma; entirely microtrichose.
Pterostigma fills area between costa and R2+3 vein at posterior end of wing beginning where
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R1 meets costa. Microtrichia complete along entire wing margin; setae proclinate along
costa then perpendicular to wing along remainder of margin. Haltere light brown with
bulbous knob.
Abdomen. Shiny brown with fine setae; setae longer proximal to thorax descending in size
to genitalia. Sternites covered in long white setae. Genitalia rotated 90° to the right as in all
Hybotinae; brown with brown pubescence. Surstylus of the ventral epandrial lobe curves
tightly over posterior end of hypandrium; dorsal epandrial lobe with a row of posterior
proclinate setae in a comb-like formation; ventral epandrial lobe with long irregularly
spaced setae on posterior end; pubescence covering top half of hypandrium.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa, Tulear, Antananarivo)
Type material: Holotype male: MADAGASCAR: Province Antananarivo, 46 km
NE of Ankazobe: Ambohitantely 18°11'88"S, 47°16'89"E, 24-31 October 2003, California
Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap – in sclerophyl forest, elev
700m, MA-27-03 / CASLOT 024915 / MEP00584A-4
Paratypes: MADAGASCAR, Fianarantsoa Province: Parc National Ranomafana,
Belle Vue at Talatakely, elev 1020m 10-21 March 2003 21°15'99"S, 47°25'21"E, collector:
R. Harin’Hala, California Academy of Sciences, malaise, secondary tropical forest MA-0209C-56 / MEP157D (1 male); MADAGASCAR, Fianarantsoa Province: Manombo Special
Reserve camp site 32km SSE of Farafangana, 20 Jan-2 Feb 2005, 23°01'13"S, 47°43'20"E,
California Acad of Sciences, coll: M. Irwin, R’ Harin’Hala, malaise trap, lowland rainforest,
elev 36m, MA-28-11 / MEP 613A-(1-7) (7 males); MADAGASCAR, Tulear Province:

18

Zombitse National Park, near ANGAP office, 22°53'19"S, 44°41'53"E, 13-20 March 2002
California Academy of Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest,
elev 840m, MA-02-13A-20 / MEP408B-1 (1 male); MADAGASCAR, Antananarivo
Province, 46km NE of Ankazobe, Ambohitantely 18°11'88"S, 47°16'89"E, California Acad
of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap – in sclerophyl forest, elev 700m:
11-17 October 2003, MA-27-01 / MEP583B-(1-12) (12 males); 24-31 October 2003, MA27-03 / MEP 584A-(1-23) (23 males); 31 Oct-7 Nov 2003, MA-27-04 / MEP 585A-(1-2) (2
males); 7-15 November 2003, MA-27-05 / MEP 586A-(1-11) (11 males); 22-29 November
2003, MA-27-07 / MEP 588A-(1-12) (12 males); 29 Nov-6 Dec 2003, MA-27-08 / MEP
589A-(1-30) (30 males); 6-13 December 2003, MA-27-09 / MEP 590A-(1-8) (8 males); 2028 December 2003, MA-27-11 / MEP 591A-(1-13) (13 males); 20 Feb-5 March 2004, MA27-16 / MEP 596A-(1-2) (2 males); 15 Oct-1 Nov 2004, MA-27-19 / MEP 599A-(1-2) (2
males); 1-14 Nov 2004, MA-27-20 / MEP 600A-(1-11) (11 males); 14-29 November 2004,
MA-27-21 / MEP 601A-(1-17) (17 males); 29 Nov-7 Dec 2004, MA-27-22 / MEP 602A-(127) (27 males); 7-22 December 2004, MA-27-23 / MEP 603A-(1-12) (12 males); 22 Dec
2004-6 Jan 2005, MA-27-24 / MEP 604B-(1-2) (2 males); 27 Jan-6 Feb 2005, MA-27-26 /
MEP 606A (1 male); 6-18 February 2005, MA-27-27 / MEP 607B-(1-2) (2 males); 18-27
February 2005, MA-27-28 / MEP 608A-(1-2) (2 males).
Holotype condition: Abdomen slightly broken and missing setae along tergites; left
midleg missing; right antenna missing flagellum.
Etymology: Named for Gardner Hall, the building in which I conducted my research
and for my best friend and fiancé, Micah Gardner.
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a)

b)

Figure 1. H. gardneri sp. nov. epandrium, two views: a) view from lateral left (Morphbank
496700), b) view from lateral right (Morphbank 496702); scale = 0.01mm.

Figure 2. H. gardneri sp. nov. hypandrium (scale = 0.01mm; Morphbank 496703).

20

Figure 3. H. gardneri sp. nov. aedeagus (scale = 0.01mm; Morphbank 496705).
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Figure 4. H. gardneri sp. nov. locality distribution map.
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Hybos flaviarticulus sp. nov.
(Figs. 5-7; 31b)
Diagnosis: H. flaviarticulus sp. nov. is similar in morphology to H. ignotopalpus sp. nov.
with the reduction of the hypandrium to a small plate fused to the ventral epandrial lobe. It
differs from the latter in lacking the distinctive, highly modified maxillary palpus present in
H. ignotopalpus.
Description. Male: body length 2.64 mm; wing length 2.72 mm.
Head. Frons and face brown with gray pruinescence. Frons twice the width of
anterior ocellus. Face shaped like an inverted triangle, wide at base of antennae and narrows
down to a point where palpi insert on face, approximately the same length as the scape,
pedicel, and first flagellomere combined. Proboscis shiny brown, about 0.45 millimeters in
length. Palpus brown with light brown pubescence and one almost apical seta. Ocellar
tubercle with vitreous pale-yellow ocelli and two proclinate ocellar setae. Antenna with
scape, pedicel, and flagellum brown with light brown pubescence. Pedicel with verticillate
setae around base. First flagellomere with two proclinate setae, one dorsal and one ventral;
about length of scape and pedicel with long apical arista. Postcranium brown with thick
gray pubescence and scattered setae. Postocular setae proclinate, arranged in complete
single series around dorsal region of head.
Thorax. Shiny black notum with thick gray pubescence concentrated mostly on the
posterior end of the notum. All thoracic hairs and bristles dark brown to black, longer
towards posterior end of notum. Two long prescutellar dorsocentral setae; two long
prescutellar acrostichal setae; one anterior postpronotal seta and two basal postpronotal
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setae; one distinctly long notopleural setae, about two-thirds length of arista; supra-alar setae
and intra-alar setae present in irregular rows at posterior end of thorax anterior to pubescent
region; two discal scutellar setae; subapical scutellar setae in pairs to the left and right of
discal scutellar setae.
Legs. Forelegs and midlegs shiny brown, hindlegs black with yellow articulations between
the trochanter, femur, and tibia; all with distinct setae of varying sizes. Mid tibia with 1-2
preapical bristles and one long medially dorsal bristle; hind femur with two rows of
posteroventral bristles, one with short, closely spaced bristles and the other with longer,
more widely spaced bristles.
Wings. Hyaline with light brown to whitish pterostigma; entirely microtrichose.
Pterostigma ovate along costa but does not reach R2+3 vein below; begins where R1 meets
costa and ends before R2+3 vein meets costa. Microtrichia complete along entire wing
margin; setae proclinate along costa then perpendicular to wing along remainder of margin.
Haltere whitish with bulbous knob.
Abdomen. Shiny black with fine setae all over; length of setae uniform along tergites and
grouped in bunches of 2-4 on each sternite. Genitalia rotated 90° to the right as in all
Hybotinae; dark brown to black with dark brown pubescence. Hypandrium reduced to a
small plate fused to the ventral epandrial lobe; wider at base then draws to a point on the
posterior end. Dorsal epandrial lobe wide at base; dorsal surstylus is narrowed into finger
and thumb-like form that meets surstylus of ventral epandrial lobe.
Female: Unknown.
Distribution: Madagascar (Province Fianarantsoa)
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Type material: Holotype male: MADAGASCAR: Province Fianarantsoa, Parc
National Ranomafana, Belle Vue at Talatakely, elev 1020m, 28 May-6 June 2003,
21°15'99"S, 47°25'21"E, collector: R. Harin’Hala, California Acad of Sciences, malaise,
secondary tropical forest, MA-02-09C-62 / CASLOT 017660 / MEP00156E-2
Paratypes: MADAGASCAR, Fianarantsoa Province: 12km W Ranomafana Natl Pk
entrance, radio tower , malaise in montane tropical forest, 7.VI/18.VI.03, R H’Hala, ME
Irwin, 1215m 21°15’05"S, 47°24’43"E, MG 9B_63 / MEP137F (1 male); Parc National
Ranomafana, radio tower at forest edge, elev 1130m 3-15 April 2003 21°15'05"S,
47°24'43"E, collector: R. Harin’Hala, California Academy of Sciences, malaise, mixed
tropical forest MA-02-09B-57 / MEP147A (1 male); Parc National Ranomafana, Belle Vue
at Talatakely, elev 1020m 28 May-6 June 2003 21°15'99"S, 47°25'21"E, collector: R.
Harin’Hala, California Academy of Sciences, malaise, secondary tropical forest MA-0209C-62 / MEP 156E-(1-2) (2 males); Parc National Ranomafana, radio tower at forest edge,
elev 1130m 6-17 July 2003 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California
Academy of Sciences, malaise, mixed tropical forest MA-02-09B-66 / MEP 160C (1 male);
Belle Vue, 1.2km S Ranomafana Nat’l Park entrance, malaise in rainforest,
26.II/10.III.2003, 1095m, R. Harin’Hala, ME Irwin, 21°15'99"S, 47°25'21"E MG 9C_55 /
MEP 164A (1 male); Prov, 12km W Ranomafana Natl Pk entrance, radio tower , malaise in
montane tropical forest, 7/17.V.03, R H’Hala, ME Irwin, 1215m 21°15'05"S, 47°24'43"E,
MG 9B_60 / MEP 167A (1 male); Parc National Ranomafana, JIRAMA water works 8-15
November 2001 21°14'91"S, 47°27'13"E, collector: R. Harin’Hala, California Academy of
Sciences, malaise trap near river, elev 690m MA-02-09D-02 / MEP 211A (1 male); Belle
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Vue, 1.2km S Ranomafana Nat’l Park entrance, malaise in rainforest, 26.II/4.III.2001,
1095m, R. Harin’Hala, ME Irwin, 21°15'99"S, 47°25'21"E MG 9C_18 / MEP 469 (1 male);
Manombo Special Reserve camp site 32km SSE of Farafangana, 20 Jan-2 Feb 2005,
23°01'13"S, 47°43'20"E, California Acad of Sciences, coll: M. Irwin, R’ Harin’Hala,
malaise trap, lowland rainforest, elev 36m, MA-28-11 / MEP 613A (1 male); Miandritsara
Forest, 40km S Ambositra 20°47'56"S, 47°10'54"E, 26 Dec 2004-5 Jan 2005, California
Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in low altitude rainforest, elev
825m, MA-29-05 / MEP 626A-(2,4,7) (3 males); Miandritsara Forest, 40km S Ambositra
20°47'56"S, 47°10'54"E, 5-19 March 2005, California Acad of Sciences, coll: M. Irwin, R.
Harin’Hala, malaise trap, in low altitude rainforest, elev 825m, MA-29-11 / MEP 631A-2 (1
male); Miandritsara Forest, 40km S Ambositra 20°47'56"S, 47°10'54"E, 25-30 November
2005, California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in low
altitude rainforest, elev 825m, MA-29-34 / MEP 648 (1 male); Miandritsara Forest, 40km S
Ambositra 20°47'56"S, 47°10'54"E, 30 Nov-7 Dec 2005, California Acad of Sciences, coll:
M. Irwin, R. Harin’Hala, malaise trap, in low altitude rainforest, elev 825m, MA-29-35 /
MEP 649-5 (1 male); Miandritsara Forest, 40km S Ambositra 20°47'56"S, 47°10'54"E, 7-13
December 2005, California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in
low altitude rainforest, elev 825m, MA-29-36 / MEP 650-1 (1 male); Madagascar: Province
Fianarantsoa, Miandritsara Forest, 40km S Ambositra 20°47'56"S, 47°10'54"E, 27 Feb-8
March 2006, California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in
low altitude rainforest, elev 825m, MA-29-46 / MEP 659A (1 male); Parc National
Ranomafana, radio tower at forest edge, elev 1130m 6-16 August 2003 21°15'05"S,
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47°24'43"E, collector: R. Harin’Hala, California Academy of Sciences, malaise, mixed
tropical forest MA-02-09B-69 / MEP 711 (1 male); Parc National Ranomafana, radio tower
at forest edge, elev 1130m 8-18 October 2003 21°15'05"S, 47°24'43"E, collector: R.
Harin’Hala, California Academy of Sciences, malaise, mixed tropical forest MA-02-09B-75
/ MEP 716 (1 male); Parc National Ranomafana, radio tower at forest edge, elev 1130m 617 December 2003 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California Academy
of Sciences, malaise, mixed tropical forest MA-02-09B-81 / MEP 720A (1 male); Parc
National Ranomafana, radio tower at forest edge, elev 1130m 28 March-10 April 2005
21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California Academy of Sciences, malaise,
mixed tropical forest MA-02-09B-112 / MEP 749-(1-2) (2 males).
Holotype condition: Head sunken in; some thoracic setae broken off.
Etymology: from Latin flavi = yellow; articulus = knee, joint. The specific name is
in reference to the yellow “knees” that this fly has on the hind legs.
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Figure 5. H. flaviarticulus sp. nov. epandrium with hypandrium (view from lateral left;
scale = 0.02mm; Morphbank 496864).

Figure 6. H. flaviarticulus sp. nov. aedeagus (scale = 0.01mm; Morphbank 496865).
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Figure 7. H. flaviarticulus sp. nov. locality distribution map.
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Hybos verykoukisorum sp. nov.
(Figs. 8-12; 31a)
Diagnosis: H. verykoukisorum sp. nov. differs from all other species described by the clawlike shape of the surstylus on the ventral epandrial lobe and the presence of a single ventral
spine on the fore tibia.
Description. Male: body length 3.2 mm; wing length 2.96 mm.
Head. Frons and face light brown. Frons slightly wider than width of anterior
ocellus. Face slightly longer than length of scape, pedicel and first flagellomere and thin,
about the same width from antennae to palpi. Proboscis shiny yellow, about 0.4 millimeters
in length. Palpus shiny yellow with golden pubescence and one preapical seta. Ocellar
tubercle with vitreous pale-yellow ocelli and two proclinate ocellar setae. Antenna with
scape, pedicel, and flagellum light brown with golden pubescence. Pedicel with medially
verticillate setae. First flagellomere nearly equal in length to scape and pedicel combined,
with long apical arista. Postcranium dark brown with gray pubescence and scattered setae.
Postocular setae proclinate, arranged in complete single series.
Thorax. Shiny dark brown notum with pale yellow pubescence concentrated mostly on the
posterior end of the notum. All thoracic hairs and bristles pale yellow or brown, with brown
setae concentrated on the dorsal region of notum. Two long prescutellar dorsocentral setae;
two long acrostichal setae; one anterior postpronotal seta and one basal postpronotal seta;
one long notopleural seta; two long discal scutellar setae; scutellar setae uniserial along
margin of scutellum.
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Legs. Forelegs and midlegs yellow with brown tarsi, hindlegs yellow to brown; all with
distinct setae of varying sizes. Fore tibia with a single ventral spine proximal to femur; mid
tibia with one medially dorsal bristle and one preapical bristle; hind femur with a single
irregular row of posteroventral bristles running length of femur and a single short row of
posteroventral bristles proximal to trochanter.
Wings. Hyaline with light brown pterostigma; entirely microtrichose. Pterostigma fills area
between costa and R2+3 vein at posterior end of wing beginning where R1 meets costa.
Microtrichia complete along entire wing margin; setae proclinate along costa then
perpendicular to wing along remainder of margin. Haltere whitish with bulbous knob.
Abdomen. Dark brown with fine setae. Genitalia rotated 90° to the right as in all Hybotinae;
brown with brown pubescence; cerci yellow. Surstylus of dorsal epandrial lobe with two
stout bristles at apex; ventral epandrial lobe with claw-like surstylus which meets bristles of
dorsal epandrial lobe. Hypandrium fits tightly between both epandrial lobes.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa)
Type material: Holotype male: Madagascar, Fianarantsoa Prov, 17km W
Ranomafana, Vohiparara, Ranomafana Natl Park, malaise in rainforest, 29.IV/6.V.2002,
1110m, R Harin’Hala, ME Irwin, 21°13'57"S, 47°22'19"E, MG_9A_27 / CASLOT 017684 /
MEP202
Paratypes: MADAGASCAR, Fianarantsoa Province: Belle Vue, 1.2km S
Ranomafana Nat’l Park entrance, malaise in rainforest, 26.II/10.III.2003, 1095m, R.
Harin’Hala, ME Irwin, 21°15'99"S, 47°25'21"E MG 9C_55 / MEP164A (1 male); Parc
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National Ranomafana, radio tower at forest edge, elev 1130m 29 June-6 July 2003
21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California Academy of Sciences, malaise,
mixed tropical forest MA-02-09B-65 / MEP144B (1 male); Parc National Ranomafana,
radio tower at forest edge, elev 1130m 3-15 April 2003 21°15'05"S, 47°24'43"E, collector:
R. Harin’Hala, California Academy of Sciences, malaise, mixed tropical forest MA-02-09B57 / MEP147A (1 male); Parc National Ranomafana, radio tower at forest edge, elev 1130m
20 March-3 April 2003 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California
Academy of Sciences, malaise, mixed tropical forest MA-02-09B-56 / MEP149A-(1-2) (2
males); Parc National Ranomafana, Belle Vue at Talatakely, elev 1020m 12-23 April 2003
21°15’99"S, 47°25’21"E, collector: R. Harin’Hala, California Academy of Sciences,
malaise, secondary tropical forest MA-02-09C-58 / MEP168D (1 male); Parc National
Ranomafana, Belle Vue at Talatakely, elev 1020m 21 March-12 April 2003 21°15'99"S,
47°25'21"E, collector: R. Harin’Hala, California Academy of Sciences, malaise, secondary
tropical forest MA-02-09C-57 / MEP169E (1 male); 17km W Ranomafana, Vohiparara,
Ranomafana Nat’l Park, malaise in rainforest, 29.IV/6.V.2002, 1110m, R Harin’Hala, ME
Irwin, 21°13'57"S, 47°22'19"E MG 9A_27 / MEP202 (1 male); Belle Vue, 1.2km S
Ranomafana Nat’l Park entrance, malaise in rainforest, 19/26.II.2002, 1095m, R.
Harin’Hala, ME Irwin, 21°15'99"S, 47°25'21"E MG 9C_17 / MEP286 (1 male); 12km W
Ranomafana Natl Pk entrance, radio tower , malaise in montane tropical forest, 7/14.V.02, R
H’Hala, ME Irwin, 1215m 21°15'05"S, 47°24'43"E, MG 9B_28 / MEP153E (1 male).
Holotype condition: Left arista broken off above base; ocellar setae missing; all
tarsomeres but first missing from right midleg.
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Etymology: Named for the Verykoukis family of Raleigh NC, I have been a
caregiver for the Verykoukis children for over the past seven years; they are as dear to me as
my own family.

Figure 8. H. verykoukisorum sp. nov. epandrium (view from lateral left; scale = 0.02mm;
Morphbank 496867).
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Figure 9. H. verykoukisorum sp. nov. hypandrium (scale = 0.02mm; Morphbank 496868).

Figure 10. H. verykoukisorum sp. nov. aedeagus (scale = 0.02mm; Morphbank 496869).
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Figure 11. H. verykoukisorum sp. nov. fore tibial spine (Morphbank 496871).
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Figure 12. H. verykoukisorum sp. nov. locality distribution map.
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Hybos fianarantsoensis sp. nov.
(Figs. 13-15; 31c)
Diagnosis: H. fianarantsoensis sp. nov. is similar to H. flaviarticulus sp. nov. in the shape
of the male genitalia. However, it differs from the latter due to the presence of abundant
setae on the genitalia and the presence of a single row of posteroventral bristles on the hind
femur.
Description. Male: body length 2.45 mm; wing length 2.93 mm.
Head. Frons and face shiny brown. Frons twice the width of anterior ocellus. Face
wide at insertion of antennae then narrows down to width of frons at insertion of palpi,
approximately the same length as the scape, pedicel, and first flagellomere. Proboscis shiny
brown, about 0.42 millimeters in length. Palpus brown with gray pubescence, one preapical
seta, and one medially lateral seta. Ocellar tubercle with vitreous pale-yellow ocelli and
four proclinate ocellar setae, anterior two long, posterior two short. Antenna with scape,
pedicel, and flagellum brown with light brown pubescence. Pedicel with medially
verticillate setae. First flagellomere with one medially dorsal seta; about length of scape and
pedicel with long apical arista. Postcranium brown with scattered setae. Postocular setae
proclinate, arranged in complete single series.
Thorax. Shiny brown notum with light brown pubescence concentrated on the posterior end
of the notum. All thoracic hairs and bristles brown, longer toward posterior end of notum.
Dorsocentral setae biserial in irregular rows with two long prescutellar setae; acrostichal
setae biserial in irregular rows with two long prescutellar setae; one anterior postpronotal
seta and two basal postpronotal setae; one distinctly long notopleural setae, about two-thirds
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length of arista; supra-alar setae and intra-alar setae present in irregular rows; two discal
scutellar setae; scutellar setae uniserial along margin of scutellum.
Legs. Forelegs and midlegs brown, hindlegs black with yellow articulations between the
trochanter, femur, and tibia; all with distinct setae of varying sizes. Fore tibia with one
preapical bristle; mid tibia with one long preapical bristle and one long medially ventral
bristle; hind femur with one row of short, posteroventral bristles; hind tarsus with irregular
rows of short, stout bristles.
Wings. Hyaline with whitish pterostigma; entirely microtrichose. Pterostigma flattened
ovate along costa but does not reach R2+3 vein below; begins where R1 meets costa and ends
before R2+3 vein meets costa . Microtrichia complete along entire wing margin; setae
proclinate along costa then perpendicular to wing along remainder of margin. Haltere
whitish with bulbous knob.
Abdomen. Shiny brown with long, whitish setae that decrease in length from thorax to
genitalia. Genitalia rotated 90° to the right as in all Hybotinae; light brown to yellow with
yellow pubescence; cerci yellow; genitalia heavily setose. Hypandrium reduced to a small
plate fused to the ventral epandrial lobe; wider at base then draws to a point on the posterior
end. Dorsal epandrial lobe wide at base; dorsal surstylus is narrowed into finger and thumblike form that meets surstylus of ventral epandrial lobe; hypandrium and ventral epandrial
lobe heavily covered in setae.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa)
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Type material: Holotype male: MADAGASCAR: Province Fianarantsoa, Parc
National Ranomafana, radio tower at forest edge, elev 1130m, 13-24 November 2005,
21°15'5"S, 47°24'43"E, coll: M. Irwin, R. Harin’Hala, California Acad of Sciences, malaise,
mixed tropical forest, MA-02-09B-130 / CASLOT 027806 / MEP763-2
Paratypes: MADAGASCAR, Fianarantsoa Province: Parc National Ranomafana,
Belle Vue at Talatakely, elev 1020m 10-21 March 2003 21°15'99"S, 47°25'21"E, collector:
R. Harin’Hala, California Academy of Sciences, malaise, secondary tropical forest MA-0209C-56 / MEP157D (1 male); Parc National Ranomafana, Belle Vue at Talatakely, elev
1020m 21 March-12 April 2003 21°15'99"S, 47°25'21"E, collector: R. Harin’Hala,
California Academy of Sciences, malaise, secondary tropical forest MA-02-09C-57 /
MEP166D (1 male); Parc National Ranomafana, radio tower at forest edge, elev 1130m 27
April-11 May 2004 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California Academy
of Sciences, malaise, mixed tropical forest MA-02-09B-91 / MEP729A (1 male); Parc
National Ranomafana, radio tower at forest edge, elev 1130m 9-26 may 2005 21°15'05"S,
47°24'43"E, collector: R. Harin’Hala, California Academy of Sciences, malaise, mixed
tropical forest MA-02-09B-115 / MEP751 (1 male); Parc National Ranomafana, radio tower
at forest edge, elev 1130m 13-24 November 2005 21°15'05"S, 47°24'43"E, collector: R.
Harin’Hala, California Academy of Sciences, malaise, mixed tropical forest MA-02-09B130 / MEP763 (1 male); Parc National Ranomafana, radio tower at forest edge, elev 1130m
30 March-13 April 2006 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala, California
Academy of Sciences, malaise, mixed tropical forest MA-02-09B-144 / MEP775 (1 male).
Holotype condition: Right hind tarsus is hanging at odd angle off tibia.
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Etymology: Named for the province in Madagascar from which the flies were
collected, Fianarantsoa.

a)

b)

Figure 13. H. fianarantsoensis sp. nov. epandrium and hypandrium: a) left epandrial lobe
(Morphbank 496872); b) right epandrial lobe with hypandrium (Morphbank 496873) (view
from lateral left; scale = 0.02mm).

Figure 14. H. fianarantsoensis sp. nov. aedeagus (scale = 0.01mm; Morphbank 496874).
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Figure 15. H. fianarantsoensis sp. nov. locality distribution map.
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Hybos exastis sp. nov.
(Figs. 16-19; 31a)
Diagnosis: H. exastis sp. nov. is similar to H. angustifacies sp. nov. in the morphology of
the genitalia. However, it differs from the latter due to the inverted triangle shape of the
face and the presence of two rows of posteroventral bristles on the hind femur.
Description. Male: body length 2.88 mm; wing length 2.88 mm.
Head. Frons and face dark brown. Frons twice the width of anterior ocellus. Face
shaped like an inverted triangle, reduced to length of first flagellomere. Proboscis brown,
about 0.35 millimeters in length. Palpus dark brown with brown pubescence, short, about
1.5 times length of first flagellomere. Ocellar tubercle with vitreous pale-yellow ocelli and
two proclinate ocellar setae. Antenna with scape, pedicel, and flagellum dark brown with
brown pubescence. Pedicel with medially verticillate setae. First flagellomere about length
of scape and pedicel with long apical arista. Postcranium dark brown with scattered setae.
Postocular setae proclinate, arranged in complete single series.
Thorax. Shiny dark brown notum with brown pubescence on posterior end of notum. All
thoracic hairs and bristles brown. Dorsocentral setae biserial in irregular rows with two long
prescutellar setae; acrostichal setae biserial in irregular rows with two long prescutellar
setae; one anterior postpronotal seta and one basal postpronotal seta; two short notopleural
setae; supra-alar setae in irregular row; two long discal scutellar setae; scutellar setae
uniserial along margin of scutellum.
Legs. Dark brown with distinct setae of varying sizes. Mid tibia with one long preapical
bristle; hind femur with one row of posteroventral bristles running length of femur and one

42

short row of posteroventral bristles proximal to trochanter; first hind tarsomere with two
spines, one proximal to tibia, one proximal to second tarsomere; second hind tarsomere with
one spine proximal to third tarsomere.
Wings. Hyaline with light brown pterostigma; entirely microtrichose. Pterostigma fills area
between costa and R2+3 vein at posterior end of wing beginning where R1 meets costa.
Microtrichia travel along entire wing margin; setae proclinate along costa then perpendicular
to wing along remainder of margin. Haltere whitish with bulbous knob.
Abdomen. Dark brown with fine white setae all over. Genitalia rotated 90° to the right as in
all Hybotinae; dark brown to black with dark brown pubescence. Dorsal epandrial lobe with
stout setae covering margin of surstylus; ventral epandrial lobe with scalloped surstylus
which meets setae of dorsal epandrial lobe. Hypandrium fits tightly between both epandrial
lobes; stout setae confined to posterior margin. Cerci heavily setose.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa, Tulear, Antsiranana)
Type material: Holotype male: MADAGASCAR: Tulear Prov., Zombitse National
Park, near ANGAP office, 22°53'19"S, 44°41'53"E, 13-25 July 2002, California Acad of
Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest, elev 840 m, MA-0213A-35 / CASLOT 027869 / MEP 853
Paratypes: MADAGASCAR, Fianarantsoa Province: Parc National Ranomafana,
radio tower at forest edge, elev 1130m 2-13 May 2006 21°15'05"S, 47°24'43"E, collector: R.
Harin’Hala, California Academy of Sciences, malaise, mixed tropical forest MA-02-09B147 / MEP778 (1 male); MADAGASCAR, Tulear Province: Zombitse National Park, near
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national road, 22°50'43"S, 44°43'87"E, 2-7 December 2001 California Academy of
Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest, elev 825m, MA-02-13B05 / MEP783 (1 male); Zombitse National Park, near national road, 22°50'43"S, 44°43'87"E,
6-13 March 2002 California Academy of Sciences, coll: R. Harin’Hala, malaise trap,
deciduous spiny forest, elev 825m, MA-02-13B-19 / MEP791 (1 male); Zombitse National
Park, near national road, 22°50'43"S, 44°43'87"E, 3-11 April 2002 California Academy of
Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest, elev 825m, MA-02-13B23 / MEP792 (1 male); Zombitse National Park, near ANGAP office, 22°53'19"S,
44°41'53"E, 14-16 December 2001 California Academy of Sciences, coll: R. Harin’Hala,
malaise trap, deciduous spiny forest, elev 840m, MA-02-13A-07 / MEP841 (1 male);
Zombitse National Park, near ANGAP office, 22°53'19"S, 44°41'53"E, 13-25 July 2002
California Academy of Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest,
elev 840m, MA-02-13A-35 / MEP853 (1 male); MADAGASCAR, Antsiranana Province:
Parc National Montagne d’Ambre, 960m, 7-12 January 2007, 12°30'52"S, 49°10'53"E,
California Acad. of Sciences, Coll: M. Irwin, F. Parker, R. Harin’Hala, malaise trap, MA01-01A-16 / MEP811 (1 male).
Holotype condition: Midlegs missing; wings crinkled; legs bent at odd angles.
Etymology: from Greek exastis = rough edge, fringe. The name is in reference to
the scalloped edge of the surstylus of the ventral epandrial lobe.
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Figure 16. H. exastis sp. nov. epandrium (view from lateral left; scale = 0.02mm;
Morphbank 496875).
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Figure 17. H. exastis sp. nov. hypandrium (scale = 0.02mm; Morphbank 496876).

Figure 18. H. exastis sp. nov. aedeagus (scale = 0.02mm; Morphbank 496877).
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Figure 19. H. exastis sp. nov. locality distribution map.

47

Hybos triangulus sp. nov.
(Figs. 20-22; 31c)
Diagnosis: H. triangulus sp. nov. is similar to H. flaviarticulus sp. nov. in the morphology
of the male genitalia but differs from the latter due to the irregular triangular shape of the
hypandrium, shortening of the abdominal setae from thorax to genitalia, and the heavily
setose hind tarsi.
Description. Male: body length 2.96 mm; wing length 2.88 mm.
Head. Frons and face brown with gray pruinescence. Frons slightly wider than
width of anterior ocellus. Face approximately same length as scape, pedicel, and first
flagellomere, wider proximal to antennae then narrows down towards palpi. Proboscis
brown, about 0.37 millimeters in length. Palpus brown with brown pubescence and one
almost apical seta. Ocellar tubercle with vitreous pale-yellow ocelli and two proclinate
ocellar setae. Antenna with scape, pedicel, and flagellum brown with golden pubescence.
Pedicel with medially verticillate setae. First flagellomere with medially dorsal seta; equal
in length to scape and pedicel, and with long apical arista. Postcranium brown with
scattered setae. Postocular setae proclinate, arranged in complete single series.
Thorax. Shiny brown notum with brown pubescence concentrated mostly on the posterior
end of the notum; areas with gray pubescence bare of setae. All thoracic hairs and bristles
dark brown to black, longer towards posterior end of notum. Dorsocentral setae biserial in
irregular rows with two long prescutellar setae; acrostichal setae biserial in irregular rows
with two long prescutellar setae; one notopleural seta; supra-alar setae in irregular row; two
discal scutellar setae; scutellar setae uniserial along margin of scutellum.
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Legs. Forelegs and midlegs brown, hindlegs dark brown; all with distinct setae of varying
sizes. Fore tibia with short, preapical bristle; mid tibia with one long medially ventral
bristle; hind femur with one row of posteroventral bristles; hind tarsi heavily setose.
Wings. Hyaline with light brown pterostigma; entirely microtrichiose. Pterostigma flattened
ovate along costa but does not reach R2+3 vein below; begins just before end of R1 and ends
before R2+3 vein reaches costa . Microtrichia travel along entire wing margin; setae
proclinate along costa then perpendicular to wing along remainder of margin. Haltere
whitish with bulbous knob.
Abdomen. Light brown with setae all over; setae are longer proximal to thorax, shortening
all the way down abdomen to genitalia. Genitalia rotated 90° to the right as in all
Hybotinae; light brown. Hypandrium reduced to a small irregular triangle-shaped plate
fused to the ventral epandrial lobe; wider at base then draws to a point on the posterior end.
Dorsal epandrial lobe wide at base; dorsal surstylus is narrowed into finger and thumb-like
form that meets surstylus of ventral epandrial lobe; hypandrium with row of stout setae
along inner margin.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa, Tulear)
Type material: Holotype male: MADAGASCAR: Province Fianarantsoa,
Miandritsara Forest, 40 km S Ambositra, 20°47'56"S, 47°10'54"E, 3-14 November 2004,
California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in low altitude
rainforest, elev 825m, MA-29-03 / CASLOT 024955 / MEP 624A-1
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Paratypes: MADAGASCAR, Fianarantsoa Province: Miandritsara Forest, 40km S
Ambositra 20°47'56"S, 47°10'54"E, 3-14 November 2004, California Acad of Sciences, coll:
M. Irwin, R. Harin’Hala, malaise trap, in low altitude rainforest, elev 825m, MA-29-03 /
MEP624A-1 (1 male); Miandritsara Forest, 40km S Ambositra 20°47'56"S, 47°10'54"E, 514 April 2007, California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in
low altitude rainforest, elev 825m, MA-29-84 / MEP894 (1 male); MADAGASCAR, Tulear
Province: Zombitse National Park, near national road, 22°50'43"S, 44°43'87"E, 14-25
August 2002 California Academy of Sciences, coll: R. Harin’Hala, malaise trap, deciduous
spiny forest, elev 825m, MA-02-13B-34 / MEP794 (1 male).
Holotype condition: Notum slightly compressed dorsally.
Etymology: from Latin triangulus = triangle. The name is in reference to the
irregular triangle shape of the hypandrium.
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a)

b)

Figure 20. H. triangulus sp. nov. epandrium and hypandrium, two views: a) epandrium with
hypandrium (view from lateral left; Morphbank 496878); b) epandrium (view from lateral
right; Morphbank 496879); scale = 0.02mm).

Figure 21. H. triangulus sp. nov. aedeagus (scale = 0.02mm; Morphbank 496880).
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Figure 22. H. triangulus sp. nov. locality distribution map.
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Hybos angustifacies sp. nov.
(Figs. 23-26; 31a)
Diagnosis: H. angustifacies sp. nov. differs from all other species described by the
reduction of the face down to a minute line dividing nearly holoptic compound eyes.
Description. Male: body length 3.04 mm; wing length 2.72 mm.
Head. Frons whitish, twice the width of anterior ocellus. Face black, narrowed
down to a line separating the compound eyes. Proboscis shiny brown, about 0.37
millimeters in length. Palpus brown with golden pubescence and one almost apical seta.
Ocellar tubercle with vitreous pale-yellow ocelli and two proclinate ocellar setae. Antenna
with scape, pedicel, and flagellum brown with golden pubescence. Pedicel with medially
verticillate setae. First flagellomere slightly shorter than length of scape and pedicel with
long apical arista. Postcranium brown with golden pubescence and scattered setae.
Postocular setae proclinate, arranged in complete single series.
Thorax. Shiny black notum with thick brown pubescence on posterior end of notum. All
thoracic hairs and bristles dark brown. Dorsocentral setae biserial in irregular rows with two
long prescutellar setae; acrostichal setae biserial in irregular rows with two long prescutellar
setae; one to two anterior and basal postpronotal setae; two short notopleural setae; supraalar setae and intra-alar setae present in irregular rows; two long discal scutellar setae;
scutellar setae uniserial along margin of scutellum.
Legs. Brown with distinct setae of varying sizes. Hind femur with one row of
posteroventral bristles; first hind tarsomere with short, irregular row of spines; second hind
tarsomere with one spine proximal to third tarsomere; hind tarsi are heavily setose.
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Wings. Hyaline with brown pterostigma; entirely microtrichiose. Pterostigma fills area
between costa and R2+3 vein at posterior end of wing beginning where R1 meets costa.
Microtrichia travel along entire wing margin; setae proclinate along costa then perpendicular
to wing along remainder of margin. Haltere whitish with bulbous knob.
Abdomen. Brown to black with fine setae all over. Genitalia rotated 90° to the right as in all
Hybotinae; dark brown to black with light brown pubescence. Dorsal epandrial lobe with
stout setae covering margin of surstylus; ventral epandrial lobe with scalloped surstylus
which meets setae of dorsal epandrial lobe. Hypandrium fits tightly between both epandrial
lobes; stout setae confined to posterior margin. Cerci heavily setose.
Female: Unknown.
Distribution: Madagascar (Provinces Fianarantsoa, Tulear)
Type material: Holotype male: MADAGASCAR: Tulear Prov., Zombitse National
Park, near ANGAP office, 22°53'19"S, 44°41'53"E, 15 Oct-9 Nov 2001, California Acad of
Sciences, colls: ME Irwin, FD Parker, R. Harin’Hala, malaise trap, deciduous spiny forest,
elev 840 m, MA-02-13A-01 / CASLOT 018898 / MEP 355
Paratypes: MADAGASCAR, Tulear Province: Zombitse National Park, near
ANGAP office, 22°53'19"S, 44°41'53"E, 13-20 March 2002 California Academy of
Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest, elev 840m, MA-02-13A20 / MEP408B-2 (1 male); Zombitse National Park, near ANGAP office, 22°53'19"S,
44°41'53"E, 16-23 April 2002 California Academy of Sciences, coll: R. Harin’Hala, malaise
trap, deciduous spiny forest, elev 840m, MA-02-13A-25 / MEP271 (1 male); Zombitse
National Park, near ANGAP office, 22°53'19"S, 44°41'53"E, 15 Oct-9 Nov 2001 California
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Academy of Sciences, coll: R. Harin’Hala, malaise trap, deciduous spiny forest, elev 840m,
MA-02-13A-01 / MEP355 (1 male); MADAGASCAR, Fianarantsoa Province: Belle Vue,
1.2km S Ranomafana Nat’l Park entrance, malaise in rainforest, 28.I/5.II.2002, 1095m, R.
Harin’Hala, ME Irwin, 21°15'99"S, 47°25'21"E MG 9C_14 / MEP349 (1 male).
Holotype condition: Abdomen and forelegs broken off (stored in microvial with
glycerin); right wing slightly ripped.
Etymology: from Latin angustus = narrow; facies = face. The specific name is in
reference to the reduction of the face down to a minute line.

Figure 23. H. angustifacies sp. nov. epandrium (view from lateral left; scale = 0.02mm;
Morphbank 496881).
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Figure 24. H. angustifacies sp. nov. hypandrium (scale = 0.02mm; Morphbank 496882).

Figure 25. H. angustifacies sp. nov. aedeagus (scale = 0.02mm; Morphbank 496883).
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Figure 26. H. angustifacies sp. nov. locality distribution map.
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Hybos ignotopalpus sp. nov.
(Figs. 27-30; 31c)
Diagnosis: H. ignotopalpus sp. nov. differs from all other studied species by possessing
modified branched palpi positioned midway between the antennae and the proboscis on the
face.
Description. Male: body length 2.56 mm; wing length 2.92 mm.
Head. Frons and face black. Frons about the width of anterior ocellus. Face shaped
like a pentagonal shield, about half the length of the first flagellomere. Proboscis shiny
brown, about 0.37 millimeters in length. Palpus dark brown, heavily modified; palpus split
into one upper and one lower branch; upper branch is arista-like, long, curved, thicker at
base and thinning apically with a slight preapical bulb ; lower branch about half length of
upper, stout, and covered in a row of thick setae that decrease in length from base to tip.
Ocellar tubercle with vitreous pale-yellow ocelli and two proclinate ocellar setae. Antenna
with scape, pedicel, and flagellum brown with light brown pubescence. Pedicel with 1-2
lateral setae. First flagellomere tapers off heavily toward arista; slightly longer than length
of scape and pedicel with long apical arista. Postcranium brown with gray pubescence and
scattered setae. Postocular setae proclinate, arranged in complete single series.
Thorax. Shiny black notum with thick gray pubescence concentrated mostly on the
posterior end of the notum. All thoracic hairs and bristles dark brown to black, longer
towards posterior end of notum. Dorsocentral setae biserial in irregular rows with two long
prescutellar setae; acrostichal setae biserial in irregular rows with two long prescutellar
setae; one basal postpronotal seta; one notopleural seta about one-third length of arista;
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intra-alar setae and supra-alar setae present in irregular rows at anterior end of thorax; two
discal scutellar setae; one subapical scutellar seta to the left and right of discal scutellar
setae.
Legs. Forelegs and midlegs shiny brown, hindlegs black with yellow articulations between
the trochanter, femur, and tibia; all with distinct setae of varying sizes. Fore tibia with
varying numbers of stout bristles proximal to first tarsomere; mid tibia with one preapical
bristle proximal to first tarsomere; hind femur with one row of posteroventral bristles; hind
tarsi heavily covered with short, stout setae.
Wings. Hyaline with light brown pterostigma; entirely microtrichiose. Pterostigma flattened
ovate along costa but does not reach R2+3 vein below; begins where R1 meets costa and ends
before R2+3 vein meets costa. Microtrichia travel along entire wing margin; setae proclinate
along costa then perpendicular to wing along remainder of margin. Haltere whitish with
bulbous knob.
Abdomen. Shiny dark brown with fine white setae all over. Genitalia rotated 90° to the
right as in all Hybotinae; black with dark brown to black pubescence. Hypandrium reduced
to a small plate fused to the ventral epandrial lobe; wider at base then draws to a point on the
posterior end. Surstylus of dorsal epandrial lobe modified into a narrow hook-like form that
meets surstylus of ventral epandrial lobe; hypandrium and ventral epandrial lobe heavily
covered in setae.
Female: Resembling male very closely but without modification of the palpi.
Distribution: Madagascar (Provinces Fianarantsoa, Tulear, Antananarivo,
Antsiranana)
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Type material: Holotype male: MADAGASCAR: Province Fianarantsoa,
Miandritsara Forest, 40 km S Ambositra, 20°47'56"S, 47°10'54"E, 30 Nov-7 Dec 2005,
California Acad of Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in low altitude
rainforest, elev 825m, MA-29-35 / CASLOT 024980 / MEP 649-1
Paratypes: MADAGASCAR, Fianarantsoa Province, Parc National Ranomafana,
radio tower at forest edge, elev 1130m, 21°15'05"S, 47°24'43"E, collector: R. Harin’Hala,
California Academy of Sciences, malaise, mixed tropical forest: 18-29 June 2003 MA-0209B-64 / MEP150C (1 male); 21-31 January MA-02-09B-85 / MEP724A (1 male); 5-18
March 2006 MA-02-09B-142 / MEP773 (1 male); MADAGASCAR, Fianarantsoa Province,
Miandritsara Forest, 40km S Ambositra, 20°47'56"S, 47°10'54"E, California Acad of
Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, in low altitude rainforest, elev 825m:
12-23 October 2004, MA-29-01 / MEP622A-(1-22) (22 males; 2 females); 23 Oct-3 Nov
2004, MA-29-02 / MEP623A-(1-22) (22 males); 3-14 November 2004, MA-29-03 /
MEP624A-(2-12) (11 males; 2 females); 14 Nov-26 Dec 2004, MA-29-04 / MEP625A-(1 18) (18 males; 11 females); 26 Dec 2004-5 Jan 2005, MA-29-05 / MEP626A-(1,3,5-6) (4
males; 4 females); 5-18 January 2005, MA-29-06 / MEP627A (1 male; 2 females); 28 Jan-9
Feb 2005, MA-29-08 / MEP629A (1 male; 3 females); 5-19 March 2005, MA-29-11 /
MEP631A-(1,3-7) (6 males; 6 females); 19-31 March 2005, MA-29-12 / MEP623A-(1-2) (2
males); 27 April-9 May 2005, MA-29-15 / MEP635-(1-3) (3 males); 5-16 August 2005,
MA-29-23 / MEP640 (1 male); 11-25 October 2005, , MA-29-29 / MEP644 (1 male); 18-25
November 2005, MA-29-33 / MEP647 (1 male); 30 Nov-7 Dec 2005, MA-29-35 / MEP649(1-4) (4 males); 7-13 December 2005, MA-29-36 / MEP650-(2-5) (4 males); 13-20
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December 2005, MA-29-37; MEP651-(1-3) (3 males); 27 Dec 2005-5 Jan 2006, MA-29-39 /
MEP652-(1-6) (6 males); 5-12 January 2006, MA-29-40 / MEP653-(1-4) (4 males); 16-27
February 2006, MA-29-45 / MEP658-(1-3) (3 males); 8-18 March 2006, MA-29-47 /
MEP660-(1-7) (7 males); 13-22 November 2006, MA-29-68 / MEP878 (1 male); 19-28
December 2006, MA-29-72 / MEP882 (1 male); 28 December 2006-4 January 2007, MA29-73 / MEP883-(1-2) (2 males); 8-17 March 2007, MA-29-81 / MEP891 (1 male); 17-26
March 2007, MA-29-82 / MEP892-(1-3) (3 males); 5-14 April 2007, MA-29-84 / MEP894
(1 male); 14-23 April 2007, MA-29-85 / MEP895 (1 male); MADAGASCAR, Tulear
Province: Mikea Forest, NW of Manombo, el 37m, 22°54'80"S, 43°28'93"E, 1-8 March
2002, coll: M. Irwin, R. Harin’Hala, California Acad of Sciences, malaise trap, spiny forest
MA-02-18B-15 / MEP588A (1 male); Zombitse National Park, near ANGAP office,
22°53'19"S, 44°41'53"E, 7-14 December 2001 California Academy of Sciences, coll: R.
Harin’Hala, malaise trap, deciduous spiny forest, elev 840m, MA-02-13A-06 / MEP840 (1
male); MADAGASCAR, Antananarivo Province: 46km NE of Ankazobe: Ambohitantely
18°11'88"S, 47°16'89"E, 29 Nov-6 Dec 2003, California Acad of Sciences, coll: M. Irwin,
R. Harin’Hala, malaise trap – in sclerophyl forest, elev 700m, MA-27-08 / MEP589A (1
male); MADAGASCAR, Antsiranana Province: Marojejy Nat’l Park, 5 km W Manantenina
village, Camp Mantella, 16-28 April 2005, 14°26'29"S, 49°46'44"E, California Acad of
Sciences, coll: M. Irwin, R. Harin’Hala, malaise trap, low altitude rainforest, elev. 490m,
MA-31-19 / MEP825A-(1-4) (4 males).
Holotype condition: Excellent.
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Etymology: from Latin ignoto = strange, weird; palpus = mouthpart, palpus. The
specific name is in reference to the unusual, highly modified maxillary palpi of this species.

Figure 27. H. ignotopalpus sp. nov. epandrium with hypandrium (view from lateral left;
scale = 0.02mm; Morphbank 496884).

Figure 28. H. ignotopalpus sp. nov. aedeagus (scale = 0.02mm; Morphbank 496885).

62

a)

b)
Figure 29. H. ignotopalpus sp. nov. modified palpi: a) profile view (Morphbank 496889);
b) aerial view (Morphbank 496888).
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Figure 30. H. ignotopalpus sp. nov. locality distribution map.
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a)

b)

c)
Figure 31. Three Hybos sp. nov. wing variations: a) full pterostigma (Morphbank 496707);
b) ovate pterostigma (Morphbank 496866); c) flattened ovate pterostigma (Morphbank
496886).
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Key to species of Hybos from Madagascar, based on males

1. Pterostigma fills area between costa and R2+3 vein at posterior end of wing beginning
where R1 meets costa; dorsal epandrial lobe wide at base with surstylus narrowed into
hook or finger-like form; hypandrium reduced to a small plate fused to the ventral
epandrial lobe..……………………………………..……………………..……………....2
-

Pterostigma ovate along costa but does not reach R2+3 vein below; begins where R1
meets costa but ends before R2+3 vein meets costa; hypandrium large and plate-like
fitting tightly between both epandrial lobes on lateral left of genitalia…...………...……5

2. Spines on the hind tarsus present; no spine on the fore tibia………...…………………...3
-

Spines on the hind tarsus absent; fore tibia with one ventral spine proximal to femur;
ventral epandrial lobe with claw-like surstylus...……………H. verykoukisorum sp. nov.

3. Thorax with two short notopleural setae; hind tarsus with second tarsomere with a single
preapical spine ………………………………...…………..……………………………..4
-

Thorax with one distinctly long notopleural seta about two-thirds length of the arista on
each side of thorax; hind tarsus has 1-2 irregular rows of spines on first tarsomere and
two spines on second tarsomere; face hourglass shaped……….........H. gardneri sp. nov.

4. Hind femur with one row of posteroventral bristles running length of femur and one
short row of posteroventral bristles proximal to trochanter; first hind tarsomere with two
spines, one proximal to tibia, one proximal to second tarsomere……...H. exastis sp. nov.
-

Hind femur with one row of posteroventral bristles; first hind tarsomere with short,
irregular row of spines………………...…………………...…....H. angustifacies sp. nov.

5. Face shaped like an inverted triangle; palpi simple…………………...………………….6
-

Face shaped like a pentagonal shield; palpus highly modified into forked appendage
inserted high on face ……………………………………............H. ignotopalpus sp. nov.

6. Hind femur with a single row of posteroventral spines……………...…………………...7

66

-

Hind femur with two rows of posteroventral spines; hindlegs black with yellow
articulations between the trochanter, femur, and tibia …..…..…H. flaviarticulus sp. nov.

7. Palpus with a single preapical seta; hypandrium reduced to a small irregular triangleshaped plate................................................................................…...H. triangulus sp. nov.
-

Palpus with a single preapical seta and a single medially lateral seta..................................
……………….......................…………………...…..……….H. fianarantsoensis sp. nov.

DNA Barcoding
10 barcodes were obtained from over 90 flies extracted for DNA. Material was
extracted from males and females of Hybos, Syndyas, and Syneches collected from 2001 to
2006 to ensure a broad range of specimens were sampled. Three of the eight new species of
Hybos described above returned good sequence (H. fianrantsoensis sp. nov., H.
angustifacies sp. nov., and H. ignotopalpus sp. nov.). Additionally, all four specimens of
Syndyas yielded good sequences and were easily aligned to each other and to a reference
sequence. No barcode sequences were obtained from any specimens of Syneches. Sequence
divergence among species was quantified using Paup*4.0 and graphically displayed in a
neighbor-joining (NJ) tree (Figure 32). Genetic distances between the sequences are
displayed in a pairwise distance matrix (Table 2). The short distances (<0.01) observed
between each of the four sequences of H. ignotopalpus sp. nov. support the morphological
determination that H. ignotopalpus sp. nov. is a species unique from other Malagasy Hybos.
Additionally, the short distances (<0.013) observed between each of the sequences of
Syndyas suggest a single species within the specimens of Syndyas collected from
Madagascar. The placement of H. fianarantsoensis sp. nov. as sister to H. ignotopalpus sp.
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nov. is also supported by morphology—both species have a reduced hypandrium fused to
the ventral epandrial lobe. H. angustifacies sp. nov. does not have a reduced hypandrium, a
feature separating it from H. fianarantsoensis sp. nov. and H. ignotopalpus sp. nov. This
arrangement is supported by the placement of H. angustifacies sp. nov. on the tree and by
the larger distances (>0.1) observed between H. angustifacies sp. nov. and the other
sequenced Hybos species. All barcodes will be submitted to the CBOL barcode library upon
publication.
Syndyas1

Syndyas2

Syndyas3

Syndyas4

H angustifacies

H fianarantsoensis

H ignotopalpus

H ignotopalpus

H ignotopalpus

H ignotopalpus
0.01 substitutions/site

Figure 32. Species-level resolution of COI barcodes for Hybos sp. nov. Phylogram
calculated by neighbor-joining on uncorrected pairwise distances in Paup*4.0.
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Table 2. Uncorrected pairwise distances among Malagasy Hybos COI barcode sequences.
Species
H. ignotopalpus
H. ignotopalpus
H. ignotopalpus
H. fianarantsoensis
H. angustifacies
H. ignotopalpus
Syndyas1
Syndyas2
Syndyas3
Syndyas4

1
—
0.00965
0.00000
0.17171
0.11408
0.00216
0.12526
0.12537
0.12248
0.12248

2
—
—
0.00803
0.18197
0.11651
0.00967
0.13105
0.12596
0.12556
0.12556

3
—
—
—
0.17903
0.11536
0.00162
0.13258
0.12895
0.12689
0.12689

4
—
—
—
—
0.17431
0.18407
0.16972
0.17039
0.16784
0.16784

5
—
—
—
—
—
0.11568
0.06007
0.06014
0.06007
0.06007
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6
—
—
—
—
—
—
0.13509
0.13143
0.12936
0.12936

7
—
—
—
—
—
—
—
0.00924
0.01231
0.00920

8
—
—
—
—
—
—
—
—
0.00613
0.00306

9
—
—
—
—
—
—
—
—
—
0.00305

10
—
—
—
—
—
—
—
—
—
—

DISCUSSION
The eight new species I described for this project only mark the beginning of new
Empidoidea diversity to be revealed from Madagascar. Within these new species, I noted
some characteristics that are common across most species of Hybos (i.e. tarsal spines)
(Chvála 1983) and others that have never been described before (i.e. modified palpi). Four
of the news species (H. flaviarticulus sp. nov., H. fianarantsoensis sp. nov., H. triangulus
sp. nov., H. ignotopalpus sp. nov.) exhibit a reduction in the hypandrium to a small plate
which is fused to the ventral epandrial lobe, a characteristic unique to the Madagascar
Hybos. The hypandrium of the other four species (H. gardneri sp. nov., H. verykoukisorum
sp. nov., H. exastis sp. nov., and H. angustifacies sp. nov.) is much larger and fits tightly
between the dorsal and ventral epandrial lobes, a characteristic common in many Hybos
worldwide.
The new species with the most interesting morphological trait is H. ignotopalpus sp.
nov. which has highly modified branched palpi positioned midway between the antennae
and the proboscis on the face. This characteristic is unique and is not seen in any other
species of Hybos in the world. The mouthparts may factor into the sexual selection of the
species, or they may serve a sensory purpose. However, the females of this species (which
were matched to the males based on collecting events not shared with any other flies) do not
exhibit the modified palpus, which suggests the palpi play a role in sexual selection. While
not noted in the species description, there is some variation in the size and shape of the
aedeagus of H. ignotopalpus sp. nov. Future studies may reveal this fly to be part of a
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species complex with morphological differences only being revealed through further
dissection of the genitalia.
In addition to describing eight new species of Hybos, I also sorted all specimens of
Syndyas, Syneches, and Chillcottomyia to morphospecies; however, they remain
undescribed. Before making the decision to study the hybotines, I sorted all of the
Empidinae (Empis) to morphospecies and estimated 85 new species from Madagascar.
These flies have since been handed over to another fly systematist for analysis. There are
still thousands of Hemerodromiinae (Chelifera and Hemerodromia) and Tachydromiinae
(Elaphropeza, Platypalpus, Crossopalpus, Drapetis, and Tachyempis) to be described that,
to date, have only been sorted to genera.
While each of the eight new species of Hybos were sequenced for mtCOI, only three
returned sequences strong enough to be analyzed using distance-based methods. The four
specimens of Syndyas which also returned good sequences were set as outgroups for the
three Malagasy Hybos species. The NJ tree supports the species determinations from the
morphological analysis (Figure 32). The four sampled specimens of H. ignotopalpus sp.
nov. form a group on the tree, and short pairwise distances (<0.01) observed between each
of the specimens supports a single species morphological determination. I predicted H.
fianarantsoensis sp. nov. would be placed between H. ignotopalpus sp. nov. and H.
angustifacies sp. nov. on the tree on the basis of a shared reduced hypandrium fused to the
ventral lobe with H. ignotopalpus sp. nov., but not with H. angustifacies sp. nov. This
prediction is supported by the NJ tree which places H. fianarantsoensis sp. nov. as sister to
H. ignotopalpus sp. nov. and H. angustifacies sp. nov. as sister to both (Figure 32). In
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addition to the topological support provided by the NJ tree, the distances in the uncorrected
pairwise distance matrix numerically support the hypothesis (Table 2). There is only about
a 0.004 difference in the distances between H. fianarantsoensis sp. nov. and H.
angustifacies sp. nov. (0.15476) and H. fianarantsoensis sp. nov. and H. ignotopalpus sp.
nov. (0.15886 [average of the four pairwise distances]).
While I was able to obtain barcodes for three species of Malagasy Hybos, five of the
new species provided no usable CO1 sequence data. I had difficulty amplifying the DNA,
and as a result there were only a few specimens with a strong enough signal during the gel
electrophoresis to be fully sequenced. Additionally, many of the sequences returned
contained too many ambiguities and had to be discarded. Even in cases where an entire fly
was extracted for DNA, amplification proved challenging.
Many of the specimens were collected almost a decade ago; perhaps the DNA simply
degraded over time despite efforts to store the specimens properly. Interestingly, all
specimens of Syndyas sequenced were collected in 2006 or later; the relatively short interval
between collection and extraction may have contributed to our success in obtaining good
barcode sequences. Researchers have shown that short barcodes can be obtained from
degraded DNA, but this is useful only when an existing complete barcode is already in the
barcode library (Hajibabaei et al. 2006). Since the Madagascar flies are all new species, this
method is not possible for this project.
If more flies could be collected from Madagascar and then sequenced shortly after
being collected, then better conclusions could be drawn concerning the genetic divergence
of the Madagascar hybotines and specifically Hybos. I expect that DNA barcoding will
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reveal H. ignotopalpus sp. nov. to be part of a larger species complex. Had the DNA of
most material not been degraded, barcoding could have been used to sort the flies into
“species units” which would have vastly cut down on the amount of time consumed when
sorting the flies to potential species based solely on morphology.
This project provided a first look at the biodiversity of Empidoidea in one of the
worlds “hottest” hotspots, Madagascar. There are still hundreds more empidoid species to
be described and with further collection in Madagascar and continued investigation through
traditional taxonomy and modern methods such as DNA barcoding, I believe new patterns
of diversification will be revealed.
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