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A B S T R A C T

Mathis, Wayne N., and Tadeusz Zatwarnicki. A Phylogenetic Study of the Tribe Dryxini Zat-
warnicki (Diptera: Ephydridae). Smithsonian Contributions to Zoology, number 617, 101
pages, 154 figures, 2 tables, 2002.—The shore-fly tribe Dryxini is revised, including a cladistic
analysis at the generic level, and now includes eight genera. Two of the genera, Omyxa and
Papuama, are new, as are their respective type species. Of the remaining six genera, the spe-
cies are revised for Dryxo Robineau-Desvoidy, Corythophora Loew, Oedenops Becker, and the
subgenus Phaiosterna Cresson of the genus Paralimna Loew. In addition, the species of Afro-
limna Cogan, Oedenopiforma Cogan, and the limbata group (Paralimna) are reviewed. This
study revealed the following synonyms: two genus-group names: Karema Cresson
(1929) =Corythophora Loew (1862), and Cyphops Jaennicke (1867) =Dryxo Robineau-Des-
voidy (1830); and seven species-group names: Karema loewella Cresson (1929) =Corytho-
phora longipes Loew (1862), Cyphops fasciatus Jaennicke (1867) and Dryxo spreta Osten
Sacken (1882) =Dryxo lispoidea Robineau-Desvoidy (1830), Paralimna ligabuei Canzoneri
(1987) ^Paralimna madecassa Giordani Soika (1956), Oedenops aurantiacus Giordani Soika
(1956) and Oedenops flavitarsis Miyagi (1977) =Oedenops isis Becker (1903), and Paral-
imna {Phaiosterna) vidua Giordani Soika (1956a) =Ephydra bicolor Macquart (1851). Six
new species are described in four genera (type locality in parentheses): Dryxo brahma (Sri
Lanka. Colombo: Negombo), D. freidbergi (Cameroon. Kribi (beach), Rt. N7), D. india (India.
Nedungadu), Omyxa scuta (Iran. 40 km SE Minab), Paralimna (Phaiosterna) longiseta
(Dominican Republic. Azua: near Pueblo Viejo (18°24.8'N, 70°44.7'W)), and Papuama
ismayi (Papua New Guinea. Central Province: Daramouka Village).

The cladistic analysis was based on 45 morphological characters and resulted in nine most
parsimonious cladograms of 55 steps with consistency and retention indices of 0.83 and 0.83,
respectively. The tribe is divided into four basal sublineages in the strict consensus cladogram.
The first sublineage comprises a single genus (number of species indicated in parentheses),
Afrolimna (2), which is Afrotropical in distribution. The second sublineage likewise includes a
single genus, Paralimna (>85), including Phaiosterna as a subgenus. Paralimna currently has
greater species diversity than the rest of the tribe combined; it is pantropical, with numerous
species ranging into subtropical regions. The third sublineage comprises three genera: Dryxo
(9), Corythophora (2), and Omyxa (1), with Corythophora as the sister group to Dryxo and
Omyxa. Genera of this sublineage occur only in the Old World, with greatest species diversity
in Africa. The three genera of the fourth sublineage are Papuama (2), Oedenops (3), and Oede-
nopiforma (3). In this sublineage, Papuama is the sister group to Oedenops and Oedenopi-
forma. Oedenops is also pantropical and subtropical in distribution, but Papuama occurs in the
Australasian/Oceanian and Oriental regions, and Oedenopiforma occurs in the Old World, pri-
marily Africa and Australia.
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FIGURE 1.—Frontispiece of Dryxo brahma, new species (Kadaimparu. Sri Lanka, $).
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(Diptera: Ephydridae)
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Introduction

Like other tribes of the shore-fly family Ephydridae, Dryxini
Zatwarnicki occurs in both the Old and New Worlds, and a few
of the included genera, such as Paralimna Loew and Oedenops
Becker, are equally widespread. Most genera of Dryxini, how-
ever, are found only in the Old World, and the Afrotropical Re-
gion is especially rich in genera and species. Conversely, no
genus of this tribe occurs exclusively in the New World, even
at the subgeneric level.

Despite being relatively widespread, comparatively diverse,
and often abundant, there are no studies on the phylogenetic re-
lationships within the tribe, and most of the included genera
have never been revised. To remedy in part this gap in our un-
derstanding, we initiated this phylogenetic study of Dryxini.
Our objectives are to provide a phylogeny and classification at
the generic level and to present species revisions for Dryxo
Robineau-Desvoidy, Corythophora Loew, Oedenops, and the
subgenus Phaiosterna Cresson of the genus Paralimna. The
species of Afrolimna Cogan and Oedenopiforma Cogan, and of
the limbata group {Paralimna), are also reviewed.

Wayne N. Mathis, Department of Entomology, National Museum of
Natural History, Smithsonian Institution, Washington, DC 20560-
0169, USA. Tadeusz Zatwarnicki, Department of Zoology, University
of Agriculture, ul. Cybulskiego 20, 50-205 Wroclaw, Poland.
Review Chairperson: John M. Burns, Department of Entomology,
National Museum of Natural History, Smithsonian Institution, Wash-
ington, DC. 20560-0169, USA.

Reviewers: Philip J. Clausen, Department of Entomology, University
of Minnesota, St. Paul. Minnesota 55018, USA. Stephen D. Gaimari,
Department of Entomology, National Museum of Natural History,
Smithsonian Institution, Washington, DC 20560-0169, USA. Allen L.
Norrbom, Systematic Entomology Laboratory/USD A, c/o Smithsonian
Institution, Washington, DC 20560-0168, USA.

The origin of a taxon is not always reliably indicated by its
present diversity and/or abundance, and classifications that are
not based on phylogenetic relationships can likewise be mis-
leading. Thus, conducting research on the phylogeny of Dryx-
ini has applications that transcend simply knowing the rela-
tionships among the component lineages or providing the basis
for a classification that facilitates the storage and retrieval of
information.

Dryxini, which Zatwarnicki (1992) first proposed, is the
most recent tribe in the nomenclatural history of shore flies. It
comprises all the taxa formerly included in the tribe Notiphilini
Bigot, with the exception of the genus Notiphila Fallen. In the
most recent world catalog of shore flies (Mathis and Zatwar-
nicki, 1995), five genera and 101 species were included in
Dryxini, with the vast majority, more than 85 species, being in
the genus Paralimna. Although Dryxini is moderately diverse,
we know that Paralimna alone is far richer in species than
present numbers would indicate. Here we describe six new spe-
cies, three in Dryxo, one in Omyxa, one in Paralimna
{Phaiosterna), and one in Papuama. Two of these genera,
Omyxa and Papuama, are also newly described.

Genera that are revised at the species level are provided
with a "Historical Review" as a subsection under the generic
treatment.

METHODS.—The descriptive terminology, with the excep-
tions noted in Mathis (1986), Mathis and Zatwarnicki (1990a),
and below, follows that published in the Manual of Nearctic
Diptera (MeAlpine, 1981). Although many specimens of
Dryxini are among the largest in the Ephydridae, study and il-
lustration of the male terminalia required use of a compound
microscope. For most structures of the male terminalia, we
have followed the terminology used by other workers in Ephy-
dridae (see references in Mathis, 1986, and Mathis and Zatwar-
nicki, 1990a, 1990b), for example, the terminology for sursty-
lus, which in Dryxini is divided into a presurstylus (surstylus)
and a postsurstylus (clasper). Zatwarnicki (1996) has suggested
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that these structures correspond with the pregonostylus and the
postgonostylus and that the subepandrial plate is the same as
the medandrium. The terminology for structures of the male
terminalia is provided directly on Figures 6-8 and is not re-
peated for comparable illustrations of other species.

Alternative spellings for some localities are cited in paren-
thesis, especially for locality names that were transliterated into
English. States of the United States in the "Distributions" sec-
tions are abbreviated as follows: AK=Arkansas, AZ=Arizona,
CA=California, FL=Florida, GA=Georgia, IA=Iowa,
IL=Illinois, LA=Louisiana, MO=Missouri, MS=Mississippi,
NJ=New Jersey, OK=Oklahoma, TN=Tennessee, TX=Texas,
UT=Utah.

The species descriptions are composite and are not based
solely on the holotypes. Four head and two venational ratios
used in the descriptions are defined below (all ratios are aver-
ages of three specimens (the largest, the smallest, and one
other)).

1. Frons width-to-length ratio is the frons width divided by the
frons length. Length is measured from the anterior margin
of the frons to the posterior margin of the posterior ocelli;
width is measured at the level of the anterior ocellus.

2. Face width-to-height ratio is the narrowest width between
the eyes, divided by the facial height.

3. Gena-to-eye ratio is the genal height measured at the maxi-
mum eye height, divided by the eye height.

4. Eye width-to-height ratio is the eye width divided by the
eye height, where both measurements are the longest dis-
tances taken with the eye oriented laterally.

5. Costal-vein ratio is the straight-line distance between the
apices of veins R2+3 and R4+5 divided by the distance be-
tween the apices of veins Rj and R2+3-

6. M-vein ratio is the straight-line distance along vein M be-
tween crossvein dm-cu and r-m, divided by the distance api-
cad of crossvein dm-cu.

The phylogenetic analysis was performed with the assis-
tance of Hennig86°, a computerized algorithm that produces
cladograms by parsimony. Character data were polarized pri-
marily using outgroup procedures. We did not include autapo-
morphies in the cladistic analysis (they were made inactive)
because that would have skewed the consistency and retention
indices, but we listed them on the cladogram and included
them as part of generic treatments and phylogenetic consider-
ations to document the monophyly of the lineages, particularly
at the generic level.
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System atics

Tribe DRYXIM Zatwarnicki

Dryxini Zatwarnicki, 1992:85 [type genus: Dryxo Robineau-Desvoidy,
1830].—Mathis and Zatwarnicki, 1995:115-127 [world catalog].

DIAGNOSIS.—Dryxini is the sister group of Notiphilini, and
the tribe is distinguished from Notiphilini and other shore-fly
tribes by the following combination of characters: ocellar seta
stronger than the weak pseudopostocellar seta; reclinate fronto-
orbital seta well developed, proclinate setae reduced or lacking;
eye appearing bare; face wide, transversely arched, and gener-
ally projected anteriorly; facial setae in 1 or 2 serial rows run-
ning more or less parallel to parafacial; gena high (secondarily
short in some species); subcranial cavity moderately large and
cavernous; dorsocentral setae 4 (1+3; secondarily reduced in
some genera of Dryxini (Corythophora, Dryxo, and Omyxd) (3
setae in Notiphilini, 1+2; a synapomorphy for Notiphilini);
prescutellar acrostichal setae present, well developed; postsu-
tural supra-alar setae strong, longer than posterior notopleural

seta; posterior notopleural seta at same level as anterior seta;
ventral anepisternal seta elongate, twice length of dorsal seta (a
synapomorphy for Notiphilini+Dryxini); costa elongate, ex-
tended to vein M (costa short, extended only to vein R4+5 in
Notiphilini; a synapomorphy for Notiphilini); midtibia with
prominent, erect, extensor setae on dorsal surface (a synapo-
morphy for Notiphilini+Dryxini); abdominal tergites fasciate
(a synapomorphy for Notiphilini+Dryxini); male terminalia
with surstylus divided into presurstylus (surstylus) and postsur-
stylus (clasper); presurstylus with apex angulate and bifurcate;
subepandrial plate reduced (a synapomorphy for Notiphilini+
Dryxini); pre- and postgonite reduced and/or lacking (structure
remaining may represent fused and/or reduced pre- and post-
gonite); and hypandrium connected basally with postsurstylus,
not with epandrium.

DESCRIPTION.—Small to very large shore flies of the sub-
family Hydrelliinae, body length 1.65-11.20 mm, general body
facies robust.

Head: Fronto-orbital setae reclinate and/or proclinate;
reclinate fronto-orbital seta 1, well developed, inserted me-
diad of proclinate setulae; proclinate fronto-orbital setae mod-
erately to greatly reduced, usually 2, inserted laterad of recli-
nate seta or lacking; pseudopostocellar seta greatly reduced or
lacking, divergent to widely divergent if present; both inner
and outer vertical setae usually well developed, sometimes in-
ner vertical weakly developed; ocellar seta stronger than
weakly developed pseudopostocellar seta. Pedicel lacking
prominent, elongate setae; arista bearing numerous long, dor-
sally projected, hair-like branches. Face wide, transversely
arched, usually projected anteriorly from antennal base; ven-
tral facial margin flat or very shallowly emarginate; facial se-
tae, if present, inserted near lateral margins, usually in vertical
series somewhat parallel with parafacial setae, setae inclinate,
frequently reduced in size or lacking; clypeus short, wide,
band-like. Eye round to slightly oval with slight to conspicu-
ous oblique orientation; appearing bare of interfacetal setulae.
(We have discovered, using scanning electron microscopy,
that most if not all shore flies have at least some interfacetal
setulae.) Gena high; genal seta frequently reduced in size, in-
serted near ventral margin; subcranial cavity moderately large
and cavernous.

Thorax: Acrostichal setae generally reduced, sometimes
lacking, in 2-8 regular or irregular rows if present; only pre-
scutellar acrostichal setae well developed, insertion moder-
ately widely apart; dorsocentral setae usually 4 (1+3), ante-
rior setae sometimes lost secondarily, leaving 1 posterior seta;
posteriormost dorsocentral seta inserted laterad of alignment
of dorsocentral track; presutural supra-alar seta usually
present (secondarily lost in Corythophora, Dryxo, and
Omyxa); postsutural supra-alar seta usually present, well de-
veloped (secondarily lost in Dryxo freidbergi (described
herein) and Papuama ismayi (described herein)); postalar seta
1, well developed; scutellum with 2 setae inserted along lat-
eral margins; disc of scutellum with few to numerous setulae;
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postpronotal seta 1 or 2, sometimes lost secondarily {Dryxo uama). Male terminalia: epandrium inverted U-shaped; presur-
margaretae Cogan, D. digna Osten Sacken, D. lispoidea Rob- stylus lobate or L-shaped; postsurstylus setulose with apex bent
ineau-Desvoidy, and Omyxa (described herein)), larger seta and bifurcate; subepandrial plate reduced; pregonite and post-
posteroclinate, 2nd seta, if present, shorter, inclinate; no- gonite reduced and/or lacking (remaining structure, which may
topleural setae usually 2 (secondarily reduced to 1 in Corytho- be a composite of pre- and postgonites, termed a gonite); hy-
phora, Dryxo, and Omyxa), posterior seta at same level as an- pandrium frequently concave, connected basally with postsur-
terior seta; anepisternum usually with 2 large setae along stylus, not epandrium.
posterior margin, ventral seta usually elongate, sometimes DISCUSSION.—In addition to the synapomorphies listed ear-
twice length of dorsal seta, extended posteriorly to level of Her (see tribal diagnosis) and those in the "Phylogenetic Con-
halter (dorsal seta secondarily reduced or lacking in Corytho- siderations" section (beginning on page 94) that indicate a sis-
phora and in some species of Dryxo). Wing generally hyaline ter-group relationship for Dryxini and Notiphilini, Dryxini is
to faintly infuscate, patterned in some species of Paralimna; further characterized by the following autapomorphies that es-
costal vein elongate, extended to vein M; vein R2+3 long, ex- tablish the monophyly of the tribe: (1) gena high (secondarily
tended past midpoint of 2nd costal section. Midtibia with 1-4 short in some species of Paralimna); (2) face wide, trans-
prominent, erect, extensor setae along dorsal surface; tarsal versely arched, and generally projected anteriorly; (3) male
claws regularly developed, relatively short, shallowly curved; terminalia with surstylus divided into a presurstylus (surstylus)
pulvillar pads present, normally developed. Halter generally and a postsurstylus (clasper); presurstylus with apex angulate
whitish yellow. and bifurcate; (4) pregonite and postgonite reduced and/or

Abdomen: Tergites usually with fasciate pattern (second- lacking; (5) hypandrium connected basally with postsurstylus,
arily unicolorous in Oedenops, Oedenopiforma, and Pap- not with epandrium.

Key to Genera of DRYXINI

1. Notopleuron bearing 1 large seta [Figures 1, 19]; presutural supra-alar seta lacking
[Figures 19, 47]; mid- and hindfemora moderately long to very long, subequal to
abdomen length [Figure 1] 2

Notopleuron bearing 2 setae [Figure 5]; presutural supra-alar seta usually present [Fig-
ures 81, 92, 118] (lacking in Papuama and in one species of Oedenops); mid- and
hindfemora normally developed, much shorter than abdomen 4

2. Ocellar seta present, although short, inserted slightly in front of anterior ocellus [Fig-
ures 17, 18]; reclinate fronto-orbital seta present [Figure 18]; anepisternum bearing
1 well-developed seta along posterior margin; vein Rj bare along dorsum; R stem
vein lacking setulae; crossvein dm-cu normally developed, nearly straight, forming
acute inner angle with vein M (southern Afrotropical) Corythophora Loew

Ocellar seta lacking [Figures 45, 46]; reclinate fronto-orbital seta lacking [Figure 46];
anepisternum bearing 2 or 3 thin, long, hair-like setae along posterior margin; vein
Rl bearing several setulae along dorsum; R stem vein basad of humeral crossvein
bearing several pale, thin setulae on ventral surface; crossvein dm-cu moderately
long to long, sinuous 3

3. Arista bearing 7-9 long dorsal hairs [Figures 54, 55]; katepisternum lacking row of
slender setae along dorsal margin, and katepisternal seta reduced; crossvein dm-cu
shallowly sinuous, generally forming angle with adjacent margin of wing; mid- and
hindfemora normally developed, much shorter than length of abdomen (India, Iran,
Oman) Omyxa, new genus

Arista bearing 12 or more long dorsal hairs [Figures 45, 46]; katepisternum bearing
row of slender setae near dorsal margin, and katepisternal seta usually well devel-
oped (secondarily reduced or absent in some species); crossvein dm-cu sinuous,
long, generally running parallel with adjacent margin of wing; mid- and hindfemora
elongate, subequal to length of abdomen (Afrotropical, Australian, Oriental)

Dryxo Robineau-Desvoidy
4. Katepisternal seta absent or very weakly developed 5

Katepisternal seta present, usually well developed (sometimes pale) 6
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5. Arista bearing 3-5 hairs [Figure 80] (Afrotropical, Australian (Queensland), Nearctic
(southern), Neotropical, Oriental, Palearctic (Egypt, Israel, Japan))

Oedenops Becker
Arista bearing 8 or more hairs (Australasian, Oriental) Papuama, new genus

6. Long facial setae 2 or 3, length subequal to combined length of pedicel and 1st flagel-
lomere, if 2 setae, these well separated, dorsal seta at about midheight, ventral seta
closer to oral margin than to dorsal seta. R stem vein bearing 1-3 (usually 2) setulae
on dorsum (Afrotropical, Australian, Oriental) Oedenopiforma Cogan

Long facial seta 1 (if other long setae present, setae not as long or as separated as
above, these usually arranged in a somewhat vertical series of short setulae). R stem
vein lacking setulae 7

7. Forefemur lacking row of closely set, very short, somewhat blunt, tooth-like spines
along anteroventral surface; anterior proclinate fronto-orbital seta larger than poste-
rior seta; face, gena, anepisternum, anterior surface of tibiae, and basolateral surface
of scutellum not silvery microtomentose as in combination below; forefemur lack-
ing long setae or setae not as below (pantropical with occasional extensions into
temperate zone) Paralimna Loew

Forefemur bearing anteroventral row of very short, stout, tooth-like setae; proclinate fr-
onto-orbital setae greatly reduced and subequal, setula-like; face, gena, anepister-
num, anterior surface of tibiae, and basolateral surface of scutellum densely, silvery
microtomentose; forefemur bearing 4 or 5 long setae along apical V2 of posteroven-
tral surface, length approaching twice width of femur (Afrotropical)

Afrolimna Cogan

Genus Afrolimna Cogan, new status

Afrolimna Cogan, 1968:322 [as a subgenus of Paralimna; type species: Para-
limna carolinika Cogan, 1968, original designation].—Cogan, 1980:662
[Afrotropical catalog].—Mathis and Zatwarnicki, 1995:118 [world catalog].

DIAGNOSIS.—This genus is distinguished from other genera
of Dryxini by the following combination of characters: gena
high, height about V3 or more or eye height; 1st fiagellomere
short, length at most 1.5 times width; face, gena, anepister-
num, anterior surface of tibiae, and basolateral surface of
scutellum densely, silvery microtomentose; forefemur bearing
4 or 5 long setae on apical V2 of posteroventral surface, their
length approaching twice width of femur; forefemur of both
sexes bearing row of short, tooth-like setulae apically along
anteroventral surface (very inconspicuous in A. keiseri
(Cogan)); male terminalia (Figures 6-8) with presurstylus an-
gulate, elbowed in posterior view; aedeagal apodeme in lateral
view with prominent, distinctive, broad keel and long, nearly
parallel-sided medial projection; and hypandrium angulate in
lateral view.

DESCRIPTION.—Medium-sized to moderately large shore
flies, body length 3.40-4.30 mm.

Head (Figures 3, 4): Frons shallowly arched anteroven-
trally, not projected forward, sparsely setulose; ocelli in equi-
lateral triangle; both inner and outer vertical setae well devel-
oped; reclinate fronto-orbital seta, ocellar seta, and para-
vertical seta well developed; proclinate fronto-orbital setae 2,
anterior seta much better developed, subequal to posterior no-
topleural seta, posterior seta much reduced, setula-like. First

flagellomere moderately broadly rounded; arista bearing 13 or
14 long hairs along length of dorsal surface. Face usually bear-
ing 1 moderately well-developed facial seta and series of
smaller setae or setulae ventrad. Parafacial at anterior margin
of eye narrow, width much less than length of 1st flagellomere.
Gena moderately high, height slightly greater than height of
1 st flagellomere.

Thorax (Figure 5): Dorsocentral setae 4 (1 +3 or 2+2),
well developed, 2nd seta near or at transverse suture, posterior
pair displaced laterally; only prescutellar acrostichal seta well
developed and well separated, other acrostichal setulae incon-
spicuous, in numerous irregular rows; presutural supra-alar
seta well developed, subequal in length to anterior dorsocen-
tral seta; postpronotal seta well developed; notopleural setae 2,
posterior seta much shorter, about V2 length of anterior seta;
anepisternum bearing 2 large setae along posterior margin,
dorsal seta shorter, sometimes up to V2 length of ventral seta;
katepisternal seta well developed. Posterior margin of scutel-
lum truncate, nearly flat. R stem vein lacking setulae; cross-
vein dm-cu regularly developed, nearly straight, about 3 times
longer than apical section of vein CuA], and at distinct angle
with posterior margin of wing. Forefemur bearing comb-like
row of very short, stout, spine-like setulae along apical V2 of
anteroventral surface (very inconspicuous in A. keiseri);
foretibia of male lacking several long, slender setae at apex on
ventral surface; forebasitarsus lacking row of long, slender,
pale setulae inserted along anterior surface; midtibia with 3
dorsal extensor setae (subapically, subbasally, and near mid-


