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Phylogeny and classification of the Baetodes complex
(Ephemeroptera:Baetidae), with description of a new genus

C. R. LuGO-Ort1z AND W. P. MCCAFFERTY
Department of Entomology, Purdue University, West Lafayette, Indiana 47907 USA

Abstract. The Baetodes complex is a distinct, monophyletic grouping of Neotropical and south-
western North American baetine (Ephemeroptera:Baetidae) genera having subapical setae on the
lateral margin of the tarsal claws of the larvae and a distinct distomedial projection on the basal
segment of the genital forceps of male adults. The complex comprises Moribaetis sensu stricto, May-
obaetis new status, Prebaetodes new genus, and Baetodes. Moribaetis is the most plesiotypic lineage, and
its larvae have autapomorphic labral and frontal interantennal character states. Mayobaetis shares
synapomorphies involving antennal and paraproct armature with Prebaetodes and Baetodes, and its
larvae have autapomorphic antennal and cerci character states. Prebaetodes and Baetodes are sister
lineages sharing numerous synapomorphies, some of which appear associated with the evolution of
more specialized larval clinging behavior in torrential habitats. Prebaetodes is morphologically inter-
mediate between the more plesiomorphic Mayobaetis and the apotypic Baetodes, and its larvae have
autapomorphic labral and mandibular character states. Larvae of Baetodes have autapomorphic gill
and median caudal filament character states. Within the construct of a strict phylogenetic classifica-
tion, the generic concept of Moribaetis is restricted, and Mayobaetis, formerly a subgenus of Moribaetis,
is elevated to generic rank. Prebaetodes and its type species, P. sitesi new species, are described from
larvae from Colombia and Ecuador. A generic key to the larvae of the Baetodes complex is provided.
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Needham and Murphy (1924) erected the ge-
nus Baetodes (Ephemeroptera:Baetidae) for B.
serratus Needham and Murphy, a Brazilian spe-
cies described from larvae only. They consid-
ered the genus distinctive because of the pres-
ence of elongate legs, ventrally oriented gills on
abdominal segments 1-5, and tergal tubercles.
Subsequent work in the Neotropics and south-
western North America dealing with the 30
nominal species now recognized in Baetodes
(Mayo 1968, 1972, 1973, Koss 1972, Cohen and
Allen 1978, McCafferty and Provonsha 1993,
Lugo-Ortiz and McCafferty 1995) has demon-
strated that the morphology of the legs and the
arrangement of the gills are consistent within
the genus, but that the shape and number of the
tergal tubercles are highly variable.

Although larvae of Baetodes are distinctive,
adults of the genus are less understood. Traver
(1943) described the first adults based on B. spi-
nifer Traver. Her generic assignment of this spe-
cies was tenuous because it was based on lim-
ited material that had not been reared from
known larvae. Koss (1972) described adults
from reared larvae of B. edmundsi Koss, and con-
sidered the expanded anal region in the fore-
wings to be diagnostic of the genus. Based on

rearing of additional species of Baetodes, Flowers
(1987) confirmed Traver’s (1943) original assign-
ment of adults. He indicated that a distomedial
process of the basal segment of the genital for-
ceps and an elongate foretibiae of male adults,
along with a poorly developed metanotum, are
generic characteristics, but that the expanded
anal region of the forewings is not.

Gillies (1991) restricted the concept of the
subfamily Baetinae of the family Baetidae to in-
clude only those taxa that have double marginal
intercalaries in the forewings. Based on the pos-
session of this characteristic, Baetodes is now
considered to belong to Baetinae. Other than
this characteristic, the relationships of Baetodes
have remained an anomaly because of its un-
usual larvae. The only previous information
having any possible phylogenetic consequence
was the suggestion by McCafferty et al. (1992)
that Baetodes was probably related to the Neo-
tropical genus Moribaetis Waltz and McCafferty.
McCafferty et al. (1992) also suggested that the
subgenus Mayobaetis Waltz and McCafferty of
Moribaetis probably deserved generic rank be-
cause it appeared to be more closely related to
Baetodes than to Moribaetis sensu stricto. How-
ever, no supporting phylogenetic data were giv-
en.
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While recently engaged in an intensive study
of the Baetidae of South America, we discovered
a new taxon from the highlands of Colombia
and Ecuador whose larvae are morphologically
intermediate between Mayobaetis and Baetodes,
and therefore potentially the phylogenetic
“missing link”” that might tie Baetodes to other
Baetinae. This discovery prompted us to under-
take a formal cladistic analysis of the taxonomic
species groups that were potentially related, i.e.,
Baetodes, Moribaetis (Moribaetis), Moribaetis (May-
obaetis), and the newly discovered taxon. We
were able to demonstrate that the grouping is
monophyletic (see below), and we refer to it as
the Baetodes complex.

Elucidation of the phylogeny of the. Baetodes
complex is important because it provides an ob-
jective basis for any necessary revision of higher
classification, which in Ephemeroptera should
be based on strict phylogenetic constraints as
recommended by McCafferty (1991). Only re-
cently has there been a concerted effort to re-
place old classificatory schemes in Ephemerop-
tera based on subjective phenetic criteria with
consistent phylogenetic criteria. In Baetidae, in
particular, the subjective use of differential char-
acter gaps in larval and adult stages has result-
ed in the proposed lumping of many genera
(e.g., Novikova and Kluge 1987, Kluge 1992a,
1992b) that potentially masks detailed genealog-
ical relationships of the taxa involved and thus
any other biological information that may be in-
herent in discrete phyletic lineages. McCafferty
and Wang (1994) argued against such lumping
of genera prior to phylogenetic analysis because
they are often monophyletic species groups that
serve as the initial taxonomic units for cladistic
study (e.g., McCafferty and Waltz 1990, 1995).

Deposition of the material examined in this
study is variously noted as the entomological col-
lection of Florida A&M University (FAMU), Tal-
lahassee; the Purdue Entomological Research
Collection (PERC), West Lafayette, Indiana; the
entomological collection of the University of Mis-
souri (UM), Columbia; and the National Museum
of Natural History (NMNH), Washington, D.C.

Taxonomy

Baetodes complex

This monophyletic group is distinguished by
the presence of subapical setae on only one lat-
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eral margin of the tarsal claws of the larvae
(Figs. 9, 15, 32, 39). These setae originate above
the apical denticle of the claws, and are distinct-
ly different from the paired subapical setae dis-
cussed by Morihara and McCafferty (1979) and
Corkum and Clifford (1981) that arise almost at
the tip of the claws in some species of Baetis
Leach. Larvae also lack the villopore (see Waltz
and McCafferty 1987: figs. 1, 2), thus separating
the group from the Baetis complex (see Waltz et
al. 1994). Known male adults possess a distinct
small distomedial projection on the basal seg-
ment of the genital forceps (Figs. 11, 17, 42).

Moribaetis Waltz and McCafferty

Moribaetis (Moribaetis) Waltz and McCafferty 1985:
243.

Diagnosis

Larvae: Antennae are more than 2.0X the
length of the head capsule (Fig. 7; see also Waltz
and McCafferty 1985: figs. 2, 3, 5), and the sub-
cylindrical scapes and pedicels (Fig. 1) lack a
dorsolateral row of setae; the lateral margins of
the frons (Fig. 7) are abbreviated and do not
reach the base of the clypeus; the labrum (Fig.
2) is somewhat narrow basally and distinctly
raised basomedially; the paraprocts (Fig. 3)
have marginal spines; and the median caudal
filament (Fig. 10) is 0.5-1.0X the length of the
cerci. Male adults: 3 longitudinal veins are pres-
ent in the hindwings, the 2nd of which is forked
(Fig. 8); and the distal segment of the genital
forceps (Fig. 11) is round and short.

Distribution

Southern Mexico, Central America, tropical
South America.
Included species

Moribaetis macaferti Waltz, M. maculipennis
(Flowers) (type species), M. salvini (Eaton).

Material examined

Moribaetis macaferti: holotype larva, Costa Rica
(PERC); larvae: Guatemala (PERC); larvae: Mex-
ico, Chiapas, Oaxaca, and Veracruz States
(PERC); M. maculipennis: larvae and male
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FiGs. 1-6. Moribaetis macaferti and Mayobaetis ellenae, larvae. 1-3.—Moribaetis macaferti: 1.—Antennal scape
and pedicel (bar = 100 pm). 2.—Labrum, dorsal (bar = 100 pm). 3.—Paraproct (bar = 100 wm). 4-6.—Mayobaetis
ellenae: 4. —Antennal scape and pedicel (bar = 100 pm). 5.—Labrum, dorsal (bar = 100 um). 6.—Paraproct (bar
= 100 pm).

adults: Costa Rica (PERC); M. salvini: larvae: flattened scapes and pedicels (Fig. 4) have
Costa Rica (PERC). scales, fine setae, scale-like tuberculations and a
dorsolateral row of long, fine, simple setae; the

Mayobaetis Waltz and McCafferty, new status lateral margins of the frons (Fig. 12) are broadly
. . . connected to the clypeus; the labrum (Fig. 5) is
Mmgaﬁ is (Maypbactis) Weltz and McCafferty 1985 somewhat basally narrow and basomedially
flattened; the paraprocts (Fig. 6) lack marginal
spines; lateral spines are present on the cerci
Larvae: Antennae are subequal to the length (Fig. 18); and the median caudal filament (Fig.
of the head capsule (Fig. 12); the dorsoventrally 16) is <0.5X but =0.25X the length of the cerci.

Diagnosis
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FiGs. 7-17.  Moribaetis spp. and Mayobaetis ellenae. 7-11.—Moribaetis spp.: 7-9.—M. salvini: 7.—Head, frontal.
8 —Hindwing. 9.—Tarsal claw, larva. 10-11. M. maculipennis: 10.—Caudal filaments, larva. 11.—Genitalia, male
adult, ventral (arrow to distomedial projection). 12-17.—Mayobaetis ellenae: 12.—Head, frontal. 13.—Hindwing.
14.—Right foreleg, larva. 15.—Tarsal claw, larva. 16.—Caudal filaments, larva. 17.—Genitalia, male adult, ven-
tral (arrow to distomedial projection).

Male adults: 2 longitudinal, unforked veins are
present in the hindwings (Fig. 13); and the dis-
tal segment of the genital forceps (Fig. 17) is
elongate and ovoid.

Distribution

Central America, tropical South America.

Included species

FiG. 18. Mayobaetis ellenae, larva: Cercus (bar = 10 Mayobaetis ellenae (Mayo) new status (type spe-
pm; lateral spines on right side). cies).



1996]

Material examined

Larva: Costa Rica (PERC); larvae: Ecuador
(UM).

Prebaetodes Lugo-Ortiz and McCafferty, new
genus

Diagnosis

Larvae: Antennal pedicels (Fig. 19) have a
dorsolateral row of long, fine, simple setae; the
labrum (Figs. 20, 21, 25) is narrow basally and
expanded laterally; the mandibles (Figs. 27, 28)
have somewhat curved lateral margins and fan-
like denticles, and the right prostheca is pointed
and medially-serrate; the hindwingpads are ru-
dimentary (Fig. 33); the legs (Fig. 31) are elon-
gate and outstretched, and the tibiae are some-
what twisted; the paraprocts (Fig. 22) lack mar-
ginal spines, but have ill-defined submarginal
spines; and the median caudal filament (Fig. 37)
is <0.25X but =0.20X the cerci length, and has
rudimentary marginal setae.

Description

Larva.—Antennal scapes and pedicels (Fig.
19) with numerous small, simple setae; dorso-
lateral row of long, fine, simple setae present on
scapes. Lateral margins of frons broadly con-
nected to clypeus (Fig. 25). Labrum (Figs. 20, 21,
25) basally narrow, laterally expanded; antero-
medial emargination shallow. Hypopharynx
(Fig. 26) with broad, somewhat rectangular lin-
gua with single distomedial projection; super-
linguae narrow and elongate. Left mandible
(Fig. 27) with incisors fused, fan-like; prostheca
with distal setae, very close to incisors; lateral
margin curved, with long, simple setae not ex-
tending beyond basal half. Right mandible (Fig.
28) with incisors fused, fan-like; prostheca
spine-like, median margin serrate; tuft of setae
at base of mola; lateral margin curved, with
long, simple setae not extending beyond basal
half. Maxillae (Fig. 29) broad, with median
hump near midregion; palps 2-segmented, ex-
tending beyond galealaciniae; galealaciniae
with elongate denticles; row of long, simple se-
tae at base of denticles, ventrally oriented. La-
bium (Fig. 30) with 3-segmented palps; palp
segment 1 as long as segments 2 and 3 com-
bined; segment 2 short, nearly half length of
segment 3, medially concave; segment 3 ellip-
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soidal; glossae broadly based, nearly 0.75X
length of paraglossae, distally round; paraglos-
sae almost rectangular, medially concave, with
long, pectinate setae ventrodistally. Legs (Fig.
31) without villopore; femora elongate, anterior
and posterior margins subparallel, distally
round; tibiae, somewhat twisted, elongate and
slender, as long as femora; tarsi slender, 0.33%
length of tibiae; tarsal claws (Fig. 32) elongate,
with one row of denticles and lateral subapical
seta. Hindwingpads rudimentary (Fig. 33). Ab-
dominal terga (Fig. 34) with scale bases and tri-
angular spination on posterior margin. Gills
(Fig. 35, 36) on abdominal segments 1-7, plate-
like, held dorsolaterally (Fig. 33); gill 1 highly
reduced. Paraprocts (Fig. 22) lack marginal
spines. Median caudal filament (Fig. 37) is
<0.25X but =0.20X length of cerci, with rudi-
mentary setation; cerci with long, simple setae
medially.
Adult —Unknown.

Etymology

Masculine, an arbitrary combination of letters
consisting of the Latin prefix pre and the generic
name Baetodes. It is an allusion to the precursor
evolutionary relationship of Prebaetodes with
Baetodes.

Distribution

Tropical South America.

Included species

Prebaetodes sitesi Lugo-Ortiz and McCafferty,
new species (type species).
Material examined

See under P, sitesi.

Prebaetodes sitesi Lugo-Ortiz and McCafferty,
new species

Diagnosis

This is the only known species of the genus.
See generic diagnosis.

Description

Larva.—Body length: 5.5-6.3 mm; caudal fil-
aments: 4.2-5.0 mm. Head (Fig. 25): Coloration
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FiGs. 19-24. Prebaetodes sitesi new species and Baetodes spp., larvae: 19-22. P. sitesi: 19.—Antennal scape and

pedicel (bar = 10 wm). 20.—Labrum, dorsal (bar =

100 pm). 21.—Labrum, ventral (bar = 100 pm). 22.—

Paraproct (bar = 10 pm). 23-24.—Baetodes spp.: 23.—B. velmae: Antennal scape and pedicel (bar = 10 pm).

24.—B. tritus: Paraproct (bar = 100 pm).

yellow-brown, clypeus and area around com-
pound eyes cream. Antennae nearly 3.0X length
of head capsule. Labrum (Figs. 20, 21, 25) with
numerous long, fine, simple setae dorsally,
forming submarginal cluster anteriorly. Hypo-
pharynx as in Fig. 26. Left mandible (Fig. 27)
with 9 denticles. Right mandible (Fig. 28) with
7 denticles. Maxillae (Fig. 29) with 4 sharp den-
ticles on galealaciniae and 5-6 long, simple se-
tae on medial hump; palp segment 1 somewhat

longer than segment 2. Labium (Fig. 30) with
glossae with scattered short, simple setae ven-
trally; paraglossae with 3 ventrodistal rows of
long, pectinate setae. Thorax: Coloration yellow-
brown, variably mottled with cream. Legs (Fig.
31) yellow-brown, with variable cream and me-
dium brown markings; femora dorsally with 9-
10 long, robust, simple setae (last 2 contiguous)
and numerous long, fine, simple setae, ventrally
with numerous short, stout, simple setae; tibiae



1996]

SYSTEMATICS OF THE BAETQDES COMPLEX

373

FiGs. 25-37.  Prebaetodes sitesi new species, larva: 25.—Head, frontal. 26.—Hypopharynx. 27.—Left mandible.
28.—Right mandible. 29.—Left maxilla. 30.—Labium (left-ventral; right-dorsal). 31.—Right foreleg. 32.—Tarsal
claw. 33.—Thorax and abdomen, lateral. 34.—Detail of tergum 4. 35.—Gill 4. 36.—Detail of gill margin. 37.—
Caudal filaments.

dorsally with 9-10 long, robust, simple setae
and numerous long, fine, simple setae, ventrally
with numerous simple setae of medium length
and short, stout, simple setae; tarsi dorsally
with numerous long, fine, simple setae; ventral-
ly with 9-10 simple setae of increasing length

and girth; tarsal claws (Fig. 32) with 8-9 denti-
cles, distal denticle largest. Abdomen (Fig. 33):
Coloration yellow-brown to medium brown; ter-
ga 9-10 usually paler than 1-8; terga 2-8 usu-
ally with pale anteromedial areas. Terga (Fig.
34) with abundant scale bases; posterior margin
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with irregular triangular spination. Sterna yel-

low-brown to medium brown. Gills (Figs. 35,

36) 1-7 marginally serrate and with fine, simple

setae. Paraprocts (Fig. 22) with ill-defined sub-

marginal spines and scattered scales and scale

bases. Caudal filaments (Fig. 37) yellow-brown.
Adult—Unknown.

Material examined

Holotype.—Larva: ECUADOR. Napo Prov: 5.6
km E of Papallacta, 2880 m, 11°C, roadside
stream, 20-vii-1993, Sites, Linit, Nichols (PERC).

Paratypes—ECUADOR. Carchi Prov: 2.1 km
W of Santa Barbara, 2603 m, 17°C, fast stream
passing under road, 15.vii.1993, Sites, Linit,
Nichols, 2 larvae (UM); Pichincha Prov: 25.3 km
W of Barrio de la Libertad, on old road to Quito,
2316 m, 12°C, small gravel stream, 25.vii.1993,
Sites, Linit, Nichols 11 larvae (2 in UM, 3 in
NMNH, 6 in PERC); 20.2 km W of Barrio de la
Libertad, on old road to Quito, 2707 m, 12°C,
rocky stream, 25.vi.1993, Sites, Linit, Nichols, 3
larvae (PERC); 14.2 km W of Barrio de la Lib-
ertad, on old road to Quito, 3097 m, 11°C, road-
side stream with vegetation, 25.vii.1993, Sites,
Linit, Nichols, 6 larvae (2 in NMNH, 4 in PERC).

Additional material —COLOMBIA. Cundina-
marca Dept: 23 km E of El Colegio, 9.ii.1969, P.
and P. Spangler (PERC); Cafio at Los Alpes Al-
ban, on Hwy 166, 3.iv.1969, W. P. McCafferty,
larva (PERC). ECUADOR. Carchi Prov: 2.1 km
W of Santa Barbara, 2603 m, 17°C, fast stream
passing under road, 15.vii.1993, Sites, Linit,
Nichols, 2 larvae (PERC); 33.7 km W of Tufifio,
3158 m, 11.5°C, silty, vegetated stream riffle,
16.vii.1993, 3 larvae (PERC); Napo Prov: Rio
Maspa, 13.5 km E of Papallacta, 2975 m, 9°C,
gravel and large rocks, 20.vii.1993, Sites, Linit,
Nichols, 2 larvae (PERC); Pichincha Prov: 20.2
W of Barrio de la Libertad, on old road to Quito,
2707 m, 12°C, rocky stream, 25.vii.1993, Sites,
Linit, Nichols, 3 larvae (PERC); 14.2 km W of
Barrio de la Libertad, on old road to Quito, 3097
m, 11°C, roadside stream with vegetation,
25.vii.1993, Sites, Linit, Nichols, 5 larvae (UM).

Etymology

We name this species after R. W. Sites, who
provided us Ecuadorian samples of the species.
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Remarks

Prebaetodes sitesi was collected at high alti-
tudes in Colombia and Ecuador, in riffles and,
less often, in stream pools (perhaps through
drift) with water temperatures ranging from 9°
to 17°C. The species appears to be endemic to
highlands of Colombia and Ecuador, because
we have examined extensive baetid material
from other South American countries and have
yet to find it elsewhere.

Baetodes Needham and Murphy
Baetodes Needham and Murphy 1924: 55.
Diagnosis

Larvae: Antennae are subequal to, or shorter
than, the head capsule, and the pedicels (Fig. 23)
have a dorsolateral row of long, fine, simple se-
tae; the lateral margins of the frons are broadly
connected to clypeus (Fig. 38); the legs (similar
to Fig. 31) are elongate and outstretched, and
the tibiae are somewhat twisted; there are 5
pairs of ventrally oriented gills (Fig. 40); the ter-
gal tubercles range from weakly developed (see
Cohen and Allen 1978: figs. 12, 24) to well de-
veloped (Fig. 40); the paraprocts lack marginal
spines (Fig. 24); and the median caudal filament
is <0.20X the length of the cerci (Fig. 41). Male
adults: Forelegs are relatively elongate; the
hindwings are rudimentary (similar to Fig. 32)
or absent (Fig. 39); the metanotum is poorly de-
veloped (see Flowers 1987: figs. 4-7); and there
is a distinct distomedial projection on the basal
segment of the genital forceps (Fig. 42).

Distribution

Southwestern United States, Mexico, Central
America, tropical South America.

Included species

Baetodes adustus Cohen and Allen; B. andama-
gensis Mayo; B. alleni McCafferty and Provon-
sha; B. arawak (Traver); B. arizonensis Koss; B. bi-
branchius McCafferty and Provonsha; B. caritus
Cohen and Allen; B. chilloni (Mayo); B. deficiens
Cohen and Allen; B. deludens Lugo-Ortiz and
McCafferty; B. edmundsi Koss; B. fortinensis
Mayo; B. fuscipes Cohen and Allen; B. inermis
Cohen and Allen; B. itatiayanus Demoulin; B. lev-
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FIGS. 38-42.—Baetodes spp.: 38.—B. levis: Head, frontal. 39.—B. tritus: Tarsal claw, larva. 40.—B. bibranchius:
Thorax and abdomen, larva, lateral. 41.—B. velmae: Caudal filaments, larva. 42.—B. bibranchius: Genitalia, male

adult, ventral (arrow to distomedial projection).

is Mayo; B. longus Mayo; B. noventus Cohen and
Allen; B. obesus Mayo; B. pallidus Cohen and Al-
len; B. peniculus Mayo; B. pictus Cohen and Al-
len; B. proiectus Mayo; B. sancticatarinae Mayo; B.
serratus Needham and Murphy (type species); B.
solus Mayo; B. spinae Mayo; B. spinifer Traver; B.
tritus Cohen and Allen; B. velmae Cohen and Al-
len.

Material examined

Baetodes alleni: holotype larva: USA, Texas
(PERC); larvae, USA, Arizona (PERC); B. bibran-
chius: holotype larva, USA, Texas (PERC); para-
type larvae, USA, Texas (PERC); B. deficiens: lar-
vae, Costa Rica (PERC); larvae, Mexico, Sonora
(PERC); B. deludens: holotype larva, Costa Rica
(PERC); B. fuscipes: larva, Guatemala (PERC); B.
levis: larvae, Colombia (PERC); larvae, Ecuador
(UM); B. longus: larvae, Mexico, Nuevo Le6n
(PERC); B. noventus: larva, Costa Rica (PERC); B.
pictus: male adults, Mexico (PERC); B. proiectus:
larvae, Ecuador (UM); B. solus: larvae, Colombia
(PERC); B. spinae: larvae, Colombia (PERC); lar-
vae, Ecuador (UM); B. tritus: larvae, Costa Rica

(FAMU); B. velmae: larvae, Costa Rica; B. spp.:
larvae, Ecuador (UM).

Generic key to the larvae of the Baetodes
complex

1. Tarsal claws with 1 or 2 setae on lateral
margin, situated between base of dis-
talmost denticle and convex margin
(Figs. 9, 15, 32, 39); villopore absent ..

.................. Baetodes complex, 2

1'. Tarsal claws not as above; villopore pres-
entorabsent .....................
...... other Baetidae (not keyed further)

2. Labrum basomedially raised (Fig. 2); lat-
eral margins of frons abbreviated, not
reaching clypeus (Fig. 7); paraprocts
with marginal spines (Fig. 3); median
caudal filament length =0.5X cerci
length (Fig. 10); antennal pedicel with-
out dorsal row of setae (Fig. 1); seg-
ment 2 of labial palps longer than seg-
ment3 ................... Moribaetis

2'. Labrum basomedially flattened (Figs. 5,
20); lateral margins of frons broadly con-
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nected to clypeus (Figs. 12, 25, 38); par-
aprocts without marginal spines (Figs. 6,
22, 24); median caudal filament length
<0.5X cerci length (Figs. 16, 37, 41); an-
tennal pedicels with dorsal row of setae
(Figs. 4, 19, 23); segment 2 of labial palps
usually subequal to, or shorter than, seg-
ment 3
3. Cerci with lateral spines (Fig. 18); scapes
and pedicels dorsoventrally flattened,
with scales and scale-like tubercula-
tions (Fig. 4); median caudal filament
length <0.5X but =0.25X cerci length
(Fig. 16); legs robust, with straight tib-
iae (Fig. 14); hindwingpads well de-
veloped .................. Mayobaetis
3'. Cerci without lateral spines; scapes and
pedicels subcylindrical and without
scales or scale-like tuberculations
(Figs. 19, 23); median caudal filament
length <0.25X cerci length (Figs. 37,
41); legs slender and elongate, with
partially twisted tibiae (Fig. 31); hind-
wingpads rudimentary (Fig. 33) or ab-
sent (Fig. 40) .................... 4
4. Lateral margin of mandibles somewhat
curved (Figs. 27, 28); labrum laterally
expanded (Fig. 25); gills on abdominal
segments 1-7, held dorsolaterally (Fig.
33); median caudal filament length
<0.25X but =0.20X cerci length (Fig.
37); abdominal tergal tubercles absent
........................ Prebaetodes
4'. Lateral margin of mandibles somewhat
straight; labrum not laterally expand-
ed (Fig. 38); gills on abdominal seg-
ments 1-5, held ventrally (Fig. 40); me-
dian caudal filament length <0.20X
cerci length (Fig. 41); abdominal tergal
tubercles usually present, variously
developed (Fig. 40) Baetodes

Phylogeny
Methods

The operational taxonomic units, or OTUs,
used for comparative cladistic analysis consist-
ed of the traditional species groups Baetodes,
Moribaetis [= Moribaetis (Moribaetis)], and Mayo-
baetis [=Moribaetis (Mayobaetis)], and the newly
discovered taxon, Prebaetodes. Larvae of all OTUs
were examined, and adults of all but Prebaetodes
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(adults remain unknown) were examined (see
Taxonomy section).

Standard cladistic methods employed are af-
ter Hennig (1966), Ross (1974), and Wiley (1981).
Neither the use of computer programs to ana-
lyze the phylogeny nor the generation of a char-
acter matrix was necessary because of the small
number of OTUs and available comparative
characters. The outgroup used to determine
character state polarities consisted of all Baeti-
nae exclusive of the Baetodes complex.

Nineteen comparative characters and their
plesiomorphic and apomorphic states are given
in Table 1. Two character states are evident for
all characters except 1, in which a distinct,
3-step, unidirectional gradation of the larval me-
dian caudal filament length was evident among
the OTUs (see discussion). The phenoclinal
states of this character are listed under numbers
7,10, and 17 in Table 1.

Phylogenetic results and discussion

The deduced cladogram depicting the rela-
tionships of the OTUs is given in Fig. 43. Num-
bers along the branches of the cladogram (Fig.
43) show apomorphies that define the respective
lineages and are described in Table 1. The clado-
gram is based on complete parsimony and no
alternative branching sequences at any proba-
bility level were possible from our evidential
data.

Apomorphies 1 and 2 in Table 1 and Fig. 43
define the Baetodes complex as a monophyletic
group within Baetinae. With respect to apomor-
phy 2, which is associated with the adult stage,

" we infer that adults of Prebaetodes will demon-

strate this genitalic apomorphy when adults be-
come known. The relative apotypic position of
Prebaetodes within the complex, as deduced from
its larvae, is certainly predictive of such.
Cladistic analysis showed that the subgenera
Mayobaetis and Moribaetis are phyletically dis-
tinct, with Mayobaetis having a more recent com-
mon ancestry with Prebaetodes and Baetodes (Ta-
ble 1, Fig. 43). Prebaetodes and Baetodes share nu-
merous synapomorphies indicating a sister re-
lationship, but both OTUs also possess
autapomorphies that clearly distinguish them
from each other (Table 1 and Fig. 43). Prebaetodes
and Baetodes may be interpreted as the most
specialized lineages within the complex, be-
cause they reflect reductive trends in body size,
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3,4 Moribaetis
—=L2 ] 89 Mayobaetis
5,6,7
15,16 Prebaetodes, new genus
10, 11,12, 13, 14
17,18,19 Baetodes

FiG. 43. Cladogram of the taxa of the Baetodes complex. Numbered apomorphies correspond to the num-
bered characters in Table 1. See text for explanation of OTUs.

number and size of gills, loss of hindwings,
length of median caudal filament, and setation
of caudal filaments. Additionally, Prebaetodes
and Baetodes have relatively long legs as larvae.

The phenoclinal change in the morphology of
the caudal filaments is important in hypothesiz-
ing behavioral and ecological evolution in the
Baetodes complex. Moribaetis shows the most ple-
siomorphic condition, with the cerci and median
caudal filament fully developed, and with abun-
dant, interlocking setae on the median margins
of the cerci and lateral margins of the median
caudal filament (Fig. 10). These features are sim-
ilar to the ancestral condition in Ephemeroptera
(e.g., Sinitshenkova 1984 and McCafferty 1990),
where such setaceous tails were associated with
primordial swimming (Edmunds and Mec-
Cafferty 1988). Larvae of Mayobaetis also have 3
caudal filaments with abundant setation, but the
median caudal filament is substantially shorter
than that of Moribaetis (Fig. 16). Larvae of both
lineages are known to occur often on exposed
parts of stones above the water surface of trop-
ical streams or in the splash zone near banks
and waterfalls, and they will jump into the
stream and swiftly swim away when disturbed
(McCafferty unpublished, Waltz and Mc-
Cafferty 1985). Larvae of Prebaetodes (Mc-
Cafferty unpublished; Sites, University of Mis-
souri, personal communication) and Baetodes
(Edmunds et al. 1976) predominantly occur in
riffle areas of streams, where they are clingers.
Larvae of Prebaetodes have well-developed cerci
and abundant setae medially, but have a median
caudal filament that is shorter than that of May-
obaetis and with rudimentary setation (Fig. 37).
These conditions are clearly transitional be-

tween those found in Mayobaetis and Baetodes.
Larvae of Baetodes have well-developed, bare
cerci and a rudimentary median caudal filament
(Fig. 41). The transition of caudal filament struc-
ture therefore appears to parallel the functional
and habitat transition from clinger /swimmer in
variable currents (Moribaetis and Mayobaetis) to
predominantly clinging larvae in riffles (Prebae-
todes and Baetodes).

Additional functional morphology support-
ing the hypothesized evolution from cling-
er/swimmers to predominantly clingers in the
Baetodes complex involves larval legs. Prebaetodes
and Baetodes have relatively long and laterally
oriented legs (Fig. 31), whereas Moribaetis and
Mayobaetis have relatively short and more ven-
trally oriented legs (Fig. 14). Long, laterally ori-
ented legs are apparently an adaptation for
clinging, as is seen in other baetid mayflies such
as certain Acentrella (McCafferty et al. 1994). We
also suspect that the ventrolateral orientation of
the gills of Baetodes (Fig. 40) is related to behav-
ioral clinging in riffles, such as has been ob-
served in certain Heptageniidae mayflies where
ventral gills function as friction devices for grip-
ping substrate in torrential habitats (e.g., Hynes
1970, Ward 1992).

Another noteworthy trend is found in the re-
ductive evolution of the hindwings of lineages
in the Baetodes complex. In Moribaetis, adults
possess relatively large hindwings with 3 lon-
gitudinal veins, 1 of which is forked. Hindwings
of Mayobaetis are somewhat smaller than those
of Moribaetis, and they have only 2 unforked lon-
gitudinal veins. Larvae of Prebaetodes possess
only rudimentary hindwingpads (Fig. 33), and
we infer that adults of Prebaetodes lack hind-
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wings because larvae of Baetodes that also have
rudimentary hindwingpads lack hindwings as
adults. Most larvae of Baetodes, however, lack
hindwingpads entirely (Fig. 40).

Phylogenetic classification

Based on the cladogram (Fig. 43), and allow-
ing for sequencing conventions (Nelson 1973), 4
phylogenetic generic classifications are allowa-
ble for the OTUs in the Baetodes complex. The
historical generic classification of the involved
taxa is not one of these, and some revision is
therefore necessary. An alternative would be to
consider the 4 taxa in the complex as 1 genus.
A 2nd alternative would be to consider Moribae-
tis as one genus and Mayobaetis, Prebaetodes, and
Baetodes as another genus. A 3rd alternative
would be to consider Moribaetis and Mayobaetis
as 2 separate genera and Prebaetodes and Baetodes
together as a 3rd genus. The final alternative
would be to consider each taxon in the complex
as a separate genus.

We maintain that the choice of a phylogenetic
classificatory alternative should be based on the
information content and practicality of the re-
sulting generic classification. The first 2 alter-
natives are not preferable because they would
not convey information on the intrinsic diversity
of the complex. The 3rd alternative is more pref-
erable in that it would convey more information
regarding the diversity of the complex; however,
the concept of the large and relatively well-
known genus Baetodes would become too diffuse
because it would incorporate the morphologi-
cally distinctive Prebaetodes. In our opinion, the
4th alternative is the most preferable because it
reflects the diversity and uniqueness of each lin-
eage within the complex. This alternative also
involves the least amount of revision, with the
restriction of the generic concept of Moribaetis
and the elevation of Mayobaetis to generic rank
as the only taxonomic changes.
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