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ABSTRACT

Protoptilinae Ross 1956, is the most diverse subfamily [268 species (including 5

fossil spp.) and 17 genera] belonging to the saddle- or tortoise-case making family

Glossosomatidae.  The subfamily has a disjunct distribution: 4 genera are known from

the East Palaearctic and Oriental regions; the remaining 13 are restricted to the Nearctic

and Neotropical regions.  Monophyly of Protoptilinae and each of the 17 genera was

tested using 80 taxa, 99 morphological characters, and mitochondrial DNA (COI).

Additionally, homologies of morphological characters were assessed across genera and

a standardized terminology for those structures was established.  Mitochondrial DNA

(COI) data was unavailable for 55 of the 80 taxa included in this study.  To test the

effects of including a large set of highly incomplete taxa, 5 different datasets were

analyzed using both parsimony and Bayesian methods: TOTAL COMBO (80 taxa,

morphology and COI); TOTAL MORPH (80 taxa, morphology); SUBSET COMBO

(25 taxa, morphology and COI); SUBSET MORPH (25 taxa, morphology); and

SUBSET COI (25 taxa, COI).  There was incongruence between the COI and

morphological data, but results suggest the inclusion of COI data in a combined

analysis, although incomplete, improved the overall phylogenetic signal.  Bayesian and

parsimony analyses of all 5 datasets strongly supported the monophyly of Protoptilinae.

Monophyly of the following genera was also supported: Canoptila, Culoptila, Itauara,

Mastigoptila, Mortoniella, Protoptila, and Tolhuaca.  Monophyly for the genera

Campsiophora, Cariboptila, Cubanoptila, Nepaloptila, Padunia, and Poeciloptila was

not supported.  Several taxonomic changes were necessary for classification to reflect
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phylogeny.  Accordingly, I proposed that Matrioptila (Ross 1938), Poeciloptila Schmid

1991, Temburongpsyche Malicky 1992, and Nepaloptila Kimmins 1964 all become new

junior synonyms of Padunia Martynov 1910.  Additionally, I proposed to that the

endemic Caribbean genera Cariboptila Flint 1964 and Cubanoptila Sykora 1973

become new junior synonyms of Campsiophora Flint 1964.  A key to the world genera

of Protoptilinae incorporating these taxonomic changes was provided.

Using a fossil-calibrated relaxed molecular clock analysis (based on

mitochondrial DNA and ribosomal RNA), independent geologic evidence, climatology,

and Bayesian dispersal-vicariance analysis (DIVA), I constructed a biogeographic

scenario for Protoptilinae.  Divergence time estimates indicated that Protoptilinae arose

at the Paleocene-Eocene Boundary, well after the initial Mesozoic break-up of

Gondwanaland.  Most major protoptiline lineages diverged during the Eocene and most

modern genera arose during the Oligocene.  DIVA analyses suggested Tolhuaca to be a

relict of a more widespread protoptiline ancestor whose distribution encompassed

Central and South America.  The timing of many lineage divergences were correlated to

geologic events that would have facilitated faunal movement between land-masses.

Island corridors between South and Central America allowed migration northward.  The

GAARlandia landspan (Greater Antilles + Aves Ridge) provided a route for protoptiline

range expansion from northern South America to the Greater Antilles and its subsequent

re-submergence led to the divergence of Campsiophora.  The presence of Padunia in

Asia resulted from migration across Beringia.  Pleistocene glaciation may have caused

the extinction of northern populations, resulting in Padunia’s present disjunct
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distribution.  Nearly a third of all speciation events appear to be the result of dispersal,

range expansion, or subsequent re-colonization.

Species-level revisions of Canoptila, Itauara, and Tolhuaca were also presented,

including generic diagnoses, illustrations, and descriptions of males.  Females of

Canoptila and Tolhuaca were described for the first time.  Additionally, the first known

record of Protoptila in Bolivia was reported and a review of the occurrence of scales

and androconia in Trichoptera was provided.  A total of 28 species were treated, 22

described as new: Canoptila williami (Brazil), new species, Itauara alexanderi, new

species (Brazil), I. bidentata, new species (Guyana), I. blahniki, new species (Brazil), I.

charlotta, new species (Brazil), I. emilia, new species (Brazil), I. flinti, new species

(Brazil), I. guianensis, new species (Guyana), I. jamesii, new species (Brazil), I. julia,

new species (Brazil), I. lucinda, new species (Brazil), I. ovis, new species (Guyana,

Venezuela), I. peruensis, new species (Peru), I. rodmani, new species (Brazil), I.

simplex, new species (Brazil), I. spiralis, new species (Guyana), I. stella, new species

(Brazil), I. tusci, new species (Brazil), I. unidentata, new species (Guyana), Protoptila

diablita, new species (Bolivia), P. julieta, new species (Bolivia), and Tolhuaca

brasiliensis, new species (Brazil).
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Chapter I.  Revision and phylogeny of the subfamily Protoptilinae (Trichoptera:

Glossosomatidae) inferred from adult morphology and mitochondrial DNA

INTRODUCTION

Protoptilinae Ross 1956, is one of 3 subfamilies belonging to the saddle-, or

tortoise-case making caddisfly family Glossosomatidae Wallengren 1891.  The other 2

subfamilies are Agapetinae Martynov 1913 [1912] (~200 species), containing Agapetus,

Catagapetus, and Electragapetus (extinct) and known from the Nearctic, East and West

Palaearctic, Australasian, Oriental, and Afrotropical biogeographic regions; and

Glossosomatinae Wallengren 1891 (~100 spp.) consisting of Anagapetus and

Glossosoma and known from the Nearctic, East and West Palaearctic, and Oriental

regions (2006).  Protoptilinae is the most diverse subfamily with 268 species (including

5 fossil spp.) and 17 genera (Holzenthal et al. 2007, Morse 2006).  The subfamily has a

disjunct distribution (Fig. 1): 4 genera are known from the East Palaearctic and Oriental

regions; the remaining 13 are restricted to the Nearctic and Neotropical regions (Morse

2006).  Protoptilinae is the only glossosomatid subfamily to occur in the Neotropics,

and it is there where the subfamily reaches its greatest diversity (241 species) and also

exhibits a high degree of endemism at both the species and genus levels.

The objectives of this study were to 1) test the monophyly of Protoptilinae, 2)

evaluate the monophyly of individual genera traditionally placed in Protoptilinae, and 3)

infer relationships among genera.  Additionally, homologies of morphological

characters were assessed across genera and a standardized terminology for those

structures was established.  Generic boundaries were also delimited, resulting in new
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diagnoses and a key to the adults of world Protoptilinae.  This was the first study to use

modern methods in a phylogenetic assessment of the subfamily, and was based on an

analysis of 99 morphological characters and 80 taxa, representing all 17 known genera.

Furthermore, it was the first study of Protoptilinae to incorporate molecular data.

Results of this study imparts taxonomic stability and clarifies classification, provides a

new phylogenetic framework to place new species, and provides insight into current

distribution patterns, historical biogeography, and the evolution of certain adaptations

and life history traits.

General morphology and biology

Like all Trichoptera, protoptiline caddisflies are holometabolous with terrestrial

adult and aquatic immature stages.  Members of Protoptilinae are so minute (1.5-6 mm),

they were once thought to belong to Hydroptilidae, the microcaddisflies.  Adults are

attracted to ultraviolet lights and in the tropics often congregate in huge numbers at

collecting sites.  For many protoptiline species, females tend to be collected much more

frequently, and male to female ratios nearing 1:100 are not uncommon.  In general,

adults have rather narrow wings, which are held “tent-like” at rest.  Forewings have a

long fringe of setae apically, and tend to be various shades of black or brown (Fig. 2A),

although many species have conspicuous white transverse bars (Fig. 2B) or spots (Fig.

2C).  Protoptilines have 3 ocelli (Fig. 5), 5-segmented maxillary palps (Fig. 6E), and

setal warts on the head and thorax (Fig. 5).  Wing venation varies widely among and

sometimes even within genera, although all protoptilines have a row of stout setae along

the Cu2 vein in the forewing (Figs. 7-14) which perhaps acts as a wing coupling device
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in concert with a fringe of setae along the costal margin of the hind wing (Stocks 2010).

There has been an extreme diversification of male genitalia, possibly the result of sexual

selection (Ward & Pollard 2002).  Structures of the female genitalia also vary

throughout the subfamily, although differences are much more conserved and tend to be

internal.

Like other glossosomatid larvae, protoptilines graze on diatoms, periphyton, and

fine organic particulates from the exposed surfaces of submerged rocks and other

substrates (Wiggins 1996, 2004).  Larvae are generally found in lotic habitats, with

some species preferring large, warm rivers and others preferring small, cooler streams.

Protoptiline larvae construct portable “tortoise” or “saddle” cases out of small sand

grains or pebbles, typical of other glossosomatids (Fig. 3) (Wiggins 1996, 2004).  Cases

are generally dome-shaped dorsally, and flattened ventrally with a transverse strap,

resembling a turtle’s carapace and plastron (Wiggins 1996, 2004).  Ventrally, the

posterior and anterior ends of the case are open, and the larva is able to protrude its head

from either end to graze (Wiggins 1996, 2004).  Spaces between the pebbles or grains

allow water to circulate around the larva or cocoon for respiration (Wiggins 1996,

2004).  Each larval instar constructs a new, subsequently larger case, and in the final

stage, the larva removes the ventral strap, attaches the case to the substrate with silk and

pupates within a cocoon in the case (Wiggins 1996, 2004).

Within Protoptilinae, some slight variations occur to this basic case architecture.

For example, Culoptila unispina Blahnik and Holzenthal 2006, builds a more elongate

case with a central open turret (Blahnik & Holzenthal 2006) (Fig. 3C).  Other Culoptila

species are known to construct partial “collars” of silk fastened around the periphery of
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the anterior and posterior openings (Wiggins 1996).  Cases of Matrioptila jeanae (Ross

1938) and Padunia alpina Kagaya and Nozaki 1998 tend to be slightly flattened dorso-

ventrally (Kagaya & Nozaki 1998, Wiggins 1996).  Many species use rather uniformly

sized pieces of fragments throughout the case, although species of Protoptila affix a

larger stone on each side (Fig. 3A) (Wiggins 1996).  Variation in the position of

respiratory openings can be observed with some occurring on the dorsum near the

posterior and anterior ends (Wiggins 1996), while in other species openings are

irregularly spaced throughout the case (Flint 1964).

Glossosomatid larvae have hypognathous mouthparts adapted to grazing.  The

mandibles have a uniform scraping edge lacking separate teeth, and the labrum has a

membranous fringe (Wiggins 1996, 2004).  Other typical glossosomatid larval

characteristics include a heavily sclerotized pronotum with prominent prosternal

sclerites, a lack of abdominal gills, segment IX bearing a dorsal sclerite, and the basal

half of the anal prolegs fused with the abdomen (Wiggins 2004).  Protoptilinae larvae

(Fig. 4) differ from other glossosomatids by having 1) a mesonotum with 3 sclerites, 2)

a metanotum with 2 small sclerites, 3) a V-shaped ventral apotome on the head, and 4)

anal proleg claws with 4 or more accessory hooks (Morse & Holzenthal 2008, Wiggins

1996).  However, immature stages have only been described for just over half of the

protoptiline genera, and within those genera, very few species are known.  Therefore, it

is impossible to know if these characteristics are typical for the subfamily, certain

genera, or are species specific.  Among protoptilines whose larvae are known, variation

occurs in the shape of the tarsal claws, shape of the mesonotal sclerites, and the number

of accessory hooks on the anal claws.
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Taxonomic history and previous phylogenetic treatments of Protoptilinae

The first protoptiline species to be described, Protoptila tenebrosa (Walker

1852), was describedin Hydroptila (Hydroptilidae).  Banks (1904) later described the

genus Protoptila in Hydroptilidae, however he noted that it differed from most other

hydroptilids by lacking erect hairs on the wings and having 4 tibial spurs on the

mesothoracic legs.  Mosely (1937) suggested that Protoptila might be better placed in

Rhyacophilidae than Hydroptilidae.  Consequently, Ross (1938) transferred Protoptila

to Glossosomatinae, then a subfamily of Rhyacophilidae, based on similarities of the

immature stages, a lack of setation on the abdomen, and the general structure of the

male and female genitalia.  Later, in a posthumous work, Mosely (1954) transferred

from Hydroptilidae to Glossosomatinae Antoptila Mosely 1939 (junior synonym of

Itauara Müller 1888), Canoptila Mosely 1939, Culoptila Mosely 1954, Mexitrichia

Mosely 1937 (junior synonym of Mortoniella Ulmer 1906), and Mortoniella Ulmer

1906.  Mosely (1954) expressed his inclination to create a new subfamily within

Rhyacophilidae to contain these “kindred genera”, but ultimately accepted the views of

Ross (1938) and Ulmer (in a letter to Mosely), that the immature stages of the

Protoptila group showed a close relationship to Glossosomatinae.  Subsequently, Ross

(1956) elevated Glossosomatinae to family status and established Protoptilinae as a

subfamily.  Eventually, 2 other genera originally described in Hydroptilidae, Padunia

Martynov 1910 and Scotiotrichia Mosely 1934, and another originally placed in

Sericostomatidae, Tolhuaca Schmid 1964, were transferred to Protoptilinae (Flint

1967b, Marshall 1979, Schmid 1958).

Historically, descriptions of new protoptiline species have tended to be rather
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regional in scope, and as a result, the taxonomic literature is somewhat scattered.  Late

19th to early- through mid- 20th century protoptiline workers included Müller: SE

Brazil (1888, 1921), Ulmer: Ecuador (1906), Banks: United States (1904), Mosely:

Argentina, Chile, SE Brazil, Mexico (1934, 1937, 1939, 1954), Martynov: Siberia

(1910, 1929, 1934), Ross: United States: (1938, 1941, 1944, 1956), and Tsuda: Korea

(1942).  Contemporary workers have included Angrisano: Argentina, Uruguay (1993,

1997), Botosaneanu: Venezuela, Caribbean (1977, 1994, 1996, 1998), Bueno: Mexico

(1983, 1984), Bueno & Santiago: Mexico (1979, 1996), Flint: Caribbean, North, Central

& South America (1963, 1964, 1967a, 1968, 1971, 1974, 1981, 1983, 1991, 1992),

Kagaya & Nozaki: Japan (1998), Kimmins: Nepal (1964), Kumanski: Cuba (1987),

Malicky: Brunei (1995), Malicky & Chantaramongkol: Thailand (1992), Morse: United

States (1988), Schmid: Argentina, Bolivia, Chile, India (Schmid 1958, 1959, 1964,

1990), Sykora: Bolivia, Cuba, Ecuador, Venezuela (Botosaneanu & Sykora 1973,

Sykora 1999), Tian & Li: China (1986), and Wichard: Dominican amber fossils

(Wichard 1989, 1995).  Most recently, regional descriptions of protoptiline species have

included works by Blahnik & Holzenthal: Central America (2006, 2008), Flint &

Sykora: Dominican Republic (2004), Holzenthal: Chile (2004), Holzenthal & Blahnik:

Costa Rica (2006), Rueda-Martín & Gibon: Argentina, Bolivia (2008), Malicky &

Chantaramongkol: Thailand (2009, Malicky et al. 2006), Malicky: Vietnam (2009),

Nishimoto & Nozaki: Japan (2007), Robertson & Holzenthal: Bolivia (2008), and

Wichard: Dominican and Mexican amber fossils (2007, Wichard et al. 2006).

Very few published works exist regarding phylogenetic relationships among

Protoptilinae genera.  Ross (1956) provided one of the earliest reviews of the subfamily
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in which he proposed two major protoptiline lineages.  Noting the primitive features of

Matrioptila (a monotypic genus from North America), Ross (1956) believed the genus

represented the “first discovered step in protoptiline evolution” and eventually gave rise

to the more widespread Antoptila lineage in the Neotropics, culminating in Protoptila.

Schmid (1990) discussed possible relationships between the Asian and American

genera, concluding that it was impossible to determine from which continent the

subfamily originated.  Morse & Yang (1993) provided a useful table summarizing the

wing venation of 15 protoptiline genera.  They also listed the following putative

synapomorphies of Protoptilinae: 1) larval tarsal claw seta beside tarsal claw process, 2)

larvae with four accessory hooks on anal claw, 3) adult foretibial spur absent, 4)

forewing fork V absent, and 5) forewing crossveins aligned (Morse & Yang 1993).

Four comprehensive revisions of individual protoptiline genera have been published,

treating a total of 60 species.  These revisions included discussions of possible

phylogenetic relationships among genera.  Blahnik & Holzenthal revised Culoptila

(2006) and the Mexican and Central American species of Mortoniella (2008).

Robertson & Holzenthal revised the genera Tolhuaca (2005) and Canoptila (2006).

Apart from these works, no further phylogenetic assessment of the subfamily nor a

phylogeny has ever been published.

Overview of traditionally recognized genera of Protoptilinae

The following account is an overview of the historically recognized genera of

Protoptilinae.  The reader is directed to the sections, “A phylogenetic framework for

classification and diagnoses” (under Conclusions) for information regarding a revised
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taxonomic classification of the genera of Protoptiline based on the results of this

research.  Unless mentioned, immature stages and biology are unknown.

Campsiophora Flint 1964

Three species for this genus are known, 1 each from Puerto Rico, Jamaica, and

Cuba.  Flint (1964) remarked that Campsiophora was probably related to Culoptila and

Cariboptila because of similarities in the male genitalia but established it as a new

genus based on differences in wing venation, lack of enlarged tegulae, and the presence

of a hair pencil in the forewing.  Larvae and pupae are known to occur in large numbers

on rocks in riffles of large lowland rivers and perhaps in smaller numbers in small

mountain streams (Flint 1964, 1968).  Larvae construct typical tortoise-shaped cases

(Flint 1964, 1968).  Females have been described for all 3 species.

Canoptila Mosely 1939

Two species are described for this genus from the Atlantic Forest of

southeastern Brazil.  Mosely (1939) established Canoptila from a single species in

Hydroptilidae, based on wing venation and male genitalic features, but later (Mosely

1954) transferred it to the “Protoptila group” of Glossosomatinae, then a subfamily

within Rhyacophilidae.  Putative synapomorphies supporting the monophyly of the

genus include: 1) the presence of long spine-like posterolateral processes on tergum X,

2) the highly membranous digitate parameres on the endotheca, and 3) the unique

combination of both forewing and hind wing venational features (Robertson &

Holzenthal 2006).  Robertson & Holzenthal (2006) suggested that Canoptila was most
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closely related to the more derived protoptiline genera based on structures of the

mesothorax and wing venation.  The immature stages and biology are unknown.  The

female was described for Canoptila williami Robertson & Holzenthal (2006).

Cariboptila Flint 1964

Eleven species of Cariboptila are known from Cuba, Dominican Republic,

Jamaica, and Puerto Rico.  Flint (1964) noted similarities to Culoptila and

Campsiophora, but established Cariboptila as a new genus based on differences in wing

venation, lack of enlarged tegulae, and lack of a hair pencil on the forewing.  Larvae

construct typical tortoise-shaped cases (Flint 1964, 1968).  Larvae and pupae are found

on stones in small, clear, cool streams at higher elevations (Flint 1964, 1968).  Females

have been described for several species.

Cubanoptila Sykora 1973, in Botosaneanu & Sykora 1973

Five extant species have been described from Cuba, and a single species was

described from Jamaica.  Sykora (in Botosaneanu & Sykora 1973) distinguished

Cubanoptila from other genera based on features of the male antennae, the structure of

tergum VIII, and wing venation.  Sykora (in Botosaneanu & Sykora 1973) also noted

similarities in forewing venation to Culoptila and hind wing venation to some species of

Protoptila.  Immature stages and females have been described for several species.   Four

fossil species are known from Miocene amber from the Dominican Republic: C.

grimaldii Wichard 1995, C. longiscapa Wichard, 2007, C. mederi Wichard 1989, and

C. poinari Wichard 1989.
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Culoptila Mosely 1954

This genus contains 26 extant species, and is mostly endemic to Mexico and

Central America, although 1 species extends into western and southwestern United

States.  Mosely (1954) first established Culoptila within the “Protoptila group” within

Glossosomatinae, then a subfamily within Rhyacophilidae.  He distinguished the genus

based on the unusually enlarged male tegulae and associated concertina-shaped

glandular structures, and differences in wing venation and male genitalic features

(Mosely 1954).  Blahnik & Holzenthal (2006) remarked in their recent revision that the

genus probably is most closely related to the endemic Caribbean genera Campsiophora,

Cariboptila, and Cubanoptila.  Immature stages and females are known for several

species.  Culoptila constructs typical tortoise-shaped cases of small grains of sand or

with larger lateral stones and is known to occur in large rivers, as well as small springs

and seepages (Blahnik & Holzenthal 2006, Houghton & Stewart 1998a, 1998b, Wiggins

1996).  Houghton & Stewart (1998a, 1998b) provided details of life history and case

building behavior.  A single fossil species, C. aguilerai Wichard 2006, was described

from Miocene amber from Chiapas, Mexico.

Itauara Müller 1888

Itauara contains 4 species known from Argentina and Brazil.  Müller (1888)

first used the name Itauara without any included species or illustrations but in a later

work (Müller 1921) provided sketches of the female forewing venation and some larval

parts.  Based on similarities in wing venation and of cases and larval parts, Flint et al.

(1999) synonymized Itauara with Antoptila Mosely1939, designated A. brasiliana as
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the type species, and transferred the 3 other known species of Antoptila to Itauara.

Ross (1956) suggested that Itauara (then Antoptila) represented a point at the base of a

lineage culminating in Protoptila.  Angrisano (1993) described the immature stages and

female of the type species and females of I. guarani and I. plaumanni.  Larvae construct

typical tortoise-shaped cases of large and small grains of sand and are known to occur

in sandy bottom streams with scarce vegetation where they attach their cases to

Characeae algae (Angrisano 1993).

Mastigoptila Flint 1967

Mastigoptila contains 9 species, all of which are endemic to Chile.  Flint

(1967b) established Mastigoptila as a new genus based on differences in wing venation

and the asymmetrical form of the male genitalia.  Valverde & Miserendino (1998)

provided details on the immature stages and biology of M. longicornuta.  Although

female allotypes have been designated for 3 species, none have been described.

Matrioptila (Ross 1938)

This monotypic genus is restricted to the Appalachian Mountains of the

southeastern United States.  Its sole species, Matrioptila jeanae Ross (1938) was

originally placed in Protoptila.  Ross (1956) established Matrioptila as a new genus

based on wing venational features and the presence of distinct claspers in the male

genitalia.  He suggested that it represented an archaic genus at the base of protoptiline

evolution.  Ross (1938) described the female, and Flint (1962) and Wiggins (1996)
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described the immature stages and discussed biology.  Matrioptila is known to occur in

cold, clear, rapid mountain streams.

Merionoptila Schmid 1959

This genus contains a single species, Merionoptila wygodzinskyi Schmid 1959,

known from northern Argentina.  Schmid (1959) established the genus based on its

rather unusual morphology.  Merionoptila has a large head, bulky thorax, hairy eyes,

very long and hairy legs, and a relatively reduced abdomen (Schmid 1959).

Additionally, the wings and venation of the male are extremely reduced while the

female is completely brachypterous (Schmid 1959).  As discussed by Schmid (1959),

Merionoptila has been observed “skating” on the surface of small streams and he noted

similarity of morphological features with those of other surface skaters, most notably

Dolophilodes distincta (Walker 1852), Anomalopteryx (Stein 1874)

[=Anomalopterygella (Fischer 1966)], and Limnoecetis tanganicae (Marlier 1955).

Although he recognized that Merionoptila belonged in Protoptilinae, he admitted that its

placement within the subfamily was difficult to determine since the subfamily was

poorly known at the time (Schmid 1959).  Nonetheless, he suggested that Merionoptila

was more closely related to Antoptila (=Itauara) than the other known protoptiline

genera (Schmid 1959).

Mortoniella Ulmer 1906

The genus currently contains 75 described species from Mexico, Central, and

South America.  Ulmer (1906) first established Mortoniella in Hydroptilidae for a
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single species, M. bilineata from Ecuador.  Mosely (1937) later described an additional

genus, Mexitrichia, for a species from Mexico.  Although he noted similarity between

the 2 genera, Mosely (1937) differentiated Mexitrichia from Mortoniella based on its

absence of apical fork V in the hind wing and what he considered to be important male

genitalic differences.  Historically, Mortoniella consisted of species from South

America, and was more narrowly defined than Mexitrichia, whose members were

known from Mexico and Central America.  In subsequent works, other authors (Flint

1963, Sykora 1999) continued to recognize the 2 as distinct genera based on their

apparent differences in hind wing venation, male genitalia, and immature stages.

However, Blahnik & Holzenthal (2008) determined that Mortoniella, as historically

defined was based on a pleisiomorphic wing character, and therefore did not adequately

meet the principal of reciprocal monophyly by modern cladistic standards.

Additionally, they attested that the male genitalia of Mexitrichia and Mortoniella were

very similar (Blahnik & Holzenthal 2008).  Consequently, the 2 genera were

synonomized and species originally placed in Mexitrichia were transferred to

Mortoniella (Blahnik & Holzenthal 2008).  Immature stages and females have been

described for a few species.  Larvae are known to occur in fast flowing rivers and

streams (Flint 1963).

Nepaloptila Kimmins 1964

This genus consists of 4 species and is known from Nepal and Thailand.

Kimmins (1964) remarked that the type species resembled a small Agapetus but placed

it in Protoptilinae based on its absence of mesoscutellar warts, presence of rounded
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warts on the mesoscutum, and presence of stout setae on Cu2 in the forewing.  Kimmins

(1964) noted similarities in wing venation and male genitalia to Matrioptila but

suggested Nepaloptila had more primitive features because of its retention of apical fork

V in the forewing.  Female paratypes were designated for N. ruangjod by Malicky &

Chantaramongkol 1995, but were neither illustrated nor described.

Padunia Martynov 1910

Padunia contains 16 species and is known from eastern and central Siberia,

Mongolia, Japan, Korea, Thailand, and Vietnam.  Martynov (1910) originally described

the genus in Hydroptilidae based on the wing venation of the females of P. adelungi and

remarked that the genus was probably related (although not closely) to Agraylea Curtis

and Mortoniella Ulmer.  Martynov (1929) later provided an illustration of the male

genitalia from the type species and the genitalia and head of P. lepnevae.  Subsequently,

Tsuda (1942) described a new genus, Uenotrichia in Hydroptilidae which Fischer

(1971) later mistakingly elevated as a senior synonym to Padunia.  Interestingly, Ulmer

(in a letter to Mosely) and Mosely (1954) suggested that Padunia might in fact belong

to the “Protoptila group” but did not transfer it at the time.  However, in her revision of

the family Hydroptilidae, Marshall (1979) determined that the genus belonged to the

Protoptilinae within Glossosomatidae based on similarities of the thorax, male genitalia,

and wing venation to Matrioptila and Nepaloptila.  Additionally, she correctly

identified Padunia as the senior synonym to Uenotrichia based on date priority

(Marshall 1979).  Kagaya & Nozaki (1998) provided details of immature stages and
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biology of Japanese Padunia.  Larvae construct tortoise-shaped cases that are somewhat

flattened dorso-ventrally, and live in cold mountain streams (Kagaya & Nozaki 1998).

Poeciloptila Schmid 1990 [1991]

Poeciloptila is comprised of 6 species and is known from China, India, and

Thailand.  Schmid (1991) first established the genus based on features of the male

genitalia, including: 1) membranous lateral faces of the Xth segment, and 2) a large

ventral branch of the phallic apparatus.  As for its position within Protoptilinae, Schmid

stated simply, “Il n'est pas spécialement apparenté à Nepaloptila.” [“It is not especially

related to Nepaloptila.” Translation from Schmid 1991].  Although Schmid (1991)

designated female allotypes and paratypes for 2 species, he did not describe or illustrate

the specimens.

Protoptila Banks 1904

Protoptila is the largest genus in the subfamily with 95 described species and a

distribution ranging from Canada through South America.  Banks (1904) originally

described the genus in Hydroptilidae, however he noted that it differed from most

hydroptilids by lacking erect hairs on the wings and having 4 tibial spurs on the

mesothoracic legs.  Mosely (1937) suggested that species of Protoptila might be more

closely related to those of Glossosomatinae than Hydroptilidae.  Subsequently, Ross

(1938) transferred Protoptila to Glossosomatinae, then a subfamily of Rhyacophilidae.

Morse (1988) and Blahnik & Holzenthal (2006) interpreted and homologized structures

of the male genitalia.  Distinctive features of the genus include: 1) an enlarged,
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flattened, phallic apodeme, and 2) a posteriorly projecting sternum VIII (Holzenthal &

Blahnik 2006).  Blahnik & Holzenthal (2008) suggested Protoptila was the likely sister

taxon to Mortoniella because both have short, articulated, rod-like appendages arising

from the posteroventral margin of the phallobase that fit into modified pockets.

Immature stages and females have been described for several species.  Larvae build

typical tortoise-shaped cases, often with a large stone positioned on each side (Wiggins

1996).  They are known to occur in clear, forested streams, but are particularly abundant

in warm, lowland rivers (Holzenthal & Blahnik 2006, Flint 1968).

Scotiotrichia Mosely 1934

This genus contains a single species, Scotiotrichia ocreata Mosely 1934, and is

known from Bariloche, Argentina and adjoining areas in Chile.  Mosely (1934)

originally established the genus in Hydroptilidae, but noted that its wing venation was

much more complete than typically found in the family.  Schmid (1958) later

transferred the genus to Protoptilinae.  The female has not been described.

Temburongpsyche Malicky 1995

The genus is known from a single species, Temburongpsyche anakan Malicky

1995, from Brunei.  Malicky (1995) commented that the wing venation of

Temburongpsyche matches that of Padunia and agrees with Poeciloptila.  He also noted

that the dorsal warts on the head and thorax correspond to those of Nepaloptila

(Malicky 1995).  Nonetheless, Malicky (1995) established Temburongpsyche as a new

genus based on several derived features of the male.  These include 1) a broad, ring-like
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segment IX, 2) reduction of “various appendices” along the posterior margin of segment

IX, 3) an enormously large and thick phallus, and 4) a tibial spur formula of 0,3,3.

Malicky (1995) illustrated the female genitalia.

Tolhuaca Schmid 1964

Tolhuaca contains 2 species, 1 known from Chile, the other from southeast

Brazil.  Schmid (1964) originally placed the genus in Sericostomatidae, commenting on

the similarity of the male genitalia to that of Brachycentrinae, at that time a subfamily

within Sericostomatidae.  Later, Flint (1967) transferred Tolhuaca to Protoptilinae,

noting that the wing figures in the original description were transposed with those of

Austrocentrus griseus Schmid 1964 (Helicophidae).  Schmid (1964) remarked that

although Tolhuaca has complete wing venation, a primitive feature of Trichoptera, the

male genitalia are very simple and derived, thus “…it is impossible to assign a phyletic

position to the genus…”.  However, Robertson & Holzenthal (2005) determined that

Tolhuaca deserves a basal placement in Protoptilinae based on its retention of the

foretibial spur, presence of mesoscutellar setal warts, and the oviscapt structure of the

female genitalia.

MATERIALS AND METHODS

Selection of Taxa

The taxa included in this study were chosen in an attempt to represent the

overall morphological and taxonomic diversity of each genus within the subfamily
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Protoptilinae.  Additionally, the taxa selected represented all biogeographical regions

where Protoptilinae is known to occur.  Head, thoracic, wing venation, and male

genitalic characters are based on observations of individual species rather than groups

of species or higher taxa (Prendini 2001). When possible, multiple specimens of the

same series were examined to account for possible morphological variation within that

species.  Therefore, the material examined listed in Table 1 includes the name of the

species, country localities, and number of specimens examined.   Composite coding

(Maddison 1993) was used for a single, family-level larval character and 3 female

genitalic characters (discussed further under the section “Characters and states for

cladistic analysis”).  Larval descriptions are unavailable for most protoptiline species,

however it is widely accepted that all Glossosomatidae species build portable “tortoise”

or “saddle”-shaped cases (Wiggins 1996, 2004).  Descriptions of female genitalic

morphology are limited among Protoptilinae species.  Morphology of the female

genitalia is highly conserved at the generic level and above, with species differentiated

by the shape of internal structures of the vaginal apparatus.  The female genitalic

characters chosen for this analysis are especially conserved and therefore composite

taxon coding was used when females of certain species were unknown.  In such cases,

the data used to code a particular species may be based on a closely related species from

the same biogeographic region where the female has been positively associated with the

male (Table 2).  A list of specimens used for DNA sequencing, including individual

specimen label barcode numbers, is presented in Table 3.

Ingroup.  The ingroup, Protoptilinae, included 74 species representing all 17

traditionally recognized genera in the subfamily.  At least 3 species were chosen from
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each genus to represent morphological diversity.  For monotypic genera or those with

only 2 included species, all species were studied.  These included Matrioptila jeanae

(Ross 1938) (SE USA); Scotiotrichia ocreata Mosely 1934 (Argentina);

Temburongpsyche anaken Malicky 1995 (Brunei); Merionoptila wygodzinskyi Schmid

1959 (Argentina); Canoptila bifida Mosely 1939 and C. williami Robertson &

Holzenthal 2006 (SE Brazil); and Tolhuaca cupulifera Schmid 1964 (Chile) and T.

brasiliensis Robertson & Holzenthal 2005 (SE Brazil).  Mortoniella Ulmer 1906 was

sampled more rigorously than other genera (10 species) to account for its high species

richness, morphological diversity, and wide distribution across the Neotropics.

Additionally, a total of 21 Itauara (Müller 1888) species, including 17 new species,

were sampled to test the monophyly of the genus.

Outgroup.  The outgroup consisted of 6 species including Hydroptilidae, and the

2 other subfamilies in Glossosomatidae, Glossosomatinae and Agapetinae.  Taxa were

chosen to represent the major lineages of each subfamily.  Additionally, I examined

several species of Rhyacophilidae but omitted them from the analysis because many

male genitalic and wing venational features were too divergent to polarize states within

Protoptilinae.

Depositories

Material examined for this study is deposited at the British Museum of Natural

History, London, UK (BMNH); National Museum of Natural History, Washington, DC,

USA (NMNH), Canadian National Collection of Insects, Arachnids, and Nematodes,

Ottawa, Canada (CNC); Museo Argentino de Ciencias Naturales Bernardino Rivadavia,
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Buenas Aires, Argentina (MACN), University of Minnesota Insect Collection, Saint

Paul, USA (UMSP), and Universiteit van Amsterdam Instituut voor Taxonomische

Zoologie, Zoologisch Museum, Amsterdam, The Netherlands (ZMUA).  Additionally,

Dr. Hans Malicky, Lunz am See, Austria, generously donated several specimens from

his private collection to UMSP.  All specimens or lot of alcohol specimens examined in

this study was affixed with a barcode label with a unique 9 digit alphanumeric code

starting with the prefix UMSP.  This prefix indicates that the specimen has been

databased at UMSP, but it is not meant to imply possession by UMSP.  Specimen-level

taxonomic, locality, and other information, are stored in the University of Minnesota

Insect Collection Biota Trichoptera Database using the software program Biota

(Colwell 2003), and can be accessed at

http://www.entomology.umn.edu/museum/databases/BIOTAdatabase.html.

Morphology

Specimen preparation and observation

To observe certain structural features of the male and female genitalia, soft

tissues were cleared using a lactic acid method outlined in detail by Holzenthal &

Anderson (2004) and Blahnik et al. (2007).  Genitalia were carefully removed from the

abdomen using microscissors and placed in a Pyrex® tube (10 x 75 mm) containing

approximately 2-3 cubic centimeters of lactic acid.  The test-tube was then heated in a

Fischer Scientific dry bath incubator at 110-125ºC for 30-45 minutes.  Once cleared, the

genitalia were rinsed in distilled water to remove any remaining lactic acid.  For some

specimens, the entire individual was cleared (after removing the wings) to more easily
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observe external structures obscured by setae, such as thoracic warts.  Specimens that

were over-cleared or lightly sclerotized were stained.  Such specimens were immersed

in a small watch-glass containing Chlorazole Black E (Sigma Chemical Co.) dissolved

in glycerin for 15 minutes to several hours, depending on the size and condition of the

specimen.  Stained specimens were then rinsed in distilled water to remove any excess

stain.  Specimens were examined in a small watch-glass containing glycerin using an

Olympus SZX12 dissecting microscope or Olympus BX41 compound microscope.

To observe wing venation, wing mounts of each species were prepared

following the protocols of Blahnik & Holzenthal (2004).  Wings were removed from the

specimen and placed in a dish of distilled water containing a very small amount of

dishwash soap to allow the wings to break the surface tension of the water.  Using a pair

of soft fine artist brushes, setae were removed from the wings.  The wings were then

rinsed in fresh distilled water and carefully arranged on a 12 mm diameter glass

coverslip with a small drop of distilled water, then covered with another coverslip.  The

coverslips were then placed in a folded lint-free KIM® wipe covered with a small

weight (5-6 pennies) until dry.  Once dry, small dabs of Gelva® multipolymer adhesive

were applied to the edges of the coverslips to glue them together.  Wing preparations

were then digitally photographed using a Leica EC3 digital camera mounted on an

Olympus SZX12 dissecting microscope.

Morphological terminology

Morphological terminology for male and female genitalia was adapted from

Blahnik & Holzenthal (2006, 2008), Holzenthal (2004), Holzenthal & Blahnik (2006),
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Morse (1988), Nielson (1957, 1980), Nishimoto & Nozaki (2007), and Schmid (1990).

Terminology for head, thoracic, and leg morphology follows that of Wiggins (1996).

Wing venation terminology follows the Comstock-Needham system as interpreted by

Ross (1956) and Schmid (1998).

Character sources and assessment

Most of the 99 morphological characters in this analysis are novel.  However,

some characters have been previously discussed in a phylogenetic context or analysis of

other Trichoptera taxa in the literature.  Sources where certain characters were

previously coded and used in a phylogenetic analysis are listed after each character

under the section “Characters and states for cladistic analysis.”  Characters previously

discussed in the literature in a phylogenetic analysis or assessment, but modified,

reinterpreted, and coded to fulfill the purposes of this analysis, are noted by stating “in

part” after the source.

Each character was evaluated in terms of utility to resolve protoptiline

relationships and ability to be consistently interpreted and scored.  Characters were

included in the analysis if their states could be discretely delimited and clearly

determined based on a point of reference (e.g., characters 3, 8).  Characters

demonstrating continuous variation (e.g., wing length), inconsistent scoring among taxa

(e.g., wing color), or overtly homoplastic characters (e.g., wing scales), were excluded

from the analysis.
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Character coding

Character coding and homology assessment has strong implications for

reconstructing phylogeny (Hawkins et al. 1997, Lee & Bryant 1999).  Ideally, coding

should reflect one’s observations and determinations of homologies of structures.  In

this study, characters were determined based on primary homology and confirmed

through character congruence (Patterson 1982).  The criteria for the determination of

primary homology include similarity in position (topological connections), similarity in

composition, and linkage by intermediate forms (transformation series) (Remane 1952).

However, sometimes structures hypothesized to be homologous have diverged so

greatly that they are absent in some taxa.  Characters related to the details of a structure

would be inapplicable for taxa in which the structure is missing.  This creates a

challenge for coding those characters since coding depends on assumptions of primary

homology assessments, character independence, and hierarchical relationships between

characters (Hawkins et al. 1997, Lee & Bryant 1999, Strong & Lipscomb 1999).  Many

different coding approaches have been proposed to deal with inapplicable characters

including reductive, composite (multistate), non-additive binary, and presence-absence

coding, among others (Hawkins et al. 1997, Lee & Bryant 1999, Maddison 1993, Pleijel

1995, Strong & Lipscomb 1999).

To address inapplicable data in this study, reductive coding was used.  A

character was first coded to account for the presence or absence of a particular feature

and additional character(s) were coded to address variations of the feature.  Taxa coded

as absent for the first character were assigned a dash (“-“) for subsequent inapplicable

characters.  Although the program PAUP* does not distinguish a dash from a question
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mark (? = missing data), but treats both as 1 of the other existing states (Strong &

Lipscomb 1999), a dash has been assigned to indicate that the character is inapplicable

rather than missing.  However, the program MrBayes treats dashes as a separate

character state, and therefore dashes were changed to question marks in the character

matrix used in Bayesian analyses.

One critique of the reductive coding approach is that when a “?” is optimized

into 1 of the other existing states, it may affect the optimization of the character at

higher taxonomic levels to the detriment of local optimization of clades at lower levels

(Maddison 1993, Strong & Lipscomb 1999).  Nonetheless, reductive coding was

preferred over other coding strategies for several reasons.  First, 2 (or more) distinctly

separate homologous conditions (transformation events) exist for many characters in

this study, 1 relating to the presence or absence of a feature, and another (or more)

relating to the details of the feature.  The presence of a particular structure may be a

synapomorphy for some taxa, while the details of that structure may be informative at

lower taxonomic levels.  By coding the conditions as separate characters, this

phylogenetic information is retained.  If the conditions were coded as a single multistate

character (i.e., “composite coding,” Maddison 1993) taxa may be potentially grouped

together based on conditions that are not applicable to them, rendering them informative

in determining phylogenetic relationships when they should not (Strong & Lipscomb

1999).  Additionally, absence coding and non-additive binary coding may assume

incorrectly that absences are homologous, thereby resulting in artificial inflation (i.e.,

over-weighting) of the absence state (Strong & Lipscomb 1999).
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Composite, or multistate coding (Maddison 1993) was used in a few instances:

1) when the absence state was an autapomorphy for a single taxon (e.g., character 76),

2) if the absence of a character was assumed to be homologous among taxa (e.g.,

character 70), and 3) when the character transformational series are clear and absence is

1 condition (e.g., character 61).

Mitochondrial DNA

Gene choice

The phylogenetic usefulness of a particular gene for a particular level of

relationships depends in part on its rate of evolution.  Preferred genes are those that

minimize the incidence of multiple nucleotide substitutions while maximizing the

number of non-homoplasious shared character states (Simon et al. 1994).  In closely

related species, nucleotide positions are less likely to vary, thus genes containing higher

proportions of unconstrained sites are more appropriate (Simon et al. 1994).  For more

distantly related species, nucleotide positions can be expected to vary more, so genes

with lower proportions of unconstrained sites are preferred (Simon et al. 1994).

For this study I chose to use the “Folmer region” (Folmer et al. 1994) at the 5’

end of the cytochrome c oxidase subunit I mitochondrial gene region (COI), also known

as the “barcode gene.”  Mitochondrial genes are considered to be rapidly evolving and

thus more appropriate for phylogenetic studies of closely related taxa (Simon et al.

2006). COI has most frequently been used to identify and assign unknown specimens to

a species or reveal cryptic species diversity (Ball et al. 2005, Hebert et al. 2003, Hebert

et al. 2004).  However, COI has also been shown to be useful in assigning species to
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genera (Hebert et al. 2003) and in resolving phylogenetic relationships among genera in

insects (Nyman et al. 2006).  In a higher-level phylogenetic analysis of Trichoptera,

COI was found to be most informative and reliable for resolving relationships among

genera at the tips of the tree, and recovered a monophyletic Protoptilinae (although only

represented by 2 genera) (Kjer et al. 2001).

COI was also chosen for practical reasons.  Mitochondrial genes are maternally

inherited, so they are rarely affected by recombination and paralogy (Hebert et al 2003,

Simon et al. 2006).  Additionally, mitochondrial genes are easier to amplify using

polymerase chain reaction (PCR) than single-copy nuclear genes because they are

present in multiple copies (Zhou et al. 2007).  Furthermore, in Trichoptera the COI

fragment is easily amplified with primers developed specifically for caddisflies by Kjer

et al. (2001).  Finally, because it is protein coding with few insertions and deletions, it is

relatively easy to align COI sequences (Hebert et al. 2003).

DNA extraction, amplification, and sequencing

DNA was extracted from pinned or 70-80% ethanol-preserved museum

specimens.  In a few cases, DNA was extracted from specimens less than 1 year old and

preserved in 95% ethanol.  For most specimens, the head, thorax, and legs were taken;

however, in instances where specimens were limited or only available from type

material, a single leg was taken.  In all cases, the wings and genitalia were retained as

vouchers and the specimen data were entered into the University of Minnesota Insect

Collection (UMSP) Biota Trichoptera Database.  For most specimens, DNA was

extracted and sequenced while visiting the laboratory of Dr. Karl Kjer, Rutgers
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University.  However, in an effort to obtain longer sequences, some specimens, along

with aliquots taken from stock samples at Rutgers were sent to the University of

Guelph, Ontario, Canada (Guelph) for sequencing.  Standard barcoding protocols for

DNA extraction, amplification, and sequencing at Guelph followed those detailed by

deWaard et al. (2008), Hajibabaei et al. (2005), and Ivanova et al. (2006).  At Rutgers,

DNA was extracted using the DNeasy Tissue Kit (QIAGEN Inc.) with 20 µl of

Proteinase K (10 ml) (QIAGEN Inc.).  The “Folmer region” (Folmer et al. 1994) at the

5’ end of the cytochrome c oxidase subunit I mitochondrial region (COI) was then

amplified using polymerase chain reaction (PCR) with Taq Master Mix Kit (QIAGEN,

Inc.) and the primers listed in Table 4.  The PCR mix was preheated to 94ºC followed

by 35 or 40 cycles (95ºC, 3 min.; 94ºC, 30 sec.; 50ºC, 30 sec.; 72ºC, 30 sec.; 72Cº, 7

min.; 4ºC, 4 min).  The QIAquick PCR purification kit (QIAGEN, Inc.) was used to

clean PCR products.  DNA concentrations were estimated by UV visualization of

ethidium bromide stained 1% agarose gel with Tris-acetate-EDTA (TAE)

electrophoresis buffer using standard techniques.  Sequences were visualized and

recorded using the Applied Biosystems 3100 Automated DNA Sequencer at the School

for Environmental and Biological Sciences Sequencing Facility at Rutgers University.

Each DNA fragment was sequenced from both directions.

Sequence alignment

Both forward and reverse sequence fragments were aligned using the program

ABI Prism Sequence Navigator (ver. 1.0.1, Mac OS; Applied Biosystems).  Consensus

sequences were then aligned using ClustalX, ver. 2.0.11, Mac OS (Larkin et al. 2007)
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and MacClade, ver. 4.06, Mac OS (Maddison & Maddison 2000).  Gaps and ambiguous

sequences were coded as missing (?).

Phylogenetic analysis

Treatment of morphological characters

Ninety-nine morphological characters were included in the analysis, including

62 binary characters and 37 multi-state characters, with a total of 288 character states.

Seven characters were parsimony uninformative (autapomorphic or constant) but were

included in the character matrix because they are potentially informative at higher

taxonomic levels.  However, uninformative characters were excluded in parsimony

analyses for the purpose of calculating tree statistics since their inclusion may

artificially inflate values of the consistency index (Bryant 1995, Yeates 1992).  Since

the likelihood model specified morphological characters as variable, for Bayesian

analyses, constant morphological characters were excluded from the data matrix (Lewis

2001a).  However, autapomorphic characters were included in the Bayesian analysis to

contribute information to branch lengths.  All characters were treated as unordered

(non-additive) (Fitch 1971) and equally weighted  (Wilkinson 1992) to minimize the

number of a priori assumptions regarding evolution.

Data partitions

The complete data matrix included 80 taxa.  All taxa were scored for nearly all

morphological characters, however COI sequences were successfully obtained for only

25 taxa (including 10 of 18 protoptiline genera).  Although it was not possible to
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include COI data for all genera, the major clades were adequately represented by these

taxa.  Nonetheless, the remaining 55 taxa (69%) were missing a significant portion of

the data (87% of characters or 658 COI base pairs).  It has been suggested that the

inclusion of incomplete taxa (those lacking a proportion of characters) may obscure

relationships among more complete taxa, decrease the probability of finding the correct

tree, or lead to an increase in number of equally parsimonious trees and decrease in

resolution (Huelsenbeck 1991, Wiens & Reeder 1995, Wilkinson 1995).  However,

studies have also suggested that including large amounts of missing data may actually

improve phylogenetic accuracy, resolution, and placement of taxa (Egge & Simons

2009, Kearney 2002, Wiens 1998, 2003a, 2003b, 2005, 2006, 2009).

To test the effects of including a large set of highly incomplete taxa, 5 different

datasets were analyzed, using both parsimony and Bayesian methods. “TOTAL”

datasets included all 80 taxa; “SUBSET” datasets excluded incomplete taxa:

TOTAL COMBO: 80 taxa; morphology and COI

TOTAL MORPH: 80 taxa; morphology

SUBSET COMBO: 25 taxa; morphology and COI

SUBSET MORPH: 25 taxa; morphology

SUBSET COI: 25 taxa; COI

Analyses

Character matrices were constructed and character state transformations were

mapped using MacClade 4.08 (Maddison & Maddison 2000).  All 5 datasets were
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analyzed using the principal of parsimony and also Bayesian inference to explore the

data under different evolutionary assumptions and models.  Under the principal of

parsimony, the preferred tree (hypothesis) is the one that requires the fewest number of

evolutionary changes (=steps) or homoplasy (Kitching et al. 1998, Schuh 2000,

Swofford et al. 1996, Wiley 1981) .  Bayesian phylogenetic inference is a model-based

likelihood approach that determines the probabilities of a group (clade) existing on a

tree given the observed data, a probabilistic model of evolution, and an explicit

probabilistic description of prior beliefs (Kolaczkowski & Thornton 2009, Lewis

2001b).

Parsimony.  Parsimony analyses were implemented in PAUP* v. 4.0 beta

(Swofford 2003).  Heuristic searches were conducted using stepwise taxon addition

with 1000 random addition sequences (RAS) and Tree-Bisection-Reconnection (TBR)

branch swapping, MULTREES option off.  Heuristic searches were initially

implemented with the MULTREES option in effect (the default command in PAUP* to

save all minimal trees); however, this resulted in large numbers of trees and searches

were not completed.  Although the goal in parsimony analysis has long been to find

each and every possible most parsimonious tree (MPT), it has been suggested that this

is unnecessary in many cases.  Since a strict consensus tree is created from all trees

found, it may be more efficient to obtain the minimum number of trees needed to

produce the same consensus tree that would be produced by all possible MPTs

(Goloboff 1999, 2002).  Saving multiple trees per TBR replication produces trees that

are in the same local optimum, while trees from new, independent substitutions may be

more likely to lead to different optima (Goloboff 1999, 2002).  Hence, it is more
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beneficial and computationally efficient to save fewer trees to allow for the completion

of more RAS (Goloboff 1999, 2002).  Castlebury et al. (2002) demonstrated that

consensus trees generated with MULTREES option implemented (MAXTREES set to

5000) were identical to the strict consensus of those generated with the MAXTREES

option off.  Non-parametric bootstrap analysis (Felsenstein 1985) for each dataset was

conducted using 1000 psuedoreplicates, each with 100 RAS.  Clades with bootstrap

values greater ≥ 70% were considered well supported (Hillis & Bull 1993, Zander

2004).  Bremer support values (Bremer 1988), also known as the decay index (DI),

were not calculated for these studies.  As pointed out by a number of authors, the DI is

not a statistical measure (Zander 2004) and can be misleading, since low values do not

necessarily mean there is little support for a clade. The DI does not take into account the

relative amounts of contradictory or favorable evidence for a particular group (Goloboff

& Farris 2001) and is not comparable between trees or even between nodes on the same

tree (DeBry 2001).

Bayesian.  Bayesian analyses were implemented in the program MrBayes 3.1.2

(Huelsenbeck & Ronquist 2001, Ronquist & Huelsenbeck 2003) using Metropolis-

coupled Markov Chain Monte Carlo sampling (MCMC), which explores possible tree

topologies and parameter space in proportion to their posterior probabilities (Lewis

2001b, Ronquist et al. 2005).  Using the Metropolis algorithm (Felsenstein 2004), a

designated “cold” Markov chain can escape from an isolated low probability peak by

swapping with a “heated” chain that may be on a higher probability peak (Lewis 2001b,

Ronquist et al. 2005).  Analyses using MrBayes were carried out on the BioHPC web
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interface of the Computational Biology Service Unit computer cluster, located at

Cornell University (http://cbsuapps.tc.cornell.edu/index.aspx).

Parameters.  Morphological datasets (TOTAL MORPH and SUBSET MORPH)

were assigned the Markov k (Mk) model, which specifies equal rates of character state

change and deemed appropriate for discrete morphological data (Lewis 2001a).  The

Mk model is similar to a Jukes-Cantor (JC) model used with molecular data, except that

it has a variable number of states (2-10) (Ronquist et al. 2005).  Because rates of

evolution are assumed to vary among individual morphological characters (e.g., male

genitalic characters may evolve faster than larval characters), coding parameters were

set to “variable” (lset coding = variable) to allow for possible rate heterogeneity (Lewis

2001).  As recommended by (Lewis 2001a), a discrete gamma-shape (Γ) distribution

parameter was invoked (lset rates = gamma).  Recent studies have favored the inclusion

of the gamma parameter for discrete morphological data based on Bayes Factor analysis

(Bond & Hedin 2006, Müller & Reisz 2006, Nylander et al. 2004) among others.)

For the COI dataset (SUBSET COI), a General Time Reversal model with a

gamma distribution and invariants model of rate heterogeneity (GTR + Γ + I) (lset nst =

6 rates = invgamma) was set as determined most appropriate by the program Modeltest

v. 3.4 (Posada & Crandall 1998).  Combined datasets (TOTAL COMBO and SUBSET

COMBO) were analyzed using separate evolutionary models for each data partition

(COI, GTR + Γ + I; morphology, Mk + Γ).

 For all datasets, with the exception of the TOTAL COMBO dataset, 2 parallel

analyses, each with 12 chains (11 hot, 1 cold) were run for 1 x 107 generations,

sampling trees every 1000th generation.  The analysis for the TOTAL COMBO dataset



33

used 4 chains (3 hot, 1 cold) because the analysis did not appear to be proceeding

sufficiently upon examination of the progress file.  Analyses were examined using the

program Tracer v. 1.4.1 (Rambaut & Drummond 2007) to ensure stationarity

(convergence) was achieved between 2 tree samples and to determine appropriate burn-

in (number of trees discarded).  The program FigTree v. 1.2.3 (Rambaut 2007) was used

to examine trees and posterior probability values.

Hypothesis testing

When different datasets support differing tree topologies, it is possible that 1 of

the topologies simply represents a suboptimal version of the other (Larson 1994). To

explore topological incongruence and conflicting topologies among the different data

partitions, a series of hypothesis tests were conducted under parsimony and Bayesian

frameworks.  Nonparametric Templeton tests (Larson 1994, Templeton 1983) were

used to compare the most parsimonious trees resulting from constrained and

unconstrained searches of each dataset.  Length differences and p-values of Wilcoxon

sum of signed ranks (Larson 1994, Templeton 1983) compared MPTs obtained from

constrained and unconstrained searches as implemented in PAUP*.  Significance (p-

value ≤ 0.05) indicates that evidence rejects a particular hypothesis of monophyly in

favor of nonmonophyly.

Conflicting hypotheses were also tested under a Bayesian framework by

compiling a 95% credible set of unique topologies for each dataset using the sumt

command in MrBayes (Brandley et al. 2005, Buckley 2002, Buckley et al. 2002).

These tree sets were then searched for congruent topological hypotheses using the
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CONSTRAINTS and FILTER option in PAUP*.  The occurrence of any number of trees

congruent with the constraint tree from the 95% credible interval indicates that the

hypothesis of monophyly cannot be rejected (Buckley et al. 2002).

RESULTS

Morphological characters and states for cladistic analysis

1. Type of larval case.  0:  free-living; 1:  purse-like; 2:  tortoise- or saddle-like.

Only a single larval character was coded and scored for the analysis.  For all but

a few taxa included in the analysis, adult-larval associations have not been determined.

However, it is widely accepted that all Glossosomatidae larvae construct tortoise-like

cases (Wiggins 2004).  Although larval characters may be highly conserved at the genus

level and since a primary goal of the study was to test the monophyly of individual

genera, it was not deemed appropriate to use composite taxon sampling for genus-level

larval characters as individual adult-larval associations for most species in Protoptilinae

have not been made.  Therefore, no other larval characters were included in the

analysis.

Head & thorax

2. Shape of head.  0:  wider than long (Fig. 5); 1:  longer than wide; 2:  length = width.

State 0 is observed in all taxa.
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3. Length of antennal scape.  0:  ≤2x length of pedicel; 1:  ≥3x length of pedicel (Fig.

6A).

State 1 is present in the Caribbean genera (Campsiophora, Cariboptila,

Cubanoptila).

4. 3rd antennal segment.  0:  without stout spine-like setae; 1:  with stout spine-like

setae (Fig. 6A).

State 1 is present in Cubanoptila.

5. Length of maxillary palpi 1st & 2nd segments (Frania & Wiggins 1997) in part.  0:

1st segment shorter than 2nd segment; 1:  1st segment  = 2nd segment (Fig. 6E); 2:  1st

segment longer than 2nd segment.

6. Number of anterior setal warts.  0:  1 distinct pair (Fig. 5A); 1:  1 pair, each one

constricted medially;  2:  2 distinct pairs (Fig. 5B); 3:  patchy, sparsely setose.

7. Shape of anterior setal warts.  0:  elongate (Fig. 5A); 1:  suboval (Fig. 5B); 2:

irregular, patchy.

8. Posterior setal wart size.  0:  large, extending from lateral ocellus and meeting or

almost meeting at medial suture (Fig. 5A); 1:  small, not extending from lateral ocellus

or meeting at medial suture (Fig. 5B).
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9. Posterolateral setal wart shape.  0:  suboval or triangular and bulging (Fig. 5); 1:

elongate.

State 0 is observed in all protoptilines and some of the outgroups.

10. Mesothorax shape.  0:  longer than wide (Fig. 5A); 1:  wider than long (Fig. 5B); 2:

length = width.

11. Mesothorax tegular glands presence.  0:  present (Fig. 5B); 1:  absent.

12. Anteromesal mesoscutal wart shape.  0:  elongate (Fig. 5A); 1:  suboval (Fig. 5B);

2:  entire region setose, no distinct wart.

13. Anteromesal mesoscutal wart position.  0:  anterior (Fig. 5B); 1:  mesal; 2:  lateral

(Fig. 5A).

State 2 is characteristic of taxa having elongate anteromesal mesoscutal warts.

14. Mesoscutellar wart presence (Kimmins 1964, in part; Ross 1956, in part).  0:

present (Fig. 5A); 1:  absent (Fig. 5B).

The presence of mesoscutellar warts is considered a primitive characteristic of

Trichoptera.  Among Protoptilinae, mesoscutellar warts are absent in all Neotropical

taxa except Tolhuaca.
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15. Mesoscutellar wart shape and position.  0:  2 distinct small circular warts posterior;

1:  2 distinct small circular patches posterior; 2:  2 distinct large suboval warts or

patches lateral.

16. Number of foretibial spurs (Ross 1956, in part) 0:  two; 1:  one; 2:  zero; 3:  three.

Either state 1 or 2 is observed among Protoptilinae.

17. Foretibial spur development (Morse and Yang 1993, Ross 1956, in part).  0:  hair-

like (Fig. 6B); 1:  well-developed.

When a single foretibial spur is present in protoptiline taxa, it is always hair-

like.

18. Number of mesotibial spurs (Frania and Wiggins 1997, in part).  0:  four; 1:  three;

2:  two.

19. Number of metatibial spurs.  0:  four; 1:  three.

Wings

20. Shape of forewing (Ross 1967, in part).  0:  broad past anastamosis (Fig. 12A); 1:

margins nearly parallel (Fig. 7A); 2:  narrow past anastomosis, much reduced (Fig.

10A).
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21. Male anal region forewing callosity (Morse & Yang 1993, Morse & Yang 2004), in

part).  0:  present; 1:  absent.

Wing callosity is defined as a visible thickening of the wing cuticle.  Morse &

Yang (2004) described 3 general patterns of callosity observed in the anal region of the

male forewing in Glossosoma.  However, for the purposes of this study, I coded this

character as absent or present.

22. Male apical costal region forewing callosity.  0:  present; 1:  absent.

23. Male forewing hair pencil.  0:  absent; 1:  present on inner surface of anal angle

(Fig. 8C).

A hair pencil is defined as modified fringes of elongate setae associated with

androconial glands (Nichols 1989).  State 1 is observed in Campsiophora pedophila and

Campsiophora arawak.

24. Forewing R1 (Morse and Yang 1993).  0:  forked; 1:  unforked.

State 0 is observed in the outgroup genera Anagapetus and Glossosoma.

25. Forewing apical fork I in relation to crossvein s.  0:  sessile (Fig. 11A); 1:  petiolate

(Fig. 7A).

26. Stem of forewing fork I length.  0:  about the same length as fork; 1:  longer than

fork; 2:  shorter than fork (Fig. 10A).
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State 2 is observed in almost all taxa with a petiolate apical fork I.  State 0 is

observed in the outgroup taxon Ptilocolepus granulatus.  State 1 is an autapomorphy for

Merionoptila wygodzinskyii.

27. Forewing apical fork II in relation to crossvein r-m.  0:  sessile (Fig. 7C); 1:

petiolate (Fig. 8A).

28. Stem of forewing fork II length.  0:  about the same length as fork (Fig. 8A); 1:

longer than fork (Fig. 9A); 2:  shorter than fork (Fig. 9C).

29. Forewing apical forks I and II.  0:  branching at same level (Fig. 8C) 1:  fork I

branching before fork II (Fig. 8A) 2:  fork II branching before fork I (Fig. 7A).

30. Forewing apical fork III presence (Morse and Yang 1993, in part; Ross 1956, in

part).  0:  present; 1:  absent (Fig. 10C).

State 1 is observed in Matrioptila, Padunia, Poeciloptila, Temburongpsyche,

and Scotiotrichia.

31. Forewing apical fork III in relation to crossvein m-cu.  0:  sessile; 1:  petiolate.

State 1 is observed in all taxa with fork III present, with the exception of the

outgroup taxon Glossosoma.
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32. Stem of forewing fork III length.  0:  about the same length as fork; 1:  longer than

fork; 2:  shorter than fork.

33. Forewing apical fork IV presence (Morse and Yang 1993, in part; Ross 1956, in

part).  0:  present; 1:  absent.

34. Forewing apical fork IV in relation to crossvein m-cu.  0:  sessile; 1:  petiolate

35. Stem of forewing fork IV length.  0:  about the same length as fork; 1:  longer than

fork; 2:  shorter than fork.

36. Forewing apical fork V (Kimmins 1964, in part; Morse and Yang 1993; Ross 1956,

in part; Schmid 1990, in part).  0:  present; 1:  absent.

37. Forewing apical fork V in relation to crossvein m-cu.  0:  sessile; 1:  petiolate.

38. Forewing Cu1.  0:  complete, reaching wing margin; 1:  incomplete, not reaching

wing margin (Fig. 7A).

State 1 is observed in Culoptila.

39. Forewing Cu1 and Cu2 intersection (Ross 1956, in part).  0:  intersecting near

anastomosis (Fig. 7A); 1:  separate, not intersecting (12A); 2:  completely fused (Fig.

11A).
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40. Forewing A3 presence.  0:  looped (Fig. 11C); 1:  absent.

41. Forewing Cu2 row of erect setae presence (Kimmins 1964, in part; Mosely 1954, in

part; Ross 1956, in part).  0:  absent; 1:  present (Figs. 7-14).

State 1 is observed in all Protoptilinae.

42. Forewing Cu2 row of erect setae position (Ross 1956, in part).  0:  along Cu2 (Fig.

7A); 1:  below Cu2 (Fig. 9A, 10C).

43. Forewing crossvein r presence.  0:  present (Fig. 7A); 1:  absent (Fig. 7C).

44. Forewing crossvein s presence (Morse and Yang 1993).  0:  present; 1:  absent.

45. Forewing crossvein r-m presence.  0:  present; 1:  absent.

46. Forewing discoidal cell length.  0:  as long as or longer than Rs vein (Fig. 7A); 1:

shorter than Rs vein (Fig. 7C, 8A).

47. Forewing crossveins r, s, and r-m (Mosely 1954, in part; Ross 1956, in part; Morse

and Yang 1993, in part).  0:  forming relatively straight line; 1:  not forming straight

line.

48. Forewing crossvein m-cu presence.  0:  present; 1:  absent.
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49. Hind wing shape.  0:  broad past anastomosis (Fig. 12B); 1:  margins nearly parallel

(Fig. 9B); 2:  narrow past anastomosis or scalloped along costal margin (Fig. 7D); 3:

much reduced (Fig. 10B).

50. Hind wing apical fork I presence (Morse and Yang 1993, in part; Ross 1956, in

part).  0:  present; 1:  absent.

51. Hind wing apical fork II presence (Morse and Yang 1993, in part).  0:  present; 1:

absent.

52. Hind wing apical fork III presence (Morse and Yang 1993, in part).  0:  present; 1:

absent.

53. Hind wing apical fork V presence (Morse and Yang 1993, in part; Ross 1956, in

part).  0:  present; 1:  absent.

54. Hind wing A2 presence.  0:  present; 1:  absent.

55. Hind wing A2 presence.  0:  not looped; 1:  looped.

56. Hind wing A3 presence.  0:  present; 1:  absent.
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Male pregenitalic abdominal structures

57. Sternum V lateral process presence.  0:  absent; 1:  present (Fig. 6D).

The lateral process is associated with glandular structures on segment V in

males.  State 1 is observed in Matrioptila and some species of Padunia and Nepaloptila.

The process is also present in the outgroup taxon Ptilocolepus granulatus.

58. Sternum VI mesal process presence.  0:  absent; 1:  present (Fig. 15A).

State 0 is an autapomorphy of Merionoptila wygodzinskyi. The presence of small

points or processes on sterna VI and VII is pleisiomorphic in Trichoptera (Schmid

1989).

59. Shape of sternum VI mesal process apex.  0:  pointed or attenuate; 1:  rounded; 2:

bilobate; 3:  subquadrate.

60. General shape of sternum VI mesal process.  0:  tooth-like point; 1:  elongate and

digitate; 2:  subtriangular; 3:  circular; 4:  flattened dorso-ventrally; 5:  thumb-like and

prominent; 6:  short and digitate.

61. Sternum VI mesal process apodeme.  0:  absent; 1:  strong; 2:  weak.

62. Sternum VII mesal process presence.  0:  without mesal process; 1:  with prominent

mesal process; 2:  with small mesal point.
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State 2 appears in the outgroup taxa Anagapetus and Glossosoma and the

protoptiline species Campsiophora mulata.

Male genitalia

63. Sternum VIII modification.  0:  projecting medially and subtending segment IX to

which it is partially fused (Figs. 27A,B); 1:  not projecting medially.

State 0 is a synapomorphy of Protoptila.

64. Terga VII and VIII dorsomesal, intersegmental region modifications.  0:  with no

modification; 1: with glandular structure.

65. Terga VII and VIII dorsolateral, intersegmental region modification.  0:  with paired

glandular structure; 1:  without modification.

66. Tergum VIII dorsal plate.  0:  not forming dorsal plate; 1: forming dorsal plate that

subtends terga IX and X (Figs. 17A,B).

67. Anterior margin of segment IX shape.  0:  fairly straight (Fig. 27A); 1:  rounded

(Fig. 18A); 2:  subtriangular (Fig. 24A).

68. Posterior margin of segment IX processes.  0:  without lateral processes or lobes; 1:

with lateral processes or lobes (Fig. 24A,C).

State 1 is present in Matrioptila, Padunia, Poeciloptila, and Temburongpsyche.
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69. Tergum IX shape dorsally.  0:  strap-like ; 1:  uniformly narrow; 2:  uniformly

broad.

70. Sternum IX shape ventrally.  0:  strap-like (Fig. 30A); 1:  uniformly narrow (Fig.

20); 2:  uniformly broad (Fig. 25A,D); 3:  absent (Fig. 16A).

71. Sternum IX lateral margins.  0:  constricted; 1:  not constricted.

72. Sternum IX mesal modifications.  0:  without modification; 1:  with ventromesal

projection posteriorly (Fig. 28A,B); 2:  with 2 pairs of elongate seta-like spines

ventrolaterally (Fig. 20A,C).

State 1 is observed in Protoptila.  The 2 pairs of elongate seta-like spines (State

2) is an autapomorphy of Itauara brasiliana.   These spines are superficially similar in

appearance to the elongate parameres of certain other Itauara species, but are not

homologous structures.

73. Tergum IX dorsolateral process.  0:  with paired, dorsolateral process usually

bearing 1 or more elongate apical seta (Fig. 16A,C); 1:  without paired, dorsolateral

process with elongate apical seta.

State 0 is observed in the Caribbean taxa Campsiophora, Cariboptila, and

Cubanoptila.
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74. Tergum X attachment.  0:  completely fused to and indistinct from segment IX (Fig.

24); 1:  incompletely fused to segment IX with membrane or lightly sclerotized region

connecting Xth ventolaterally (Fig. 28A,C); 2:  mostly separate segment from segment

IX; 3:  fused dorsomesally, or "hinged" (Fig. 22); 4:  partially fused to segment IX,

consisting of basal and distal segments (Fig. 28).

State 2 is considered the primitive condition and is present in the outgroup taxa

Ptilocolepus, Anagapetus, and Glossosoma.  State 3 is observed in Merionoptila and

Mortoniella.  State 4 is observed in Protoptila.

75. Tergum X position.  0:  subtended by segment IX (Fig. 16-18); 1:  not subtended by

segment IX.

State 0 is observed in the Caribbean taxa Campsiophora, Cariboptila, and

Cubanoptila.

76. Tergum X dorsomesal region (Morse and Yang 1993, in part).  0:  absent or

vestigial 1:  present, mostly membranous (Fig. 25A,C); 2:  present, mostly sclerotized.

77. Tergum X dorsomesal margin.  0:  with single, elongate, prominent process; 1:

irregular with several small processes; 2:  divided or bifid apicomesally; 3:

subquadrate; 4:  subtriangular; 5:  with a single broad, plate-like process.

There is a great diversity among the shapes and number of processes/lobes of

Tergum X.  No doubt, many of these states are homoplastic at higher taxonomic levels.

However, they may be informative at the species level.
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78. Tergum X dorsolateral margin.  0:  with paired elongate, down-turned, finger-like

process; 1:  with irregular setose processes; 2:  with small paired lobes; 3:  without

processes; 4:  with upturned sclerotized points; 5:  membranous; 6:  with forked paired

process; 7:  with teeth-like spines; 8:  with 1 or more large, horn-like processes; 9: with

short, flattened, inwardly curved process (Fig. 16C, 17A,C, 18A,B).

(See Character 77 comment). State 4 is an autapomorphy for the outgroup taxon,

Agapetus rossi.

79. Tergum X ventrolateral margin.  0:  with paired, broad flange-like process; 1:  with

1 or more irregular, paired, setose, digitate lobes directed posteriorly; 2:  with paired

very elongate, spine-like process directed inwardly; 3:  with small irregular, paired,

setose lobes; 4:  with paired elongate processes attached ventrolaterally to segment IX

and directed ventrally and sometimes anteriorly (Fig. 19A,C); 5:  without processes or

lobes; 6:  bearing 1 or several large, highly sclerotized spines or spine-like setae,

directed mesad (Fig. 16C, 17A,C, 18A,B).

(See Character 77 comment). State 4 is observed in Culoptila.  State 6 is

observed in the Caribbean taxa Campsiophora, Cariboptila, and Cubanoptila.

80. Preanal appendages presence.  0:  absent; 1:  present.

Preanal appendages are absent in Protoptilinae and the outgroup taxa

Anagapetus debilus and Glossosoma intermedium.

81. Inferior appendages presence (Ross 1956, in part).  0:  present; 1:  absent.
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In Trichoptera, inferior appendages are defined as 1- or 2-segmented gonopods,

arising ventrally from segment IX and often connected to each other at their bases

(Holzenthal et al. 2007).  Functionally, these structures serve as claspers, grasping the

female during copulation.  Among the Protoptilinae, the inferior appendages have

undergone such extensive evolution that many structures are often no longer identifiable

as “claspers.”  For example, in some species the inferior appendages appear to have

migrated from segment IX to be attached to the phallobase (Ross 1956).  In other

species, the inferior appendages have been completely lost.

82. Inferior appendage shape. 0:  2 distinct appendages attached to segment IX and

articulating with phallus  basally; 1:  fused completely (non-articulating) and integrated

with segment IX, forming either elongate or shortened paired ventrolateral processes, or

single ventromesal process, sometimes bifid (Fig. 24A,D); 2:  2 distinct appendages

attached ventrally to phallus and articulating with IX (Fig. 27A,B,C); 3:  markedly

asymmetrical, fused to phallocrypt ventrobasally (Fig. 21A,D); 4:  composite structure

consisting of paired processes fused together basally and to ventral margin of phallic

apparatus and ventrolaterally to endotheca, associated with articulated appendages

fitting into pockets (Fig. 23A,C); 5:  bulbous, fused ventromedially to endotheca and

projecting ventrad (Fig. 22A,C); 6:  broad, highly setose, prominent plate-like

projection fused ventrobasally to phallobase, sometimes invaginated apicomesally or

with broad lateral processes (Fig. 16A,B); 7:  simple, paired long or short processes,

fused to one another basally to ventral surface of phallobase (Fig. 19); 8:  single or
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apically bifid process produced mesally, broadest at base, fused to phallobase

ventrobasally .

Inferior appendages were identified and homologized based on their general

position and structure. An evident transformational series is present from the simple

condition of paired articulating appendages attached to segment IX, to the various

conditions observed in Protoptilinae.  In some species, the inferior appendages may

function to evert or guide the phallus, in others, they are so reduced that they have

apparently lost all functionality. In several subgenera of Glossosoma, Morse and Yang

(2004) considered Ross’s (1956) “fixed spiny lobes of the aedeagus” to be the inferior

appendages.  However, I believe these processes, based on their position and structure,

are actually parameres and therefore I agree with Ross’s original homology assessment

in which the inferior appendages appear as ventral projections of sternum IX.  State 0 is

observed in all outgroup taxa and is considered the pleisiomorphic condition in

Trichoptera (Schmid 1989).  State 1 is observed in Nepaloptila, Padunia, Poeciloptila,

and Temburongpsyche.  This character was especially phylogenetically informative at

the generic level.

83. Inferior appendage segments (Frania & Wiggins 1997, in part; Morse and Yang

1993, in part).  0:  with 2 articles; 1:  with 1 article.

State 0 is pleisiomorphic in Trichoptera.  The 1-article condition is observed in

all Glossosomatidae and results from the loss of the harpago, or its fusion to the

coxopodite (Holzenthal et al. 2007)
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84. Parameres (Frania & Wiggins 1997, in part; Morse & Yang 1993, in part).  0:

absent; 1:  present.

Parameres are paired processes arising from the endotheca (Holzenthal et al.

2007).  No doubt, parameres have been lost several times independently.  Additionally,

many taxa have structures resembling parameres, but it is unclear if they are truly

homologous to parameres or are novel structures.  For example, several taxa in the

Caribbean genera have spine-like features; however, as they do not appear to arise from

the endotheca, I do not consider them to be true parameres.

85. Paramere position.  0:  arising ventrobasally from fused endotheca and phallobase;

1:  laterally from endotheca; 2:  dorsolaterally from endotheca.

State 1 is the pleisiomorphic condition in Trichoptera.

86. Paramere sclerotization.  0:  sclerotized and rod-like (Fig. 23A); 1:  membranous

and digitate (Fig. 15B,D).

87. Paramere shape.  0:  mostly straight; 1:  ram’s horn-like; 2:  tusk-like and curving

upward dorsally; 3:  elongate and mostly curving downward; 4:  serrate with 1 or 2

processes; 5:  spatulate and straight; 6:  digitate lobe with bulbous apex bearing short

spine-like, stout setae; 7:  elongate sinuous; 8:  bulbous.
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88. Phallic apparatus.  0:  with single dorsomesal process arising internally from

phallobase (Fig. 23A,C); 1:  with single dorsomesal process arising dorsobasally from

phallobase; 2:  without single dorsomesal process.

89. Phallobase.  0:  extremely reduced, often membranous (Fig. 15B,D); 1:  not

apparently reduced; 2:  extremely enlarged (Fig. 16A,B); 3:  absent (Fig. 21).

90. Phallobase dorsal margin.  0: with sclerotized sheath produced anteriorly, with

ventral margin membranous or absent (Fig. 24A,B); 1:  without sclerotized sheath,

ventral margin sclerotized.

91. Phallobase appendages (Blahnik & Holzenthal 2008, in part).  0:  without paired

articulated, rod-like appendages with membraneous apices; 1:  with paired articulated,

small, digitate, rod-like appendages with membranous apices (Fig. 23A,C).

92. Phallobase ventrobasally (Blahnik & Holzenthal 2008, in part).  0:  without

modified pockets; 1:  with modified pockets (Fig. 23A,C).

93. Phallobase apodeme.  0:  with axe-shaped dorsal apodeme (Fig. 28C); 1:  without

dorsal apodeme.

94. Phallicata.  0:  with sclerotized dorsolateral flange; 1:  without flange.
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95. Phallicata dorsum.  0:  without dorsal sheath; 1:  with dorsal sheath covering

membranous ventral portion (Fig. 20A).

96. Phallicata apically.  0:  without ventral branch; 1:  with ventral branch bearing 1 or

more apical spines (Fig. 24B).

Female genitalia

97. Shape of the female genitalia apex (Frania and Wiggins 1997, in part; Ross 1967, in

part).  0:  extensible oviscapt (Fig. 31A); 1:  not extensible, but rather with modified

appendicular parts of abdominal segments VIII and IX (Fig. 31B,C).

State 0, an extensible oviscapt is the primitive condition in Trichoptera (Schmid

1989) and consists of a prolongation or modification of the posterior abdominal

segments that functions as an ovipositor (Nichols 1989).

98. Elongate internal apodemes (Frania and Wiggins 1997, in part; Ross 1967, in part).

0:  vestigial or absent; 1:  present as 2 pairs of long, slender sclerotized rods arising

from the lateral margins of segments VIII and IX and extending cephalad to segments

VI and VII, respectively (Fig. 31A).

State 1, the presence of elongate apodemes is a pleisiomorph for

Amphiesmenoptera (Schmid 1989).

99. Segments VIII and IX.  0:  fused (Fig. 31C); 1:  not fused.
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State 0 is observed in Matrioptila, Nepaloptila, Padunia, Poeciloptila, and

Temburongpsyche.  State 1 is the pleisiomorphic condition.

Results of phylogenetic analyses

Parsimony

The parsimony analysis of the TOTAL COMBO dataset (80 taxa, 757

characters) resulted in 20 equally parsimonious trees (Length: 1880; Consistency Index:

0.356; Retention Index: 0.575; Rescaled Consistency Index: 0.205) with the strict

consensus shown on Fig. 33.  The TOTAL MORPH dataset (80 taxa, 90 characters)

resulted in 2 equally parsimonious trees (Length: 463; CI: 0.339; RI: 0.789; RC: 0.267)

(Fig. 35).  A total of 2 equally parsimonious trees resulted from the SUBSET COMBO

dataset (25 taxa, 757 characters) (Length: 1576; CI: 0.365; RI: 0.435; RC: 0.159) (Fig.

36).  The SUBSET MORPH dataset (25 taxa, 99 characters) resulted in 12 equally

parsimonious trees (Length: 218; CI: 0.569; RI: 0.752; RC: 0.428) (Fig. 38).  A single

most parsimonious tree was recovered for the SUBSET COI dataset (25 taxa, 658

characters) (Length: 1335; CI: 0.339; RI: 0.366; RC: 0.124) (Fig. 40).  Bootstrap (BS)

support values ≥ 50% are indicated above internodes.  Clades with values ≥ 70% are

considered strongly supported (Hillis & Bull 1993, Zander 2004).

Bayesian

Chain swapping was determined to be successful in analyses of all 5 datasets

(tree universe was thoroughly sampled) upon examination the log and the mcmc files.
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A total of 50% of the total samples (5000 trees) were discarded as burn-in.  The

remaining 50% (5000 trees) were used to calculate posterior probabilities.  Majority-

rule cladograms are presented for TOTAL COMBO (Fig. 32), TOTAL MORPH (Fig.

34), SUBSET MORPH (Fig. 39), and SUBSET COMBO (Fig. 37) datasets.  A

phylogram is presented for the SUBSET COI dataset (Fig. 41).  Posterior probability

(PP) values are indicated above internodes.  Clades with values ≥ 0.95 are considered

highly supported (Hillis & Bull 1993, Zander 2004).

TOTAL COMBO Dataset (80 taxa, 757 characters)

The consensus trees resulting from both the parsimony and Bayesian analyses

are fairly well resolved and congruent (Fig. 32, 33).  The monophyly of the subfamily

Protoptilinae is well supported, with the basal placement of Tolhuaca weakly supported.

The “Old World” taxa Nepaloptila, Padunia, Poeciloptila, and Temburongpsyche form

a well-supported clade with the Nearctic monotypic genus Matrioptila nested within it,

hereafter referred to as the Northern Clade.  Excluding Tolhuaca, the Neotropical taxa

form a strongly supported monophyletic group (= Neotropical Clade), sister to the

Northern clade.  Within the Neotropical clade, the relationships among most genera are

poorly resolved or weakly supported, although the genera Campsiophora, Cariboptila,

and Cubanoptila form a well supported clade (= Caribbean Clade).

The monophyly of many recognized genera is strongly supported under both

parsimony and Bayesian approaches, thus corroborating their current classification.

These include: Tolhuaca, Protoptila, Culoptila, Canoptila, and Mastigoptila.

Monophyly for the genus Itauara was strongly supported in the Bayesian analysis (PP:
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0.98), but weakly supported in the parsimony analysis (BS: 56).  Both the Bayesian and

parsimony analyses recovered a monophyletic Mortoniella, albeit with little nodal

support.

The analyses failed to recover the monophyly of several traditionally recognized

genera, thus challenging current classification.  Within the Northern Clade, neither the

Bayesian nor the parsimony analyses were able to recover a monophyletic Nepaloptila,

Padunia, or Poeciloptila.  Similarly, within the Caribbean Clade, none of the analyses

recovered a monophyletic Cariboptila, Campsiophora, or Cubanoptila.  The monotypic

genera Scotiotrichia and Merionoptila were both recovered as sister to monophyletic

genera.  Matrioptila jeanae was recovered as sister to Padunia adelungi, while

Temburongpsyche anaken was nested in a clade containing Padunia and Poeciloptila.

TOTAL MORPH Dataset (80 taxa, 99 characters)

The consensus trees from the Bayesian and parsimony analyses based only on

morphological data are fairly well resolved (more so in the parsimony analysis),

however their topologies vary slightly.  Differences between the Bayesian and

parsimony analyses mostly involve the relationships among genera in the Neotropical

clade.  The parsimony analysis is also much more resolved than the Bayesian analysis,

although there is little to no bootstrap support at the nodes.  Monophyly of the

subfamily Protoptilinae is well supported in both analyses, with the basal placement of

Tolhuaca, also strongly supported.  A monophyletic Northern Clade was recovered with

moderate support in the parsimony analysis and weak support under Bayesian inference.

The Neotropical and Caribbean Clades are well supported under both analyses.
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Monophyly was corroborated for the genera Tolhuaca, Protoptila, Canoptila,

Culoptila, Mastigoptila, and Itauara in both analyses. However, neither the Bayesian

nor parsimony analyses recovered a monophyletic Nepaloptila, Padunia, Mortoniella,

Cariboptila, Campsiophora, or Cubanoptila.  The monotypic genera Scotiotrichia and

Merionoptila were both recovered as sister to monophyletic genera.  Matrioptila jeanae

was recovered as sister to Padunia adelungi, while Temburongpsyche anaken was

nested in a clade containing Padunia and Poeciloptila.

SUBSET COMBO Dataset (25 taxa, 757 characters)

The combined analyses (COI + morphology) of the subset taxa dataset (those for

which COI sequences were obtained) are more or less congruent under both Bayesian

and parsimony methods (Figs. 36, 37).  Both analyses recovered a monophyletic

Protoptilinae, with a weakly supported sister relationship of Tolhuaca + all remaining

Protoptilinae.  The “Old World” species Padunia lepnevae is sister to Matrioptila

jeanae (= Northern Clade) and this clade is sister to a weakly supported Neotropical

clade.  Within the Neotropical Clade, a monophyletic Caribbean Clade is recovered.

With the exception of a paraphyletic Cariboptila, the monophyly of all genera is

recovered in both analyses.

SUBSET MORPH Dataset (25 taxa, 99 characters)

As with the combined analyses of the subset dataset, the tree topologies

resulting from Bayesian and parsimony analyses of only morphological data are

congruent (Figs. 38, 39).  The monophyly of Protoptilinae is strongly supported as is a
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sister relationship of Tolhuaca to all remaining Protoptilinae.  The “Old World” species

Padunia lepnevae is sister to Matrioptila jeanae (= Northern Clade).  In the parsimony

analysis, the placement of Matrioptila + Padunia is unresolved within a clade

containing the remaining Neotropical taxa; however, the Bayesian analysis recovered a

weakly supported monophyletic Neotropical Clade.   A strongly supported

monophyletic group containing the Caribbean taxa was recovered.

SUBSET COI Dataset (25 taxa, 658 characters)

Parsimony and Bayesian analyses of the subset dataset using only COI data

(Figs. 40, 41) both recovered a monophyletic Protoptilinae. The sister taxa Padunia

lepnevae + Matrioptila jeanae (=Northern Clade) is sister to all remaining Protoptilinae.

A clade consisting of all Neotropical taxa, including Tolhuaca, is strongly supported in

the Bayesian analysis, but not the parsimony analysis.  The Caribbean Clade was

recovered under Bayesian inference, but not in the parsimony analysis.  Another key

difference between analyses involves the placement of Tolhuaca cupulifera.  In the

Bayesian analysis, Tolhuaca is sister to Mortoniella limona + Mortiniella marini.  In the

parsimony analysis, Tolhuaca is sister to Protoptila diablita.

Summary of analyses (Tables 5, 6)

Apart from some contradictory results obtained from the analyses of the

SUBSET COI dataset (discussed below), topologies among different datasets analyzed

under Bayesian and parsimony methods are fairly congruent.  Monophyly for the

subfamily Protoptilinae was recovered for all datasets under both Bayesian and
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parsimony approaches and most strongly supported (PP: ≥ 0.95; BS: ≥ 70) for the

TOTAL COMBO, TOTAL MORPH, SUBSET COMBO, and SUBSET MORPH

datasets.  For the COI SUBSET dataset, Protoptilinae was strongly supported in the

Bayesian analysis, but weakly supported in the parsimony analysis.  In all analyses and

all datasets, except the SUBSET COI dataset, Tolhuaca is sister to all Protoptilinae, and

is most strongly supported in analyses for the TOTAL MORPH and SUBSET MORPH

datasets.  A monophyletic Northern Clade (the “Old World” taxa + Matrioptila) was

recovered in all datasets with strong support under both Bayesian and parsimony

analyses.  A monophyletic group consisting of all Neotropical taxa minus Tolhuaca (=

Neotropical Clade) was recovered with strong support under Bayesian and parsimony

analyses of the TOTAL COMBO and TOTAL MORPH datasets. The Neotropical

Clade was recovered with weak support under parsimony and Bayesian methods for the

SUBSET COMBO dataset and Bayesian methods for the SUBSET MORPH dataset.

The Caribbean Clade (Campsiophora + Cariboptila + Cubanoptila) was strongly

supported in both analyses of the TOTAL COMBO, TOTAL MORPH, SUBSET

COMBO, and SUBSET MORPH datasets, and the Bayesian analysis of the SUBSET

COI dataset, but was not recovered in the parsimony analysis of SUBSET COI.

Due to limited sampling only a single species was represented for all but 4

protoptiline genera.  Therefore, results from analyses of the 3 SUBSET datasets

(MORPH, COMBO, COI), can neither refute nor support the monophyly of individual

genera.  Monophyly for individual genera must be assessed based on the 2 TOTAL

datasets (MORPH, COMBO).  Monophyly for the following genera was strongly

supported under both analyses for both TOTAL datasets: 1) Tolhuaca, 2) Protoptila, 3)
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Mastigoptila, 4) Canoptila, and 5) Culoptila.  A monophyletic Itauara was recovered in

all analyses but only strongly supported in the Bayesian analyses.  Although

Mortoniella was recovered as a monophyletic group in both analyses of the TOTAL

COMBO dataset, neither had strong nodal support and in the TOTAL MORPH dataset,

Mortoniella was paraphyletic.  Monophyly for the monotypic genera Scotiotrichia and

Merionoptila is neither refuted nor supported and their placement among the

Neotropical protoptiline genera remains ambiguous.

While some groups may have only found strong support under one method of

analysis or in a single dataset, monophyly for most of the aforementioned clades was

not contradicted, except in the analyses of the SUBSET COI dataset.   The SUBSET

COI dataset did not place Tolhuaca as sister to all Protoptilinae, but instead placed it

within the Neotropical clade as sister to either Protoptila (parsimony analysis) or nested

within Mortoniella (Bayesian analysis).  Additionally, the SUBSET COI dataset failed

to recover a monophyletic Caribbean Clade in the parsimony analysis.

Finally, since none of the datasets analyzed under parsimony or Bayesian

methods were able to recover monophyletic groups for the following taxa, their current

taxonomy is challenged.  These are: 1) Nepaloptila, 2) Padunia, 3) Campsiophora, 4)

Cariboptila, and 5) Cubanoptila.

Hypothesis testing

There was considerable topological incongruence between the COI and

morphological datasets, mostly concerning the placement of Tolhuaca.  Although

Tolhuaca was recovered as sister to all other Protoptilinae in all datasets except the
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SUBSET COI, the inclusion of COI data in the COMBO datasets lowered both

posterior probability and bootstrap values.  Additionally, in the COI dataset, Tolhuaca

was nested within the Neotropical clade with the Northern clade (Matrioptila and

Padunia) as sister to all other protoptilines.  To explore this apparent conflict in

evidence, trees with differing topologies were constructed to represent each of the 2

hypotheses: 1) The Northern taxa constrained within Protoptilinae and Tolhuaca

constrained to the outgroup (= Tolhuaca + Protoptilinae) (Figs. 41A, 42A), and 2)

Tolhuaca constrained within Protoptilinae and the Northern taxa constrained to the

outgroup (= Northern + Protoptilinae) (Figs. 41B, 42B).

Nonparametric Templeton and Bayesian test results fitting each dataset to the

two conflicting topologies are reported in Tables 7 and 8, respectively.   Nonparametric

tests failed to reject both hypotheses in analyses of the TOTAL COMBO, TOTAL

MORPH, SUBSET COMBO, and SUBSET COI datasets.  However, the Northern +

Protoptilinae hypothesis (Figs. 41B, 41B) was rejected in the analysis of the SUBSET

MORPH dataset (p-value = 0.0196).  In the Bayesian tests, the constraint topology

occurred at least once in each of the 95% confidence intervals, therefore failing to reject

either hypothesis for all datasets.

DISCUSSION

Effects of missing data in combined analysis

Approximately 70% of taxa from the TOTAL COMBO dataset are missing a

significant portion of the data (87% of total characters or 658 COI base pairs).
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Including incomplete taxa may obscure relationships among more complete taxa,

decrease the probability of finding the correct tree, lead to an increase in number of

equally parsimonious trees and decrease in resolution, or positively mislead model-

based methods (Huelsenbeck 1991, Lemmon et al. 2009, Wiens & Reeder 1995,

Wilkinson 1995).  Conversely, some studies suggest that including more taxa even

though they are lacking large amounts of data may actually improve phylogenetic

accuracy, resolution, and placement of taxa (Egge & Simons 2009, Kearney 2002,

Wiens 1998, 2003a, 2003b, 2005, 2006, Wiens 2009, Wiens & Reeder 1995).

Did the inclusion of COI characters with missing data obscure or improve the

phylogenetic estimate for Protoptilinae?   In the present study, including large amounts

of missing COI data in the parsimony analysis increased the number of MPTs from 2 to

20, and resulted in a slight decrease in resolution when compared to the morphology

only tree (Figs. 33, 35).  However, in the Bayesian analysis (Fig. 32), the resolution

slightly increased when compared to the morphology only tree (Fig. 34).  Such

differences in resolution may simply be an artifact of how the different analysis

programs treat missing data.  In MrBayes, missing characters are treated as missing

data, and therefore do not contribute any phylogenetic information to the analysis

(Ronquist et al. 2005).  However in PAUP*, missing data are coded with a “?” and

optimized as one of the other existing states (Strong and Lipscomb 1994, Wiens 1998).

Thus, in a parsimony analysis, taxa with missing entries may “bounce” around to

different positions on a tree, decreasing resolution and consequently lowering support

measures (Dos Santos & Falaschi 2007, Kearney & Clark 2003, Wilkinson 2003).

Nonetheless, the differences in resolution between the 2 analyses are minor, and none of
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the collapsing clades exhibited strong nodal support in the morphology tree.  Therefore,

the topologies resulting from analyses of the TOTAL MORPH and TOTAL COMBO

are largely congruent.

It appears that the combined approach was better able to recover the monophyly

of Mortoniella, despite the presence of a large portion of missing COI data for many

taxa.  Missing entries may not be as much of an issue when the overall number of

characters is large (Wiens 2006), as was the case with this study.  The independent

datasets (COI or morphology alone) may have been too “noisy” as a result of possible

convergence of morphological characters or multiple nucleotide substitutions in the COI

data.  The combination of these data may have provided just enough phylogenetic signal

to allow an otherwise suboptimal tree (which included a monophyletic Mortoniella) to

emerge as optimal.  Although support measures were lower for some higher-level

groups in the combined analyses, this may be more a result of character conflict

(discussed below) rather than effects of missing data (Kearney and Clark 2003).  The

fact that trees resulting from analyses of the SUBSET COMBO dataset (which did not

contain missing data) were congruent with the TOTAL COMBO dataset, is further

evidence that the inclusion of missing data did not have detrimental effects in this study.

Conflicting evidence between morphological and COI datasets

The consensus tree resulting from analyses of the SUBSET COI data is not

congruent with analyses of the other datasets (combined and morphology).  Differences

mostly involve the placement of Tolhuaca and the Northern Clade.  Analyses of

morphological data strongly place Tolhuaca as sister to all remaining protoptiline taxa
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(Figs. 38, 39), as do combined analyses, albeit with weaker support (Figs. 36, 37).

Indeed, the morphology of Tolhuaca is considered to be very primitive (complete wing

venation, presence of mesoscutellar warts, female oviscapt).  However, when the COI

data are analyzed separately, the Northern Clade (represented by Matrioptila jeanae and

Padunia lepnevae), was found to be sister to all remaining Protoptilinae and Tolhuaca

was placed either as sister to Protoptila or Mortoniella  (Figs. 40, 41).  Templeton tests

rejected the hypothesis that the Northern Clade is sister to all Protoptilinae in the

SUBSET MORPH dataset, but failed to reject it in all other datasets (Tab. 7).  Bayesian

hypothesis testing failed to reject the possibility of both hypotheses in all datasets (Tab.

8).

The mitochondrial COI gene, also known as the “DNA barcode,” is considered

to be rapidly evolving and thus more appropriate for phylogenetic analyses of closely

related taxa (Simon et al. 2006).  In Trichoptera, COI has been found to be most

informative and reliable for resolving relationships among genera at the tips of the tree

(Kjer et al. 2001).  However, in Protoptilinae COI, the tips of the tree were represeneted

by species and thus, COI may be inappropriate for resolving relationships at among-

genera or higher taxonomic levels.  Divergence values among protoptiline genera may

be too large, possibly resulting in numerous homoplasious substitutions at deeper levels

of the tree.  Although the COI data performed better at the species-level, grouping

species of Mastigoptila and Itauara, it still failed to recover a monophyletic Mortoniella

despite its supposed appropriateness for discerning relationships among closely related

taxa.
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The poor phylogenetic performance of COI in discerning relationships among

and within genera of Protoptilinae, may be the result of a combination of factors.  The

presence of long or uneven terminal branches separated by short internodes suggests

that long-branch attraction (LBA) may be playing a role (Felsenstein 1978). Bayesian

methods are not thought to be as susceptible to LBA because unlike parsimony, model-

based parametric methods can take into account branch lengths and unobserved

substitutions, given an appropriate model of evolution (Heath et al. 2008, Swofford et

al. 1996).  However, a recent study demonstrated that Bayesian methods are not always

immune to the effects of LBA, especially when nucleotide sites evolve heterogeneously

(Kolaczkowski & Thornton 2009).   The Bayesian COI tree is similar to the parsimony

tree, with both placing the Northern clade as sister to Protoptilinae, although the tips of

the trees are unstable.  This suggests that LBA may be responsible for the disagreement

between COI and morphology.

Finally, although the SUBSET datasets were complete (no missing data), the

analyses may have suffered from poor taxon sampling.  Of the 25 taxa sampled in these

datasets, only 9 of 17 protoptiline genera were represented, and for all but 4 of these

genera, only a single species was represented.  Insufficient taxon sampling can result in

decreased phylogenetic accuracy, resolution, and clade support (Heath et al. 2008,

Hedtke et al. 2006).  Additionally, Mortoniella was sampled more densely, with 6

species included in the analyses.  In sparsely sampled regions of the tree, less

phylogenetic information is available, so more densely sampled sections of the tree

(Mortoniella) will have longer branch lengths (Fitch & Bruschi 1987, Heath et al. 2008,
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Simon et al. 2006).  The addition of more taxa can increase accuracy by dispersing

homoplasy across the tree, thereby reducing the effects of LBA (Heath et al. 2008).

Differing support measures between analyses for same datasets

In this study, sometimes the same node was recovered in both the parsimony and

Bayesian analyses for a particular dataset, but with differing support values.  In general,

posterior probability values were higher than corresponding bootstrap values when

recovering several clades.  For example, in the SUBSET COI dataset, Bayesian

analyses assigned greater support than parsimony for Protoptilinae (PP: 1.00; BS: 53).

Similarly, for Itauara, Bayesian analyses yielded stronger support than parsimony in

both the TOTAL COMBO (PP: 0.98; BS: 56) and TOTAL MORPH (PP: 0.99; BS: 55)

datasets.  This is consistent to what other studies using both empirical and simulation

data found (Alfaro et al. 2003, Erixon et al. 2003, Leaché & Reeder 2002, Wilcox et al.

2002).  Posterior probability values have been interpreted as being comparable to

bootstrap values given the appropriate priors (Durbin et al. 1998, Efron et al. 1996,

Huelsenbeck et al. 2001), and approximate equivalent values for comparing the two

support measures have been proposed (Hillis & Bull 1993, Simmons et al. 2004, Zander

2004).  However, just as Bayesian and parsimony methods of phylogenetic inference

have different underlying assumptions, so do their respective confidence measures.

Posterior probability and bootstrap frequencies are not equivalent measures of

confidence (Alfaro et al. 2003, Erixon et al. 2003), and as such, each value must be

interpreted differently.  Posterior probabilities measure confidence that the hypothesis is

correct given the data and specified model (Alfaro et al. 2003, Lewis 2001a).  Bootstrap
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values measure the sensitivity of the results to sampling error associated with collecting

characters from hypothesized character distribution (Alfaro et al. 2003).  Consequently,

discrepancies between the two values can provide additional insight into the dataset

being analyzed (Alfaro et al. 2003).

Posterior probability values may be more sensitive to phylogenetic signal than

bootstrapping.  In Bayesian analysis, higher confidence can be assigned to short

internodes with small amounts of character change, and so may have lower incidences

of type II error (rejecting the correct hypothesis) (Alfaro et al. 2003, Erixon et al. 2003).

Bootstrapping, on the other hand, may require more data to obtain high confidence on

short internodes, even if those nodes are correct (Alfaro et al. 2003, Erixon et al. 2003).

However, PP may also be more susceptible to assigning high support values to very

short incorrect internodes (type I errors) (Alfaro et al. 2003, Erixon et al. 2003).  Of

course, bootstrapping with parsimony is not immune to type I error since it may be

more sensitive to LBA, and in those situations more likely to assign high support values

to incorrect internodes (Alfaro et al. 2003).  In this study, clades with high PP and

moderate BS values may indicate that the node in question 1) has a high probability of

being correct (given the present data and a correct model of evolution), and 2) is highly

sensitive to the underlying character matrix and may not be recovered when additional

characters are added (Alfaro et al. 2003, Holder & Lewis 2003).
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CONCLUSIONS

Concluding Remarks

This study was the first to test the monophyly of Protoptilinae and its included

genera and the first to hypothesize generic relationships by incorporating a large

morphological dataset (nearly 100 characters) and a thorough sampling of taxa

including representatives of all traditionally recognized genera and from all

biogeographic regions.  Additionally, this study was the first to infer phylogenetic

relationships within the family Glossosomatidae using molecular data.  The inclusion of

missing data in combined analyses did not pose much of a problem in this study.

Analyses of the independent COI dataset may have suffered from a number of problems

including long-branch attraction, duplication events, incomplete lineage sorting and the

retention of shared ancestral polymorphisms, or incomplete taxon sampling.  Although

relying solely on COI data yielded spurious results, including these data in a combined

analysis appears to have improved the overall phylogenetic signal.

As COI proved to be inappropriate for reconstructing protoptiline phylogeny at

the genus and higher levels, this study would benefit from the addition of other genes,

especially those that are considered more conservative.  For example, nuclear genes

may prove to be more phylogenetically informative at deeper regions of the tree.

Additionally, combining nuclear and mitochondrial data is useful because incongruence

(or congruence) can reveal important aspects of species histories (e.g., whether or not

shared ancestral polymorphisms are indeed a problem in Protoptilinae) (Simon et al.
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1994, Simon et al. 2006).  Additionally, increased taxon and character sampling may

improve the overall accuracy and resolution of the analyses.

Given the previous discussion, the Bayesian analysis of the TOTAL COMBO

dataset (Fig. 32), represents the best approximation of protoptiline phylogeny.  It

contains the most data (both morphology and COI) and includes the most taxa.

Additionally, the Bayesian analysis of the TOTAL COMBO dataset is more resolved

and has higher support values for several clades than the parsimony analysis.  Several

taxonomic changes are needed to accurately reflect this phylogeny.  As demonstrated by

this study, several taxa do not meet the criterion of reciprocal monophyly.  However,

classification changes reflect only clades that were strongly supported, not contradicted

in other analyses, and had supporting morphological evidence.  Such proposed changes

are discussed in following section.

A phylogenetic framework for classification and diagnoses of genera

Subfamily Protoptilinae Ross 1956:149

The monophyly of Protoptilinae has been corroborated by this study.

Monophyly was recovered in all analyses of all datasets, and strongly supported in all

except the parsimony analysis of the SUBSET COI dataset.  This study corroborated 2

of the 5 putative synapomorphies of Protoptilinae identified by Morse & Yang (1993)

including: 1) foretibial spur hair-like or absent (Fig. 6B) (character 17), 2) forewing

crossveins forming a relatively straight line along anastomosis (Fig. 7A) (character 47).

Morse & Yang (1993) also listed an absence of apical fork V in the forewing as a
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possible synapomorphy of Protoptilinae, but this analysis did not support that character.

Additionally, since larval characters were not included in this study, I was unable to

evaluate the putative larval characters (tarsal claw seta beside process; anal claw with 4

accessory hooks) suggested by Morse and Yang (1993).  A 3rd synapomorphy of

Protoptilinae identified in this study is the presence of a row of erect setae along the

Cu2 in the forewing is another unique synapomorphy of Protoptilinae (Fig. 7A)

(character 41).

Diagnosis of Protoptilinae

Protoptilines are very minute caddisflies.  As such, they may be confused with

members of the family Hydroptilidae; however, protoptilines can easily be separated

based on their presence of mesocutal setal warts.  Perhaps the most identifiable feature

of Protoptilinae is the absence of, or hair-like, foretibial spur.  Other distinctive features

include the row of erect setae along Cu2 in the forewing, and the linear aspect of the

forewing crossveins.

Adult.  Length of forewing: 1.5-6 mm.  Body, wings, and appendages pale

brown, tawny brown, or fuscous, often intermingled with rufous or golden hairs.  Wings

often with a few pale cream-colored or white hairs, specks or spots, and a transverse

line along anastomosis.  Forewing with long fringe of setae along apical margin; hind

wing with long fringe of setae along posterior margin.  Head broader than long, vertex

rounded.  3 ocelli.  Mesal setal warts of pronotum widely spaced, not touching mesally.

Mesoscutum with 2 pairs of setal warts; mesoscutellar setal warts usually absent, or if
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present, small and round.  Maxillary palps 5 segmented, 1st and 2nd segments short;

2nd segment bulbous; last 3 segments each nearly same length as 1st and 2nd segments

combined.  Tibial spur formula variable; foretibial preapical spur absent, foretibial

apical spur either absent or hairlike.  Fore- and hind wing venation variable, ranging

from complete to extremely reduced.  Forewing R1 unforked; crossveins, when visible,

forming a relatively straight line along the anastomosis; row of stout, erect setae present

along Cu2.  Male genitalia extremely variable among genera and species.  Preanal

appendages absent.

Genus Campsiophora Flint 1964

Campsiophora Flint 1964: 14 [Type species: Campsiophora pedophila Flint 1964,

original designation by monotypy]

Cariboptila Flint 1964: 17 [Type species: Cariboptila orophila Flint 1964, original

designation by monotypy] new synonym

Cubanoptila Sykora 1973, in Botosaneanu and Sykora 1973: 383 [Type species:

Cubanoptila cubana Sykora 1973, original designation by line priority] new

synonym

None of the analyses of each dataset in this study were able to recover a

monophyletic Campsiophora as historically constituted.  Flint (1964) established

Campsiophora and Cariboptila in the same paper, and distinguished the two genera

based on 1) the level of branching of the apical forks 1 and 2 relative to each other in

the forewing, and 2) the presence of a hair pencil on the inner surface of the forewing in
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Campsiophora.  However, differences in the relative position of the apical forks are

quite variable and homoplastic throughout the subfamily and one of the 2 states must be

pleisiomorphic and thus not appropriate for defining taxa by cladistic standards.

Additionally, the hair pencil in the forewing is not consistently found in all

Campsiophora.  Sykora (in, Botosaneanu & Sykora 1973), distinguished Cubanoptila

from other protoptiline genera based on features of the antennae, wing venation, and a

plate-like tergum VIII.  While the presence of small spines on the 3rd antennal article

does appear to be unique to Cubanoptila, the other characters proposed for the

establishment of Cubanoptila are not and in these analyses, the Cubanoptila species are

nested within Cariboptila, and thus not reciprocally monophyletic at the generic level.

Furthermore, larval morphology of the 3 genera is not significantly different, with all 3

possessing tarsal claws with a short and broad seta.  Therefore, to accurately reflect

phylogeny, the following species are hereby transferred to Campsiophora (all new

combinations): C. aurulenta (Flint), C. botosaneanui (Kumanski), C. caab

(Botosaneanu), C. calcigena (Flint), C. cubana (Sykora), C. guajira (Botosaneanu), †

C. grimaldii (Wichard), C. hispaniolica (Flint), C. jamaicensis (Flint), † C. longiscapa

(Wichard), C. madremia (Botosaneanu), C. mathisi (Flint and Sykora), † C. mederi

(Wichard), C. muybonita (Botosaneanu), C. orophila (Flint), C. paradoxa (Flint and

Sykora), † C. poinari (Wichard), C. poquita (Botosaneanu), C. purpurea (Sykora), C.

soltera (Botosaneanu), C. tridens (Botosaneanu), C. trispinata (Flint).

Monophyly of the redefined Campsiophora was strongly supported in all

analyses (except the parsimony analysis of the SUBSET COI dataset) with the

following 3 unique synapomorphies: 1) antennal scape greater than or equal to 3 times
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the length of the pedicel (Fig. 6A) (character 3), 2) tergum IX dorsal lateral process

bearing 1 or more elongate apical setae (Figs. 16A,C) (character 73), 3) inferior

appendages present as a broad, highly setose, prominent plate-like projection fused

basoventrally to phallobase (Figs. 16A, B) (character 82).

Diagnosis of Campsiophora (Figs. 6A, 7C, 7D, 8, 16-18)

Perhaps the most distinctive feature of the genus Campsiophora is its extremely

long antennal scape (Fig. 6A), which is often associated with androconia.  Many species

also have stout setae along the 3rd antennal segment, although this is not completely

diagnostic for the genus.  Another diagnostic feature is the short discoidal cell in the

forewing.  The males of two species of Padunia (P. falcata and P.  Phyllis) also have a

short discoidal cell, but in these species the wings are highly modified.  Cariboptila is

most similar in forewing venation to Canoptila, Itauara, and Mastigoptia based on the

presence of forks I, II, and III, the intersection of Cu1 and Cu2 near anastomosis, and

the loss of A3.  However, Cariboptila can be distinguished from these genera based on

its presence of a short discoidal cell.  The hind wing venation of Cariboptila is nearly

identical to that of Canoptila, Scotiotrichia, and Protoptila, having only apical fork II

and with only a single anal vein, yet can be differentiated from these genera based on

features of the forewing and male genitalia.

Diagnostic characters of the male genitalia include the broad, highly setose

plate-like inferior appendages, the digitate process of tergum IX, which usually bears 1

or more elongate apical seta, and the lateral branches of tergum X whose dorsolateral

margins have sclerotized short, flattened, inwardly curved processes or irregular setose
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processes and ventrolateral margins bearing one or several large, highly sclerotized

spines or spine-like setae.  The male genitalia of Cariboptila is most similar to

Culoptila in that both are completely lacking, or have a strap-like shaped, sternum IX,

and an enlarged phallobase.  The two genera are easily differentiated by differences in

the shape of terga IX and X, the inferior appendages, and wing venation.  The genera

Tolhuaca and Scotiotrichia also have a reduced sternum IX and enlarged phallobase,

but can be easily separated from Cariboptila by other genitalic features and differences

in wing venation.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs.  Wings often with a few pale cream-colored or white hairs,

spots, or transverse line along anastomosis and small white specks or spots along apical

margin.  Head broader than long, vertex rounded, either with 1 distinct pair, 1 divided

pair, or 2 distinct pairs of suboval anterior setal warts, small or large suboval posterior

warts, suboval or triangular and bulging posterolateral setal warts.  Ocelli present.

Antennal scape more than 3 times the length of pedicel, often with androconia; 3rd

antennal segment occasionally with stout spine-like setae (Fig. 6A).  Maxillary palps 5

segmented, 1st and 2nd segments short; 2nd segment bulbous; last 3 segments each

nearly same length as 1st and 2nd segments combined.  Prothorax with 2 large

subtriangular or suboval pronotal setal warts.  Mesothorax wider than long, without

apparent tegular glands; mesoscutum with pair of suboval, or occasionally elongate

anteromesal setal warts, suboval posterolateral warts; mesoscutellum sparsely setose,

without distinct setal warts.  Forewing (Figs. 7C, 8A, 8C) relatively narrow, with
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margins nearly parallel, apex oblique.  Males occasionally with hair pencil along anal

margin (Fig. 8C) or callosity in anal or apical costal region of forewing.  Forewing

venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct along

their entire lengths; fork I sessile or only slightly petiolate with extremely short stem;

fork II petiolate or sessile, when petiolate, stem shorter or about the same length as fork;

fork III petiolate, stem usually longer than fork, occasionally the same length; Cu1

complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis, or

completely fused; row of erect setae present along Cu2; A3 absent; crossveins forming

a relatively linear transverse cord; discoidal cell shorter than Rs vein.  Hind wing (Figs.

7D, 8B, 8D) narrow and scalloped past anastomosis; apical fork II present; Sc and R1

fused basally; A2 absent.  Tibial spurs either 0,4,4 or 1,4,4, foretibial spur extremely

reduced and hairlike.  Sixth sternal process present, shape variable, ranging from

flattened dorso-ventrally, short and digitate, to thumb-like and prominent, apex also

variable, either pointed, rounded, or subquadrate, often associated with weak oblique

apodeme posteriorly.

Male genitalia (Figs. 16-18).  Preanal appendages absent.  Tergum VIII

occasionally forming dorsal plate that subtends tergum IX and X (Fig. 17A, 17B).

Sternum VIII without modification.  Segment IX anterior margin rounded or fairly

straight, posterolateral margin without lateral process or lobes; tergum IX well

developed, relatively broad, with paired, dorsolateral, often digitate, process usually

bearing 1 or more elongate apical seta; sternum IX usually completely absent, or if

present, consisting only of a small ventral membranous strap.  Tergum X subtended by

tergum IX; dorsomesal margin bifid or subquadrate, or with a single broad, plate-like
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process, or irregular with several small processes; dorsolateral margin with sclerotized

short, flattened, inwardly curved process, or with irregular setose processes;

ventrolateral margin bearing one or several large, highly sclerotized spines or spine-like

setae, directed mesad.  Inferior appendages present, ventrally as broad, highly setose,

prominent plate-like projection fused ventrobasally to phallobase, often invaginated

apicomesally, with setose, elongate, broad and plate-like, or multilobed lateral

appendages.  Parameres absent.  Phallobase extremely enlarged, sclerotized, and

occupying nearly all of genital capsule, forming ventral portion of genitalia.  Phallic

apparatus with 1 to several pairs of elongate phallic spines and/or highly curving

processes.  Endophallus membranous, enlarged and convoluted when invaginated.

Female genitalia.  (Females unknown for many species.)  Truncate posteriorly,

not extensible.  Abdominal segment VIII broad or short, sometimes incomplete

midventrally with an elongate sclerite.  Sternum IX often forming triangular lobes.

Segments IX and X closely associated, with pair of small digitate cerci dorsolaterally

Genus Canoptila Mosely 1939

Canoptila Mosely 1939: 218 [Type species: Canoptila bifida Mosely 1939, original

designation].

All of the analyses recovered a strongly supported monophyletic Canoptila.  A

weak sister relationship between Scotiotrichia and Canoptila was recovered in the

parsimony analysis of the TOTAL MORPH dataset.  The analysis confirmed a putative

unique synapomorphy identified by Robertson & Holzenthal (2006): the presence of
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membranous and digitate parameres (character 86) (Figs. 15B,D). However, the

presence of long spine-like posterolateral process on tergum X and wing venational

features were not found to be unambiguous synapomorphies of Canoptila

Diagnosis of Canoptila (Figs. 5B, 9A, 9B, 15, 31B)

As noted by Robertson and Holzenthal (2006), the genus Canoptila is easily

identified by the presence of certain structures of the male genitalia (Fig. 15): 1) a pair

of long spine-like processes on the posterolateral margins of tergum X, and 2) paired,

highly membranous digitate parameres arising basoventrally on the endotheca.

Canoptila is most similar in forewing venation (Fig. 9A) to Cariboptila, Itauara, and

Mastigoptia based on the presence of forks I, II, and III, the intersection of Cu1 and

Cu2 near anastomosis, and the loss of A3.  However, Canoptila can be distinguished

from these species by the length of the stem of fork II: in Canoptila the stem is longer

than the fork whereas in the other genera, the stem is shorter or as long as the fork.

Hind wing (Fig. 9B) venation of Canoptila is nearly identical to that of Scotiotrichia,

and is very similar to Cariboptila and Protoptila having only apical fork II present and

with only 1 anal vein.  Although indistinguishable from Scotiotrichia, the hind wings of

Cariboptila and Protoptila are narrow and scalloped past the anastomosis, whereas in

Canoptila, the margins are nearly parallel.  Canoptila has telescopic glandular

structures (Fig. 5B) arising from the tegulae, as in many species of Culoptila.  However,

in Culoptila, these structures are “concertina-shaped” (Mosely 1954) and positioned

posterolaterally, whereas in Canoptila, they are tubular in shape and arise more

anteriorly.
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Adult.  Body, wings, and appendages nearly uniformly fuscous or tawny brown,

tibia and tarsi yellowish brown.  Head (Fig. 5B) broader than long, vertex rounded, with

large anteromesal setal wart, 2 distinct pairs of suboval anterior setal warts, small

suboval posterior setal warts, suboval or triangular and bulging posterolateral setal

warts.  Ocelli present.  Antennal scape less than or equal to 2 times the length of

pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments short with elongate setae

apically; 2nd segment bulbous; last 3 segments each nearly same length as 1st and 2nd

segments combined.  Prothorax with 2 large subtriangular or suboval pronotal setal

warts.  Mesothorax (Fig. 5B) wider than long, with paired telescopic tegular glands;

mesoscutellum sparsely setose, without distinct setal warts.  Forewing (Fig. 9A)

relatively narrow, with margins nearly parallel, apex oblique.  Male without apparent

forewing callosity.  Forewing venation incomplete, with apical forks I, II, and III

present; Sc and R1 distinct along their entire lengths; fork I sessile; fork II petiolate,

stem longer than fork; fork III petiolate, stem longer than fork; Cu1 complete, reaching

wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present

below Cu2; A3 absent; crossveins forming a relatively linear transverse cord; discoidal

cell longer than Rs vein.  Hind wing (Fig. 9B) margins nearly parallel, tapering only

slightly past anastomosis; apical fork II present; Sc and R1 fused basally; A2 absent.

Tibial spurs 1,4,4, foretibial spur extremely reduced and hairlike.  Sixth sternal process

(Fig. 15A) elongate and digitate, apex subacute, associated with weak oblique apodeme

posteriorly.

Male genitalia (Fig. 15).  Preanal and inferior appendages absent.  Segment IX

anterior margin fairly straight; tergum IX well developed, relatively broad, simple,
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without processes; sternum IX uniformly narrow, mesally, without modification.

Tergum X completely fused to tergum IX forming a ridge at line of fusion; dorsomesal

margin bifid or subquadrate; dorsolateral margin with highly setose, rounded or

subquadrate lobes; ventrolateral margin with paired very elongate, spine-like process

directed inwardly.  Parameres present, arising laterally from endotheca, membranous,

bulbous, with sclerotized or asperous apices.  Phallobase reduced, lightly sclerotized,

with paired row or patches of setae ventrolaterally.  Endophallus highly membranous,

enlarged and convoluted when evaginated, bearing 1 to several pairs of large, pointed,

sclerotized processes, lightly sclerotized apically or with terminal sclerite.

Female genitalia (Fig. 31B).  (Female known only for C. williami Robertson and

Holzenthal.) Truncate posteriorly, not extensible.  Abdominal segment VIII short,

synscleritous, posterolateral margin slightly incised.  Segments IX and X closely

associated, with pair of small digitate cerci dorsolaterally.

Genus Culoptila Mosely 1954

Culoptila Mosely 1954: 336 [Type species: Culoptila aluca Mosely 1954, original

designation].

Monophyly for Culoptila was strongly supported in all analyses with the

following unique synapomorphies:  1) an incomplete Cu1 on the forewing (character

38), and 2) inferior appendages comprised of simple, paired, long or short process,

fused to one another basally and to ventral surface of phallobase (character 82).

Blahnik and Holzenthal (2006) hypothesized that Culoptila was most closely related to
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the Caribbean genera Campsiophora, Cariboptila, and Cubanoptila.  In this study, a

sister relationship between Culoptila and the Caribbean taxa was recovered in the

parsimony analysis of the TOTAL MORPH dataset, and both analyses of the SUBSET

MORPH dataset, albeit without nodal support.

Diagnosis of Culoptila (Figs. 3B, 3C, 4, 7A 7B, 19)

The genus Culoptila can be identified by both forewing and hind wing venation.

In the forewing, only apical forks I-IV are present, fork V is absent.  Additionally, Cu1

is incomplete, not reaching the wing margin.  In the hind wing, only apical forks II and

III are present.  Another distinctive feature, although not completely diagnostic for the

genus as already noted by Blahnik and Holzenthal (2006), is the presence of enlarged

tegulae on the mesothorax of males, which accommodate an extensible concertina-like

glandular structure.  The genus Canoptila also possesses extensible glandular structures

associated with the tegulae, but differ in shape from those of Culoptila.

Other diagnostic features of the genus occur in the male genitalia, most

notably the absence or extreme reduction of sternum IX, and a greatly enlarged

phallobase.  As noted above, and in Robertson and Holzenthal (2005) and Blahnik and

Holzenthal (2006), the genera Cariboptila and Tolhuaca have similar reductions of the

sterna and inflated phallobases, however these genera can be easily separated from

Culoptila based on differences in wing venation and other characters of the male

genitalia.  Another diagnostic feature of Culoptila is the presence of an apical

phallotremal sclerite, although this structure is sometimes difficult to see and may not

be easily identified (Blahnik and Holzenthal 2006).
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Adult.  Body, wings, and appendages pale brown to fuscous. Wings often with

white transverse line along anastomosis or conspicuous spot at the the arculus.  Head

broader than long, vertex rounded, with pair of small anteromesal setal warts, pair of

distinct, suboval anterior setal warts, small suboval posterior setal warts, suboval or

triangular and bulging posterolateral setal warts.  Ocelli present.  Antennal scape less

than or equal to 2 times the length of pedicel.  Maxillary palps 5 segmented, 1st and 2nd

segments short; 2nd segment bulbous; last 3 segments each nearly same length as 1st

and 2nd segments combined.  Prothorax with 2 large subtriangular or suboval pronotal

setal warts.  Mesothorax shape variable, usually wider than long, but occasionally

longer than wide to accommodate enlarged tegulae of males bearing paired concertina-

shaped glandular processes; mesoscutum with pair of elongate anteromesal setal warts,

suboval posterolateral warts; mesoscutellum sparsely setose, without distinct setal

warts.  Forewing (Fig. 7A) relatively narrow, with margins nearly parallel, apex

oblique.  Male without apparent forewing callosity.  Forewing venation incomplete,

with apical forks I, II, III, and IV present; Sc and R1 distinct along their entire lengths;

fork I petiolate, but with extremely short stem; fork II petiolate or sessile, stem shorter

than fork; fork III petiolate, stem longer than fork; fork IV petiolate, stem about the

same length of fork; Cu1 incomplete, not reaching wing margin; Cu1 and Cu2

intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing (Fig. 7B) narrow and scalloped past anastomosis; apical forks II and III

present; Sc and R1 fused basally; A2 present, not looped.  Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike.  Sixth sternal process present, short, often
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somewhat circular in lateral view, apex subquadrate or rounded, associated with weak

oblique apodeme posteriorly.

Male genitalia (Fig. 19).  Preanal appendages absent. Segment IX anterior

margin rounded; tergum IX well developed, relatively broad, simple, without processes;

sternum IX absent.  Tergum X incompletely fused to tergum IX with membrane or

lightly sclerotized region ventrolaterally; dorsomesal margin subquadrate; dorsolateral

margin without processes; ventrolateral margin with paired elongate processes attached

ventrolaterally to IXth and directed ventrally and sometimes anteriorly.  Inferior

appendages present (except in C. cantha and C. plummerensis Blahnik and Holzenthal

2006), as simple, paired long or short appendages, fused to one another basally and to

ventral surface of phallobase.  Parameres absent.  Phallobase extremely enlarged, lightly

sclerotized, and occupying nearly all of genital capsule, with sclerotized, projecting

apex posterodorsally.  Phallic apparatus with 1 or 2 phallic spines of varying length and

shape.

Female genitalia.  (Females unknown for many species.)  Truncate posteriorly,

not extensible.  Abdominal segment VIII short, usually synscleritous, but sometimes

incomplete midventrally and laterally.  Segments IX and X closely associated, with pair

of small digitate cerci dorsolaterally.

Genus Itauara Müller 1888

Itauara Müller 1888: 275 [Type species: Antoptila brasiliana Mosely 1939, subsequent

selection by Flint, Holzenthal, and Harris 1999].
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Antoptila Mosely 1939: 219 [Type species: Antoptila brasiliana Mosely 1939, original

designation] Flint, Holzenthal, and Harris 1999, to synonymy.

A monophyletic group consisting of 4 described Itauara species + 17

undescribed species (incertae sedis) was recovered in all analyses of this study.  The

new species of Itauara are described in Chapter 3 of this dissertation.  The unique

synapomorphy of Itauara is the presence of a dorsal sheath covering a ventral

membranous portion of the phallus (character 95).

Diagnosis of Itauara (Figs. 9C, 9D, 20)

The genus Itauara can be identified by features of the male genitalia.  The

phallic apparatus consists of a sclerotized dorsal sheath covering a very membranous

ventral portion, an apparent posterior extension of the phallobase or phallicata.  In some

species, this sclerotized dorsal sheath seems to detach from the ventral membrane

apically to reveal a single dorsomesal process or spine (e.g., I. amazonica).  Mortoniella

has a similar dorsomesal process or spine, but in Mortoniella it arises internally from

the phallobase, whereas in Itauara it appears to arise dorsobasally from this sclerotized

sheath.  In some species (I. guarani and I. plaumanni), the sheath produces a

dorsolateral flange, although this character is not diagnostic for the genus.  Another

genitalic feature characteristic of Itauara is an extremely reduced phallobase.  In most

species, the phallobase is barely visible, consisting of a small, very lightly sclerotized or

an entirely membranous structure.  The genera Mastigoptila and Canoptila display

similar reductions or absences of the phallobase, but can easily be separated from
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Itauara by other genitalic characters.  When present (they have been lost in many

species), the inferior appendages are rather distinct for Itauara, consisting of a single or

apically bifid process produced mesally and fused to the phallobase ventrobasally.

The forewing venation of Itauara is most similar to that of Cariboptila and

Canoptila, with apical forks I-III and a lack of 3A.  Canoptila can be differentiated

from Itauara by having stout setae occurring below Cu2 whereas in Itauara the setae

occur along the vein.  Cariboptila can be differentiated from Itauara by the presence of

a short discoidal cell, that of Itauara being long.  The hind wing venation of Itauara is

variable, with either with apical forks II, III, and V, II and V, III only (I.  amazonica), or

II only.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi yellowish brown (Fig. 2A).  Wings often with

partial white transverse line along anastomosis not reaching costal margin, or often with

conspicuous white spot at the arculus (Fig. 2A).  Head broader than long, vertex

rounded, with pair of small anteromesal setal warts or with large anteromesal setal wart,

either 1 distinct pair or 1 divided pair of suboval anterior setal warts, small or large

suboval posterior warts, suboval or triangular and bulging posterolateral setal warts.

Ocelli present.  Antennal scape less than or equal to 2 times the length of pedicel.

Maxillary palps 5 segmented, 1st and 2nd segments short; 2nd segment bulbous; last 3

segments each nearly same length as 1st and 2nd segments combined.  Prothorax with 2

large subtriangular or suboval pronotal setal warts.  Mesothorax wider than long,

without apparent tegular glands; mesoscutum with pair of suboval anteromesal setal
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warts, suboval posterolateral warts; mesoscutellum sparsely setose, without distinct

setal warts.  Forewing (Fig. 9C) usually relatively narrow, with margins nearly parallel,

occasionally narrowed past anastomosis or much reduced, apex oblique or rounded.

Male occasionally with callosity present in apical costal region of forewing.  Forewing

venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct along

their entire lengths; fork I sessile or only slightly petiolate with extremely short stem;

fork II petiolate or sessile, when petiolate, stem length variable; fork III petiolate, stem

variable in length; Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near

anastomosis; row of erect setae present along Cu2; A3 absent crossveins forming a

relatively linear transverse cord; discoidal cell longer than Rs vein.  Hind wing (Fig.

9D) margins nearly parallel, tapering only slightly past anastomosis, or narrow and

scalloped past anastomosis; venation variable, either with apical forks II, III, and V

present, II and V present, III present (I.  amazonica), or II present; Sc and R1 fused

basally or converging near wing margin; A2 absent.  Tibial spurs 1,4,4, rarely 1,3,4,

foretibial spur extremely reduced and hairlike.  Sixth sternal process present, short and

digitate or thumb-like and prominent, apex rounded or attenuate and pointed, usually

associated with oblique apodeme posteriorly.

Male genitalia (Fig. 20).  Segment IX anterior margin rounded, posterolateral

margin without lateral process or lobes; tergum IX usually strap-like or narrow, simple,

without processes; sternum IX uniformly narrow, mesally, without modification, except

in I. brasiliana, which bears 2 pairs of elongate, seta-like processes.  Tergum X

incompletely fused to tergum IX ventrolaterally or rarely (I.  amazonica) completely

fused and indistinct from tergum IX, shape extremely variable; dorsomesal margin may
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be simple without processes, bifid apicomesally, with a single broad, plate-like process,

or irregular with several small processes; dorsolateral margin either a simple structure

without processes, or more commonly with small paired lobes, elongate, down-turned,

finger-like process, or irregular setose processes; ventrolateral margin with paired

elongate or broad flange-like processes directed ventrally and sometimes anteriorly, or

with one or more irregular, paired, setose, digitate lobes directed posteriorly, or with

paired.  Inferior appendages either present or absent; when present, consisting of single

or apically bifid process produced mesally, broadest at base and fused to phallobase

ventrobasally.  Parameres present except in I. brasiliana, arising either ventrobasally

from fused endotheca and phallobase or laterally from endotheca, sclerotized, shape

variable.  Phallobase extremely reduced and difficult to discern.  Phallic apparatus with

sclerotized dorsal sheath covering membranous ventral portion, sometimes receding to a

single dorsomesal process arising dorsobasally from phallobase, phallicata occasionally

with dorsolateral flange, or occasionally with dorsomesal spine arising posteriorly to

phallobase.  Endophallus highly membranous, enlarged and convoluted when

evaginated, occasionally bearing small apical spine-like sclerites and processes.

Female genitalia.  (Females unknown for many species.)  Truncate posteriorly,

not extensible.  Abdominal segment VIII short, synscleritous, posterolateral margin

slightly incised.  Segments IX and X closely associated, with pair of small digitate cerci

dorsolaterally.
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Genus Mastigoptila Flint 1967

Mastigoptila Flint 1967: 49 [Type species: Mastigoptila curvicornuta Flint 1967,

original designation].

Monophyly of Mastigoptila was supported in all analyses in this study.  A

synapomorphy of Mastigoptila is markedly asymmetrical inferior appendages, fused to

the phallocrypt ventrobasally (character 82) (Fig. 20A).

Diagnosis of Mastigoptila (Figs. 12C, 12D, 21)

The most distinctive feature of Mastigoptila is the profoundly asymmetrical

aspect of the male genitalia.  The phallic apparatus is tubular, asymmetrical, and often

arcuate.  The inferior appendages form an asymmetrical complex consisting of

differently shaped and sized right and left setose appendages, which are fused together

basally and ventrobasally with a lightly sclerotized phallocrypt.  In some species, one of

the inferior appendages also bears an elongate spinelike process.  Another identifying

feature is the presence of an elongate whiplike process arising from membranes of the

phallocrypt on one side of the genitalia.  The phallobase is also apparently absent.

The forewing venation of Mastigoptila is similar to that of Canoptila and

identical to some species of Itauara.  The forewing of Mastigoptila can be differentiated

from Canoptila by having a sessile apical fork II.  Mastigoptila is easily separated from

Itauara based on differences in the male genitalia.
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Adult.  Body, wings, and appendages nearly uniformly fuscous.  Wings

sometimes with a light spot at the arculus and faint transverse line along anastomosis.

Head broader than long, vertex rounded, pair of distinct, suboval anterior setal warts,

small suboval posterior setal warts, suboval or triangular and bulging posterolateral

setal warts.  Ocelli present.  Antennal scape less than or equal to 2 times the length of

pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments short with elongate setae

apically; 2nd segment bulbous; last 3 segments each nearly same length as 1st and 2nd

segments combined.  Prothorax with 2 large subtriangular or suboval pronotal setal

warts.  Mesothorax wider than long, of some species with tegular glands (check this);

mesoscutum usually with pair of elongate anteromesal setal warts, although

occasionally the entire region is setose with no distinct patch, suboval posterolateral

warts; mesoscutellum sparsely setose, without distinct setal warts.  Forewing relatively

narrow, with margins nearly parallel, apex oblique.  Male without apparent forewing

callosity.  Forewing venation incomplete, with apical forks I, II, and III present; Sc and

R1 distinct along their entire lengths; fork I sessile; fork II sessile; fork III petiolate,

stem about the same length as fork, occasionally slightly longer; Cu1 complete,

reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae

present below Cu2; A3 absent; crossveins forming a relatively linear transverse cord;

discoidal cell longer than Rs vein.  Hind wing margins nearly parallel, tapering only

slightly past anastomosis; apical forks II, III, and V present; Sc and R1 converging near

wing margin; A2 absent.  Tibial spurs either 0,4,4 or 1,4,4, foretibial spur extremely

reduced and hairlike.  Sixth sternal process present, flattened laterally, apex attenuate
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and pointed, often associated with weak oblique apodeme posteriorly.  Seventh sternum

occasionally with small mesal point.

Male genitalia.  Preanal appendages absent.  Segment IX anterior margin

rounded, posterolateral margin without lateral process or lobes; tergum IX strap-like,

simple, without processes; sternum IX uniformly narrow, mesally, without

modification.  Tergum X incompletely fused to tergum IX with membrane or lightly

sclerotized region ventrolaterally; dorsomesal margin subquadrate or excavate;

dorsolateral margin either hoodlike, without processes or with 1 or more large, horn-like

processes; ventrolateral margin usually simple, but occasionally bearing small lobes or

processes.  Inferior appendages present, markedly asymmetrical, consisting of elongate

spine-like processes and setose lobes, sometimes bifid, fused to phallocrypt

ventrobasally.  Parameres absent.  Phallobase apparently absent.  Phallic apparatus

asymmetrical, tubular and often arcuate with posteriorly projecting apex, sclerotized or

rugose, with small membranous protuberances, highly convoluted internal membranes

with occasional small spines.

Female genitalia. (Females unknown for most species.)

Genus Merionoptila Schmid 1959

Merionoptila Schmid 1959: 482 [Type species: Merionoptila wygodzinskyi Schmid

1959, original designation].

Schmid (1959) suggested that the monotypic genus Merionoptila was most

closely related to Antoptila (=Itauara) than the other known protoptiline genera.  This
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study can neither refute nor support that possibility since the placement of Merionoptila

remains unresolved.  The following are apomorphies of Merionoptila: 1) stem of

forewing fork I longer than fork (character 26) (Fig. 10A), 2) forewing crossvein r-m

absent (character 45) (Fig. 10A), 3) sternum VI mesal process absent, and 4) inferior

appendage bulbous, fused ventromedially to the endotheca and projecting ventrad

(character 82) (Fig. 22A, C).

Diagnosis of Merionoptila (Figs. 10A, 10B, 22)

This monotypic genus has quite distinctive morphology among protoptilines.  Its

thorax is quite broad, it has highly setose legs and eyes, and extremely reduced wings –

all apparently adaptations for surface skating across water, a behavior first reported by

Wygodzinski in a letter to Schmid (1959).  The forewing is reduced in size, but has

rather typical venation, with apical forks I-III present, although fork I may be difficult

to see.  The hind wing is even more reduced, and it is nearly impossible to discern the

venation.  The male genitalia of Merionoptila is rather simple, with a sclerotized,

tubular phallic apparatus, directed dorsally at the apex.  Inferior appendages are quite

distinct, consisting of a highly setose, bulblike process, projecting ventrally and fused

basally to the ventral portion of phallobase.

Adult.  Body, wings, and appendages nearly uniformly fuscous.  Head broader

than long, vertex rounded, with pair of small anteromesal setal warts, pair of distinct,

suboval anterior setal warts, small suboval posterior setal warts, suboval or triangular

and bulging posterolateral setal warts.  Ocelli present.  Antennal scape less than or equal
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to 2 times the length of pedicel.  Eyes setose.  Maxillary palps 5 segmented, 1st

membranous bulb, 2nd segment very short; last 3 segments each nearly same length as

1st and 2nd segments combined..  Thorax broad and robust.  Prothorax with 2 large

subtriangular or suboval pronotal setal warts.  Mesothorax wider than long, without

apparent tegular glands; mesoscutum with pair of suboval anteromesal setal warts,

suboval posterolateral warts; mesoscutellum sparsely setose, without distinct setal

warts.  Forewing (Fig. 10A) much reduced, apex rounded.  Male without apparent

forewing callosity.  Forewing venation incomplete, with apical forks I, II, and III

present, fork I very difficult to discern; Sc and R1 distinct along their entire lengths;

fork I petiolate; fork II petiolate, stem longer than fork; fork III petiolate, stem longer

than fork; Cu1 complete, reaching wing margin; Cu1 and Cu2 completely fused; row of

erect setae present along Cu2; A3 absent; crossveins difficult to discern, but apparently

forming a relatively linear transverse cord; discoidal cell longer than Rs vein.  Hind

wing (Fig. 10B) extremely reduced; apical forks not clearly identifiable; Sc and R1

fused basally; A2 absent.  Mesothoracic legs extremely setose.  Tibial spurs 0,2,4.

Sixth sternal process absent.

Male genitalia (Fig. 22).  Preanal appendages absent.  Segment IX anterior

margin rounded; tergum IX uniformly narrow, simple, without processes; sternum IX

uniformly narrow, mesally, without modification.  Tergum X fused to tergum IX

dorsomesally, or "hinged"; dorsomesal margin divided or bifid apicomesally;

dorsolateral margin with small paired lobes; ventrolateral margin with irregular, paired

setose lobes.  Inferior appendages present, bulbous, highly setose, fused ventromedially

to endotheca and projecting ventrad.  Parameres absent.  Phallobase not apparently
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reduced.  Phallic apparatus simple, tubular, projecting posteriorly, without spines or

processes.  Endophallus membranous, enlarged and convoluted when invaginated.

Female genitalia.  (A female specimen for this monotypic genus has not been

positively associated with the male.  In the original description, Schmid reported that a

single female was captured, but at a different locality from the type specimens captured.

Thus, only basic female genitalic characters are briefly described.)  Truncate

posteriorly, not extensible.

Genus Mortoniella Ulmer 1906

Mortoniella Ulmer 1906: 95 [Type species: Motoniella bilineata, by monotypy].

Mexitrichia Mosely 1937: 158 [Type species: Mexitrichia leroda, original designation]

Blahnik and Holzenthal 2008, to synonymy.

Paraprotoptila Jacquemart 1963: 342 [Type species: Paraprotoptila armata, by

monotypy] Flint, Holzenthal, and Harris 1999, to synonymy.

A monophyletic Mortoniella including a single undescribed species from Brazil

was recovered with weak support in analyses of the TOTAL COMBO and SUBSET

COMBO datasets.  However, in analyses of the TOTAL MORPH and SUBSET

MORPH datasets, Mortoniella was found to be paraphyletic, and in the SUBSET COI

dataset, polyphyletic.  Blahnik and Holzenthal (2008) synonomized Mexitrichia with

Mortoniella based on similarities of the male genitalia and the fact that Mexitrichia was

historically defined based on the presence of apical fork V in the hind wing, a

pleisiomorphic character for Trichoptera. It is perhaps the retention of this and other
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primitive characters (e.g. an unmodified tergum X and sternum VIII), which accounts

for the difficulty in recovering its monophyly in some datasets.  We sampled species

from both Mortoniella and “Mexitrichia,” as previously defined.  Based on

morphological evidence, and the fact that a monophyletic Mortoniella that included the

“Mexitrichia” species was recovered in combined analyses, the decision by Blahnik and

Holzenthal (2008) to synonymize Mexitrichia with Mortoniella is justified by this

study.  A synapomorphy of Mortoniella is that the inferior appendages form a

composite structure consisting of paired processes fused together basally and to the

ventral margin of the phallic apparatus and ventrolaterally to the endotheca, with

associated articulated appendages fitting into pockets (character 82) (Figs. 23A, D).

Diagnosis of Mortoniella (Figs. 2B, 11A, 11B, 23)

The genus Mortoniella is diagnosed based on several unique structures of the

male genitalia, termed the “phallic ensemble” by Blahnik and Holzenthal (2008).  The

male genitalia is characterized by the presence of a dorsomesal spine or process arising

internally from the phallobase, which varies in shape among species.  The dorsomesal

spine or process articulates with the phallicata, which sometimes bears a dorsolateral

process that may function as a guide for the spine (Blahnik and Holzenthal 2008).

Tergum X is usually excavate dorsomesally to accommodate the spine.  Some species

of Itauara have a similar dorsomesal spine, but in this genus, the spine arises posteriorly

as an apparent extension of the phallobase.  The inferior appendages of Mortoniella are

also distinct among protoptilines.  They are fused to one another basally, to the ventral

part of endotheca, and enclose a pair of sclerotized pockets on the mesal surface.  These
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pockets are associated with pair of small, digitate, articulated appendages arising from

the posteroventral part of the phallobase.  Members of the genus Protoptila also bear

the small articulated appendages that fit into associated pockets.  However, in

Protoptila, the inferior appendages are apparently absent.  The two genera can also be

separated based on differences in the shape of tergum X, the lack of a dorsomesal spine

in Protoptila, and sternum VIII, which is posteriorly projecting in Protoptila but

unmodified in Mortoniella.

The forewing venation of Mortoniella is most similar to Protoptila, with apical

forks I, II, and III present, a completely fused Cu1 and Cu2, and the retention of 3A

(although in some species of both genera, 3A is lost).  However, Mortoniella can

sometimes be distinguished by the row of erect setae, which is positioned only slightly

below the Cu2 vein in Mortoniella, but far below the Cu2 vein in Protoptila.  The hind

wing venation of Mortoniella is quite variable, with either apical forks II, III, and V, II

and III, or II only present.

Adult.  Body, wings, and appendages nearly uniformly fuscous or tawny brown.

Wings often with white transverse line along entire length of anastomosis (Fig. 2B).

Head broader than long, vertex rounded, either 1 distinct pair or 1 divided pair of

suboval anterior setal warts, large suboval posterior setal warts, suboval or triangular

and bulging posterolateral setal warts.  Ocelli present.  Antennal scape less than or equal

to 2 times the length of pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments

short; 2nd segment bulbous; last 3 segments each nearly same length as 1st and 2nd

segments combined.  Prothorax with 2 large subtriangular or suboval pronotal setal
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warts.  Mesothorax wider than long, without apparent tegular glands; mesoscutum with

pair of suboval anteromesal setal warts, suboval posterolateral warts; mesoscutellum

sparsely setose, without distinct setal warts.  Forewing (Fig. 11A) shape variable,

relatively broad past anastomosis in most species, more narrow in others, apex rounded,

occasionally with scale-like setae.  Male without apparent forewing callosity.  Forewing

venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct along

their entire lengths; fork I sessile; fork II sessile; fork III petiolate, stem variable in

length; Cu1 complete, reaching wing margin; Cu1 and Cu2 completely fused; row of

erect setae present slightly below Cu2; A3 when present, looped; crossveins forming a

relatively linear transverse cord; discoidal cell longer than Rs vein.  Hind wing (Fig.

11B) shape variable, relatively broad past anastomosis in most species, more narrow

with margins nearly parallel in other species; venation variable, either with apical forks

II only, or II and III, or II, III, and V present; Sc and R1 fused basally; A2 when present,

looped.  Tibial spurs either 0,4,4 or 1,4,4, foretibial spur extremely reduced and hairlike.

Sixth sternal process present, shape variable, subtriangular, elongate and digitate, short

and digitate, or laterally flattened, apex rounded or attenuate and pointed, usually

associated with oblique apodeme posteriorly.

Male genitalia (Fig. 23).  Preanal appendages absent.  Segment IX anterior

margin rounded, posterolateral margin without lateral process or lobes; tergum IX

uniformly narrow, simple, without processes; sternum IX uniformly narrow, mesally,

without modification.  Tergum X fused to tergum IX dorsomesally, or "hinged";

dorsomesal margin excavate, divided or bifid apicomesally, but sometimes with single,

prominent, elongate process; dorsolateral margin without processes, as small paired



95

lobes, or with irregular setose processes; ventrolateral margin without processes, with

irregular, paired setose lobes, or with one or more irregular, paired, setose, digitate

lobes directed posteriorly.  Inferior appendages present, forming a composite structure

consisting of paired processes fused together basally, ventrolaterally to endotheca, and

to ventral margin of phallobase associated with articulated appendages.  Phallobase with

small pair of articulated digitate, rod-like appendages with membranous apices,

associated with modified pockets ventrobasally.  Parameres present, arising

dorsolaterally from endotheca, sclerotized, sinuous or mostly straight.  Phallic ensemble

with single dorsomesal spine or process emerging internally from phallobase.

Endophallus membranous, enlarged and convoluted when invaginated, sometimes with

sclerotized regions and spines.

Female genitalia. (Females unknown for many species.)  Truncate posteriorly,

not extensible.  Abdominal segment VIII short, synscleritous, posterolateral margin

slightly incised, dorsal and ventral margins sometimes invaginated posteromesally.

Segments IX and X closely associated, with pair of small digitate cerci dorsolaterally.

Genus Padunia Martynov 1910

Padunia Martynov 1910: 425 [Type species: Padunia adelungi Martynov 1910, original

designation by monotypy]

Matrioptila Ross 1956: 164 [Type species: Protoptila jeanae Ross 1938, original

designation] new synonym

Nepaloptila Kimmins 1964: 37 [Type species: Nepaloptila coei Kimmins 1954, original

designation] new synonym
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Poeciloptila Schmid 1991: 243 [Type species: Poeciloptila falcata Schmid 1991,

original designation] new synonym

Temburongpsyche Malicky 1995: 15 [Type species: Temburongpsyche anakan Malicky

1995, original designation] new synonym

Uenotrichia Tsuda 1942: 228 [Type species: Uenotrichia fasciata Tsuda 1942, original

designation by monotypy] Fischer 1971, as senior synonym of Padunia; Marshall

1979, as junior synonym of Padunia

The Northern Clade is comprised of genera from the East Palaearctic and

Oriental regions (Padunia, Nepaloptila, Poeciloptila, Temburongpsyche) and the

Nearctic region (Matrioptila).   In all the TOTAL datasets, a paraphyletic Nepaloptila is

basal to a subclade containing these remaining genera.  Within this subclade, Padunia

as traditionally constituted, was recovered as a paraphyletic taxon in all analyses of the

TOTAL datasets.  Additionally, a sister relationship was consistently found between the

type species, Padunia adelungi, and Matrioptila jeanae.  Relationships of the remaining

5 Padunia species included in the analyses were either unresolved or paraphyletic,

interspersed with species of Poeciloptila and Temburongpsyche.

Kimmins (1964) remarked that the male genitalia of Nepaloptila resembled that

of Matrioptila but differentiated the two based on Nepaloptila’s retention of fork V in

the forewing.  However, complete wing venation is pleisiomorphic for Trichoptera and

thus this character is not appropriate for defining Nepaloptila by current cladistic

standards.  Likewise, Ross (1956) defined Matrioptila based on several pleisiomorphic

characters (retention of fork V in the hind wing, separate course of Cu2 in forewing,
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and distinct claspers in male genitalia).  Although Matrioptila can be distinguished from

the other Northern genera by the loss of fork V in forewing, this fork has been lost

independently several times throughout Protoptilinae and at this taxonomic level, may

simply be autapomorphic for the species.  Poeciloptila was primarily defined by two

male genitalic features: 1) membranous lateral faces of segment X, which enables the

Xth segment to “rock downwards”, and 2) large ventral branch of phallus (Schmid

1991).  However, examination of Poeciloptila revealed the lateral faces of tergum X to

be lightly sclerotized and immobile, rather than membranous, a characteristic that is not

uncommon in other protoptiline genera.  Furthermore, the ventral branch of the phallus

is not unique to Poeciloptila, being present in some species of Padunia, Nepaloptila,

and Matrioptila.  Malicky (1995) established Temburonpsyche as a new genus based on

its broad, ring-like segment IX, reduction of various “appendices” in the form of

“finger”-like processes along the margin of the IXth, large-sized phallus, and tibial spur

formula (0,3,3).  Yet, a broad ring-like segment IX is pleisiomorphic in Trichoptera.

Additionally, many of these genera have a somewhat enlarged phallus and the various

finger-like processes along the IXth margin are most likely homologous to similar

processes in some species of the other genera, which have also undergone a reduction.

Finally, Matrioptila shares the 0,3,3 spur formula, so this character is not unique to

Temburongpsyche.  Furthermore, Malicky (1995) also remarked that the wing venation

of Temburongpsyche corresponds closely to that of Padunia and Poeciloptila, and the

head and thoracic warts are similar to those of Nepaloptila.

To sum, many of these genera were defined solely on pleisiomorphic characters

or features that are not unique to the particular taxon.  Although the larvae of
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Nepaloptila, Poeciloptila and Temburongsyche are unknown, the larvae of Matrioptila

and Padunia are very similar – both construct dorsoventrally flattened cases, have

“trifid” tarsal claws with 3 equally sized processes, and similarly shaped mesonotal

sclerites.  Furthermore, the female genitalia of these 5 genera are very similar in shape.

Therefore, to accurately reflect phylogeny, the following species are hereby transferred

to Padunia (all new combinations): P. almodad (Malicky and Chantaramongkol), P.

anakan (Malicky), P. atyalpa (Schmid), P. jeanae (Ross), P. coei (Kimmins), P. falcata

maculata (Tian &  Li), P. phyllis (Malicky & Chantaramongkol).  Additionally, P.

briatec (Malicky and Chantaramongkol) is hereby transferred to Padunia (revived

combination).

Monophyly of this newly defined Padunia was recovered in all analyses based

on the following synapomorphies: 1) phallobase with dorsal margin a sclerotized sheath

produced anteriorly, with ventral margin membranous or absent (character 90) (Figs.

24A, B); 2) segments VIII and IX of the female genitalia are fused (character 99) (Fig.

31C).

 Diagnosis of Padunia (Figs. 6D, 13, 14, 24-27, 31C)

The male genitalia of Padunia are quite variable among species.  Nonetheless,

the genus can be diagnosed principally by the structure of the phallobase.  The

phallobase is very elongate and tubular with a dorsal margin consisting of a sclerotized

sheath produced anteriorly.  Ventrally, the phallobase is not sclerotized, but highly

membranous, or even apparently absent.  Another distinctive feature of Padunia is the

subtriangular aspect of the anterior margin of segment IX.  However, this character is
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not completely diagnostic for the genus since the segment IX anterior margin of one

species is slightly rounded (P.  coei) and another is straight (P. anaken).  The female

genitalia of Padunia is also distinct among protoptilines, with segments VIII, IX, and X

fused together dorsally.  Another diagnostic feature of Padunia is the presence of a pair

of distinct setal patches on the mesoscutellum.  These patches differ from the round

conspicuous setal warts present in Tolhuaca, but because they may be difficult to see,

for most species, they may be easily overlooked and have not been rendered or

discussed in any species diagnoses or descriptions.

The forewing venation of Padunia is either complete (P. coei, P. kanikar, P.

jisunted, P. ruangjod) or incomplete, with apical forks I, II, and V present.  While

Tolhuaca also has complete forewing venation (pleisiomorphic for Trichoptera), the

latter condition (presence of apical forks I, II, and V only), is unique among

Protoptilinae.  The hind wing of Padunia is most similar to certain species of Itauara,

having apical forks II and V present, however the two genera can be easily separated

based on differences in the male genitalia.

Adult.  Body, wings, and appendages nearly uniformly fuscous.  Wings often

with conspicuous white, broad, transverse mark in anal region and along anastomosis.

Head broader than long, vertex rounded, pair of distinct, suboval anterior setal warts,

large suboval posterior setal warts, suboval or triangular and bulging posterolateral setal

warts.  Ocelli present.  Antennal scape less than or equal to 2 times the length of

pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments short; 2nd segment

bulbous; last 3 segments each nearly same length as 1st and 2nd segments combined.
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Prothorax with 2 large subtriangular or suboval pronotal setal wart, occasionally

covered with dense scale-like setae.  Mesothorax shape usually wider than long, but

longer than wide in P.  jeanae, without apparent tegular glands; mesoscutum with pair

of elongate anteromesal setal warts, suboval posterolateral warts; mesoscutellum with

pair of small, round, distinct setal patches.  Forewing (Figs. 13A, 13C, 14A, 14C)

relatively broad past anastomosis or with margins nearly parallel, apex rounded or

subacute, occasionally with scale-like setae.  Male occasionally with callosity present in

anal and apical costal region of forewing.  Forewing venation either complete or

incomplete; when incomplete, with apical forks I, II, and V present; Sc and R1 usually

distinct along their entire lengths, occasionally intersecting near costal margin; fork I

sessile or only slightly petiolate with extremely short stem; fork II sessile or only

slightly petiolate with extremely short stem; fork III petiolate, stem about the same

length as fork; fork IV petiolate, stem about the same length of fork; fork V petiolate, or

sessile; Cu1 complete, reaching wing margin; Cu1 and Cu2 distinct along their entire

lengths; row of erect setae present along Cu2; A3 when present, looped; crossveins

forming a relatively linear transverse cord; discoidal cell longer than Rs vein, except in

P.  falcata and P.  phyllis in which the males have highly modified wings with a broad

half-ellipse shaped flap along the costal margin that folds down to cover about half the

wing.  Hind wing margins nearly parallel, tapering only slightly past anastomosis;

venation variable, either with apical forks II only, or II and III, or II, III, and V present

(bilineata species group); Sc and R1 separate or converging near wing margin; A2

absent.  Tibial spurs variable, either 0,4,4; 0,4,3; 0,3,3; or 1,4,3, foretibial spur

extremely reduced and hairlike.  Males occasionally with finger-like lateral process on
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sternum V associated with glandular structures (Fig. 6D).  Sixth sternal process present,

short and digitate, elongate and digitate, or tooth-like point, apex rounded or attenuate

and pointed, usually associated with oblique apodeme posteriorly.

Male genitalia (Figs. 25-27).  Tergum VII and VIII interstitial region

occasionally with glandular structure dorsomesally and dorsolaterally.  Segment IX

anterior margin usually subtriangular, or rarely, slightly rounded (P.  coei) or straight

(P. anaken), posterolateral margin occasionally with lateral processes or lobes; tergum

IX well developed, relatively broad; sternum IX usually narrow, occasionally broad (P.

anaken).  Tergum X completely fused to and indistinct from segment IX, except in P.

anakan in which tergum X appears to be membranous.  Inferior appendages present,

although often vestigial, or 2 distinct appendages fused to one another basally, attached

ventrally to phallus and articulating with IX (P.  jeanae) or fused completely and

integrated with segment IX, forming either elongate or short paired ventrolateral

processes or single ventromesal process, sometimes bifid.  Parameres absent.

Phallobase simple, elongate tubular structure, dorsal margin with sclerotized sheath

produced anteriorly, with membranous or apparently absent ventral margin.  Phallic

apparatus occasionally with apical ventral branch and bearing 1 or more apical spines.

Female genitalia (Fig. 31C).  Truncate posteriorly, not extensible.  Abdominal

segment VIII syncleritous, anterolateral margin slightly subtriangular or projecting,

posterolateral margin often deeply incised.  With segments VIII, IX, and X fused,

bearing pair of short digitate cerci apically.
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Genus Protoptila Banks 1904

Protoptila Banks 1904: 215 [Type species: Beraea ? maculata Hagen 1861, original

designation].

A monophyletic Protoptila was strongly supported in all analyses and based on

the following synapomorphies suggested by Blahnik and Holzenthal (2006): 1)

phallobase with an axe-shaped dorsal apodeme (character 93) (Fig. 28C); 2) sternum

VIII projecting medially and subtending segment IX to which it is partially fused

(character 63) (Figs. 28A, B).  A 3rd synapomorphy of Protoptila includes a

ventromesal process on sternum IX projecting posteriorly (character 72) (Figs. 28A, B).

Diagnosis of Protoptila (Figs. 2C, 3A, 6E, 11C, 11D, 28).

The genus Protoptila can be recognized by several distinct features of the male

genitalia.  The dorsum of the phallobase has an enlarged, flattened, often axe-shaped

phallic apodeme.  Protoptila can also be characterized by the shape of sternum VIII,

which projects posteriorly and subtends sternum IX, to which it is often fused.

Additionally, tergum VIII usually has elongate setae along its posterior margin.

Tergum X is also distinct among protoptilines, composed of lateral branches, with basal

and apical portions.  Like Mortoniella, Protoptila also has small, sclerotized digitate

articulated appendages attached to the phallobase ventrally that fit into modified

pockets on posteroventral portion on the phallobase.  However, unlike Mortoniella,

Protoptila apparently lacks the associated inferior appendages.  The two genera can also

be separated by differences in the shape of tergum X, and sternum VIII.
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The forewing venation is most similar to Mortoniella, with apical forks I, II, and

III present, a completely fused Cu1 and Cu2, and 3 anal veins present (although some

species of both genera have lost 3A).  However, the two can usually be separated by the

row of erect setae, which is positioned far below the Cu2 vein in Protoptila.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi yellowish brown.  Wings often with a few

pale cream-colored or white hairs, spots, or transverse line along anastomosis and small

white specks or spots along apical margin (Fig. 2C).  Head broader than long, vertex

rounded, either 1 distinct pair or 1 divided pair of suboval anterior setal warts, small

suboval posterior setal warts, suboval or triangular and bulging posterolateral setal

warts.  Ocelli present.  Antennal scape less than or equal to 2 times the length of

pedicel.  Maxillary palps (Fig. 6E) 5 segmented, 1st and 2nd segments short; 2nd

segment bulbous; last 3 segments each nearly same length as 1st and 2nd segments

combined.  Prothorax with 2 large subtriangular or suboval pronotal setal wart,

occasionally covered with dense scale-like setae.  Mesothorax wider than long, without

apparent tegular glands; mesoscutum with pair of suboval anteromesal setal warts,

although occasionally the entire region is setose with no distinct patch, suboval

posterolateral warts; mesoscutellum sparsely setose, without distinct setal warts.

Forewing (Fig. 11C) relatively narrow, with margins nearly parallel, apex oblique.

Male without apparent forewing callosity.  Forewing venation incomplete, with apical

forks I, II, and III present; Sc and R1 distinct along their entire lengths; fork I sessile;

fork II sessile; fork III petiolate, stem longer than fork; Cu1 complete, reaching wing
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margin; Cu1 and Cu2 completely fused; row of erect setae present below Cu2; A3 when

present, looped; crossveins forming a relatively linear transverse cord; discoidal cell

longer than Rs vein.  Hind wing (Fig. 11D) narrow and scalloped past anastomosis;

apical fork II present; Sc and R1 fused basally; A2 absent.  Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike.  Sixth sternal process present, flattened laterally or

subtriangular, apex attenuate and pointed, usually associated with oblique apodeme

posteriorly.

Male genitalia (Fig. 28).  Preanal appendages absent.  Tergum VIII posterior

margin with elongate setae.  Sternum VIII projecting medially and subtending segment

IX.  Segment IX anterior margin rounded, posterolateral margin occasionally with

lateral processes or lobes; tergum IX usually strap-like or narrow, simple, without

processes; mesally, with ventromesal projection posterad.  Tergum X partially fused to

tergum IX, consisting of lateral branches with basal and distal segments, often

articulated; dorsomesal margin divided or bifid apicomesally.  Inferior appendages

absent.  Parameres either present or absent; when present, arising laterally from

endotheca, often membranous basally, with apical sclerotization and spine, variable in

shape.  Phallobase not apparently reduced, with enlarged, flattened, often axe-head

shaped apodeme dorsally; small pair of articulated digitate, rod-like appendages with

membranous apices, associated with modified pockets ventrally; and often with paired,

posteriorly projecting processes.  Phallic apparatus with varying shape of phallicata, and

associated spines and processes.  Endophallus membranous, enlarged and convoluted

when invaginated, sometimes with sclerotized regions and spines.
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Female genitalia.  Truncate posteriorly, not extensible.  Abdominal segment

VIII short, synscleritous, posterolateral margin slightly incised.  Sternum VIII often

with rounded ventrolateral lobes.  Segments IX and X closely associated, with pair of

small digitate cerci dorsolaterally.

Genus Scotiotrichia Mosely 1934

Scotiotrichia Mosely 1934: 160 [Type species: Scotiotrichia ocreata Mosely 1934,

original designation].

Placement of the monotypic genus Scotiotrichia remains unresolved.  A sister

relationship between Scotiotrichia and Canoptila was weakly supported in the

parsimony analysis of the TOTAL MORPH dataset.

Diagnosis of Scotiotrichia (Figs. 10C, 10D, 29)

Scotiotrichia can be recognized by distinct features of the male genitalia and

forewing venation.  Among protoptilines, the forewing venation of Scotiotrichia is

unique, having only apical forks I and II.  The male genitalia is simple, with a greatly

enlarged and hood-like tergum X.  Segment IX is narrow dorsally and straplike

ventrally.  The phallobase is greatly enlarged, and has a pair of small lateral processes

medially, and another pair posterlaterally.  The endophallus of Scotiotrichia is large and

highly membranous and contains a pair of large, tooth-like processes ventrally. The

male genitalia is quite reminiscent of that of Tolhuaca in that both have large

phallobases, strap-like sterna IX, and large endophallic membranes.  However, the
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shape of the phallobase differs between the two genera:  that of Tolhuaca is rounded

and much more produced apicomesally whereas in Scotiotrichia, the dorsal and ventral

margins are straight.  Culoptila and Cariboptila also have enlarged phallobases and

strap-like or absent sterna IX, but can easilt be differentiated from Scotiotrichia based

on their retention of inferior appendages, and numerous other differences.

Adult.  Head broader than long, vertex rounded, pair of distinct, suboval anterior

setal warts, large suboval posterior setal warts, suboval or triangular and bulging

posterolateral setal warts.  Ocelli present.  Antennal scape less than or equal to 2 times

the length of pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments short; 2nd

segment bulbous; last 3 segments each nearly same length as 1st and 2nd segments

combined.  Prothorax with 2 large subtriangular or suboval pronotal setal warts.

Mesothorax wider than long, without apparent tegular glands; mesoscutum with pair of

suboval anteromesal setal warts, suboval posterolateral warts; mesoscutellum sparsely

setose, without distinct setal warts.  Forewing (Fig. 10C) relatively narrow, with

margins nearly parallel, apex oblique.  Male without apparent forewing callosity.

Forewing venation incomplete, with apical forks I and II present; Sc and R1 distinct

along their entire lengths; fork I sessile; fork II petiolate; Cu1 complete, reaching wing

margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present below

Cu2; A3 absent; crossveins difficult to discern, but apparently forming a relatively

linear transverse cord; discoidal cell longer than Rs vein.  Hind wing (Fig. 10D)

margins nearly parallel, tapering only slightly past anastomosis; apical fork II present;

Sc and R1 fused basally; A2 absent.  Tibial spurs 1,2,3, foretibial spur extremely
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reduced and hairlike.  Sixth sternal process present, short and digitate, apex rounded,

associated with strong oblique apodeme posteriorly.

Male genitalia (Fig. 29).  Preanal and inferior appendages absent.  Segment IX

anterior margin rounded, posterolateral margin without lateral process or lobes; tergum

IX strap-like, simple, without processes; sternum IX strap-like, mesally, without

modification.  Tergum X extremely large and hoodlike, without processes or lobes,

incompletely fused to tergum IX with membrane or lightly sclerotized region

ventrolaterally; dorsomesal margin subquadrate.  Inferior appendages absent.

Parameres absent.  Phallobase extremely enlarged, lightly sclerotized with small, stout

setae ventrally, medially with small, paired lateral processes, apicomedially with

smaller paired processes .  Phallic apparatus simple, without spines or processes.

Endophallus membranous, enlarged and convoluted when invaginated, bearing single

pair of tooth-like downturned spines ventrally.

Female genitalia.  Rather elongate posteriorly, but not apparently extensible.

Abdominal segment VIII syncleritous, relatively short.  Segments IX and X closely

associated, with pair of small digitate cerci dorsolaterally.

Genus Tolhuaca Schmid 1964

Tolhuaca Schmid 1964: 336 [Type species: Tolhuaca cupulifera Schmid 1964, original

designation].

Monophyly of Tolhuaca was strongly supported in all analyses.  Furthermore, a

sister relationship to the remaining Protoptilinae was found in all analyses, except the in
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the SUBSET COI dataset.   Synapomorphies of Tolhuaca include a highly inflated,

barrel-shaped phallobase and an absence of inferior appendages, although these are not

unique to the genus.

Diagnoses of Tolhuaca Figs. 5A, 6B, 6C, 12A, 12B, 30, 31A)

The genus Tolhuaca can be recognized by features of the thorax, and male and

female genitalia.  Among protoptilines, Tolhuaca is distinct in having a pair of

conspicuous round setal warts on the mesoscutellum, the pleisiomorphic condition in

Trichoptera. Padunia also has setal warts on the mesoscutellum, but they differ from

those of Tolhuaca in being more patch-like and less conspicuous.  The phallobase of

Tolhuaca is extremely enlarged and barrel-shaped, with a sclerotized projection

apicomesally. An additional distinct feature includes the large, tubular endophallus,

which is highly membranous and contains several sclerotized spines and other internal

structures.  The male genitalia is similar to that of Scotiotrichia, Cariboptila, and

Culoptila – each have enlarged phallobases and reduced or absent sterna IX.  However,

these genera can be separated based on differences in the shape of the phallobase and

numerous other characters.  The female genitalia is also unique among Protoptilinae.  It

is elongate and oviscapt, and has 2 pairs of rod-like internal apodemes.  The female

genitalia of Scotiotrichia is also rather elongate, but does not appear to be oviscapt, and

lacks the rod-like apodemes.  The forewing venation of Tolhuaca is complete, like that

of some species of Padunia, yet these genera are easily separated by numerous

characters of the male genitalia.
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Adult.  Tibia and tarsi yellowish brown.  Head (Fig. 5A) broader than long,

vertex rounded, with pair of small anteromesal setal warts, pair of distinct, elongate

anterior setal warts, large suboval posterior setal warts, suboval or triangular and

bulging posterolateral setal warts.  Ocelli present.  Antennal scape less than or equal to

2 times the length of pedicel.  Maxillary palps 5 segmented, 1st and 2nd segments short

with elongate setae apically; 2nd segment bulbous; last 3 segments each nearly same

length as 1st and 2nd segments combined.  Prothorax (Fig. 5A) with 2 large

subtriangular or suboval pronotal setal warts.  Mesothorax (Fig. 5A) longer than wide,

without apparent tegular glands; mesoscutum with pair of elongate anteromesal setal

warts, suboval posterolateral warts; mesoscutellum with pair of small, round, distinct

setal warts.  Forewing (Fig. 12A) relatively broad past anastomosis, apex rounded, with

erect or retrorse setae along some veins, most noticeably along Cu2.  Male without

apparent forewing callosity.  Forewing venation complete; Sc and R1 distinct along

their entire lengths; fork I petiolate, but with extremely short stem, or sessile; fork II

sessile; fork III petiolate, stem shorter than fork; fork IV petiolate, stem shorter than

fork; fork V sessile; Cu1 complete, reaching wing margin; Cu1 and Cu2 distinct along

their entire lengths; row of erect setae present along Cu2; A3 looped; crossveins

forming a relatively linear transverse cord; discoidal cell longer than Rs vein.  Hind

wing (Fig. 12B) broad past anastamosis; apical forks II, III, and V present; Sc and R1

fused basally or converging near wing margin; A2 present, looped.  Tibial spurs 1,4,4,

foretibial spur extremely reduced and hairlike (Fig. 6B, 6C).  Sixth sternal process

present, thumb-like and prominent or elongate and digitate, apex rounded, associated

with strong oblique apodeme posteriorly.
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Male genitalia (Fig. 30).  Preanal and inferior appendages absent.  Segment IX

anterior margin rounded; tergum IX well developed, relatively broad, simple, without

processes; sternum IX strap-like.  Tergum X completely fused to tergum IX but with

membranous connection visible; dorsomesal margin divided or bifid apicomesally;

dorsolateral margin without processes; ventrolateral margin with small, irregular, paired

setose lobes.  Parameres absent.  Phallobase extremely enlarged, barrel-shaped, lightly

sclerotized with small, stout setae, without processes, produced and sclerotized

apicomesally.  Phallic apparatus simple, without spines or processes.  Endophallus

membranous, greatly enlarged, and rather tubular when evaginated, with sclerous spines

or rod-like structures internally.

Female genitalia (Fig. 31A).  Extensible oviscapt.  Abdominal segment VIII

syncleritous, about as wide as long.  Internally, with 2 pairs of long, slender sclerotized

rod-like apodemes arising from the lateral margins of segments VIII and IX and

extending cephalad to segments VI and VII, respectively.  Segments IX and X closely

associated, with pair of small digitate cerci dorsolaterally.

Key to the Subfamilies of Glossosomatidae

1. Forewing R1 forked ............................................................ Glossosomatinae

Forewing R1 unforked..................................................................................2

2.(1) Forewing with row of erect setae along or below Cu2, foretibial spur absent or

hairlike ...................................................................................Protoptilinae

Forewing without row of erect setae, foretibial spur well developed...............

.................................................................................................Agapetinae
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Key to the Word Genera of Protoptilinae

1. Phallobase absent or extremely reduced (Figs. 15B, 20A, 21A)................... 3

Phallobase present, not reduced (Figs. 15B, 22A, 23A, 28C)....................... 2

2. Phallobase extremely enlarged (Figs. 16A, 17A, 18C, 19, 24B, 25C, 26, 27B,

29A, 30A) ............................................................................................... 9

Phallobase not extremely enlarged, moderately sized (Figs. 22A, 23A, 28A) .

.................................................................................................................5

3(1). Male genitalia markedly asymmetrical (Fig. 21D); forewing row of stout setae

below Cu2, approximately halfway between Cu2 and 1A (Fig. 12C)

...............................................................................................Mastigoptila

Male genitalia not markedly asymmetrical; forewing row of stout setae along or

just slightly below Cu2 ............................................................................4

4(3). Tergum X with pair of long, spine-like processes arising from posterolateral

margin; parameres membranous, with sclerotized apices (Figs. 15B-D)

..................................................................................................  Canoptila

Tergum X without pair of long, spine-like processes arising from posterolateral

margin; parameres absent, or when present, sclerotized (Fig. 20) ................

.......................................................................................................Itauara

5(1). Phallobase with small, digitate rod-like articulated appendages associated with

sclerotized pocket on venter (Figs. 23A, 23D, 28C) ................................. 6

Phallobase without small, digitate rod-like articulated appendages associated

with sclerotized pocket ............................................................................ 7

6(5). Sternum VIII projecting posteriorly (Fig. 28A, 28B), subtending segment IX;

row of stout setae below Cu2, approximately halfway between Cu2 and 1A

(Fig. 11C) ................................................................................. Protoptila

Sternum VIII unmodified; forewing row of stout setae along or just slightly

below Cu2 (Fig. 11A) ............................................................. Mortoniella
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7(5). Fore- and hind wings extremely reduced in size (Figs. 10A, 10B)

.............................................................................................  Merionoptila

Fore- and hind wings not extremely reduced ............................................... 8

8(7). Forewing with apical forks I, II, and V (Figs. 13A, 13C, 14A, 14C); tergum X

without pair of long, spine-like processes arising from posterolateral margin;

parameres absent, or when present, sclerotized; phallobase elongate and

tubular, with sclerotized dorsal margin projecting anteriorly, ventral margin

open or membranous (Figs. 24A, 24B, 25A, 25C, 25E, 26, 27A, 27B, 29A,

29C) ............................................................................................ Padunia

Forewing with apical forks I-III present (Fig. 9A); tergum X with pair of long,

spine-like processes arising from posterolateral margin; parameres

membranous, with sclerotized apices; phallobase not elongate and tubular,

lightly sclerotizated with paired row or patches of setae ventrolaterally (Figs.

15B, 15C, 15D) ..........................................................................Canoptila

9(2). Tergum X greatly enlarged and hoodlike (Fig. 29A); forewing row of stout setae

below Cu2; forewing with apical forks I and II (Fig. 10C) ....  Scotiotrichia

Tergum X not greatly enlarged or hoodlike; forewing row of stout setae along

Cu2........................................................................................................ 10

10(9). Forewing Cu1 incomplete, not reaching wing margin; with apical forks I-IV

(Fig. 7A).........................................................................................Culoptila

Cu1 complete, reaching wing margin ........................................................ 11

11(10). Mesoscutellum with pair of distinct, round setal warts (Fig. 5A); endophallus

very membranous, greatly enlarged and elongate when evaginated, twice or

more the length of segments IX and X (Fig. 30B) ......................  Tolhuaca

Mesoscutellum sparsely setose or with pair of indistinct setal patches (Fig. 5B);

endophallus not apparent or not greatly enlarged or elongate when evaginated

.............................................................................................................. 12
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12(11). Forewing with apical forks I, II, and V (Figs. 13A, 13C, 14A, 14C); sternum

IX not absent or reduced; antennal scape length less than or about equal to 2

times the length of pedicel ........................................................... Padunia

Forewing with apical forks I-III present (Figs. 7C, 8A, 8C); sternum IX absent or

extremely reduced (Figs. 16A, 17A, 18A); antennal scape length greater than

or equal to 3 times the length of pedicel (Fig. 6A)..............  Campsiophora
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Species Country # Specimens Type
Ptilocolepus granulatus Austria, Switzerland 2 –
Anagapetus debilus United States 2 –
Glossosoma alascense United States 2 –
Glossosoma intermedium United States 2 –
Agapetus rossi United States 2 –
Agapetus species (Australia) Australia 1 –
Tolhuaca cupulifera Chile 8 Holotype
Tolhuaca brasiliensis Brazil 3 Holotype
Nepaloptila coei Nepal 1 Holotype
Nepaloptila kanikar Thailand 3 Paratype
Nepaloptila jisunted Thailand 1 Paratype
Nepaloptila ruangjod Thailand 1 Paratype
Matrioptila jeanae United States 4 –
Padunia adelungi Mongolia 8 –
Padunia alpina Japan 2 Paratype
Padunia forcipata Japan 4 –
Padunia burebista Thailand 2 Paratype
Padunia lepnevae Russia 1 –
Padunia karaked Thailand 4 Paratype
Poeciloptila atyalpa India 2 Holotype
Poeciloptila falcata India 2 Holotype
Poeciloptila briatec Thailand 3 Paratype
Poeciloptila maculata China 1 –
Temburongpsyche anaken Brunei 1 Paratype
Scotiotrichia ocreata Argentina 4 Holotype
Merionoptila wygodzinskyi Argentina 2 Holotype
Campsiophora pedophila Puerto Rico 4 Paratype
Campsiophora arawak Jamaica 4 Paratype
Campsiophora mulata Cuba 3 Paratype
Cariboptila aurulenta Dominican Republic 3 Paratype
Cariboptila caab Dominican Republic 7 Paratype
Cariboptila hispanolica Dominican Republic 8 Paratype
Cariboptila jamaicensis Jamaica 3 Paratype
Cariboptila orophila Puerto Rico 4 Paratype
Cubanoptila botosaneanui Cuba 3 Paratype
Cubanoptila cubana Cuba 9 Paratype
Cubanoptila muybonita Cuba 4 Paratype
Cubanoptila purpurea Cuba 5 Paratype
Culoptila cascada Costa Rica 3 Holotype
Culoptila hamata Costa Rica 3 Holotype
Culoptila thoracica United States 3 –
Canoptila bifida Brazil 3 Holotype
Canoptila williami Brazil 9 Holotype
Itauara brasiliana Brazil 10+ Holotype
Itauara guarani Argentina 4 Holotype
Itauara plaumanni Brazil 4 Holotype
Itauara amazonica Brazil 6 Holotype
Itauara species 1 (Brazil) Brazil 3 –

Table 1. Material examined for phylogenetic analyses.  For each species, the 
country locality, number of specimens examined, and type status.  Numbers after 
species of Itauara  and Mortoniella refer to assessions in database.
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Table 1 (cont.)

Species Country # Specimens Type
Itauara  species 2 (Brazil) Brazil 1 –
Itauara species 3 (Brazil) Brazil 4 –
Itauara species 4 (Brazil) Brazil 10+ –
Itauara species 5 (Brazil) Brazil 2 –
Itauara species 6 (Brazil) Brazil 10+ –
Itauara species 7 (Brazil) Brazil 1 –
Itauara species 8 (Brazil) Brazil 1 –
Itauara species 9 (Brazil) Brazil 1 –
Itauara species 10 (Brazil) Brazil 1 –
Itauara species 11 (Brazil) Brazil 3 –
Itauara species 12 (Brazil) Brazil 2 –
Itauara species 1 (Guyana) Guyana 3 –
Itauara species 2 (Guyana) Guyana 2 –
Itauara species 3 (Guyana) Guyana 4 –
Itauara species 5 (Guyana) Guyana, Venezuela 6 –
Itauara species 1 (Peru) Peru 6 –
Mastigoptila bicornuta Chile 2 Holotype
Mastigoptila  longicornuta Chile 4 Holotype
Mastigoptila ruizi Chile 4 Holotype
Mortoniella elongata Colombia 3 –
Mortoniella limona Venezuela 3 –
Mortoniella meralda Costa Rica, Mexico 4 –
Mortoniella teutona Brazil 4 –
Mortoniella bilineata Ecuador 4 –
Mortoniella denticulata Venezuela 4 –
Mortoniella roldani Colombia 4 –
Mortoniella marini Bolivia 10+ –
Mortoniella eduardoi Bolivia 2 –
Mortoniella species 2 (Brazil) Brazil 4 –
Protoptila maculata United States 4 –
Protoptila bribri Costa Rica 4 Holotype
Protoptila diablita Bolivia 10+ Holotype
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Species Composite taxon
Poeciloptila briatec Poeciloptila atyalpa
Poeciloptila maculata Poeciloptila atyalpa
Canoptila bifida Canoptila williami
Itauara  species 2 (Brazil) Itauara species 11 (Brazil)
Itauara species 7 (Brazil) Itauara species 5 (Brazil)
Itauara species 8 (Brazil) Itauara species 11 (Brazil)
Itauara species 9 (Brazil) Itauara species 5 (Brazil)
Itauara species 10 (Brazil) Itauara  species 11 (Brazil)
Itauara species 5 (Guyana) Itauara  species 3 (Guyana)

Table 2. List of taxa for which female data was unavailable. For each 
species, the composite taxon used is listed.  
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Species Barcode ID

Agapetus  species (Australia) UMSP000116850
Anagapetus debilis UMSP000084345
Cariboptila caab UMSP000210889
Cariboptila hispanolica UMSP000210890
Cubanoptila botosaneanui UMSP000124342
Cariboptila aurulenta UMSP000210891
Culoptila hamata UMSP000000468
Glossosoma alascense UMSP000210874
Glossosoma intermedium UMSP000208799
Itauara species 3 (Brazil) UMSP000081856
Itauara  species 4 (Brazil) UMSP000082824
Itauara  species 6 (Brazil) UMSP000070956
Mastigoptila bicornuta UMSP000210870
Mastigoptila longicornuta UMSP000084060
Mastigoptila ruizi UMSP000210822
Matrioptila jeanae UMSP000039624
Mexitrichia marini UMSP000210892
Mexitrichia eduardoi UMSP000210893
Mexitrichia limona UMSP000073459
Mexitrichia teutona UMSP000085401
Mortoniella  species 2 (Brazil) UMSP000086603
Mortoniella roldani UMSP000041301
Padunia lepnevae UMSP000107053
Protoptila diablita UMSP000210895
Tolhuaca cupulifera UMSP000115152

Table 3. List of specimens sequenced for DNA and associated University of 
Minnesota Insect Collection (UMSP) barcode numbers.
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Table 4. Primers used in polymerase chain reactions for this study.

Primer Sequence (5’ to 3’) Reference

COI 1709Fs TAATTGGAGGATTTGGAAATTG Zhou et al. 2007
COI 1709Fg TAATTGGAGGATTTGGWAAYTG Zhou et. al. 2007
COI 1751F GGATCACCTGATATAGCATTCCC Zhou et. al. 2007
COI 2191R CCYGGTAAAATTAAAATATAAACTTC Zhou et. al. 2007
COI 2355R GCTCGTGTATCWACGTCTAT K. Kjer, personal

communication
LepF1 ATTCAACCAATCATAAAGATATTGG Hebert et al. 2004
LepR1 TAAACTTCTGGATGTCCAAAAAATCA Hebert et al. 2004
LCO1490 GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994
MLepF1 GCTTTCCCACGAATAAATAATA Hajibabaei et al. 2006
MLepR1 CCTGTTCCAGCTCCATTTTC Hajibabaei et al. 2006
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Table 5.  Summary of results for evaluating the monophyly of various clades for
morphology, COI, and combined datasets under Bayesian and parsimony phylogenetic
analyses.  Posterior probability (PP) and bootstrap (BS) support values are reported for
various clades.  Asterisks indicate strong support, dashes indicate analyses that did not
recover a particular clade.

Protoptilinae Tolhuaca +
Protoptilinae Northern Neotropical Caribbean

Dataset PP BS PP BS PP BS PP BS PP BS

TOTAL COMBO 1.00* 85* 0.88 60 1.00* 83* 1.00* 75* 1.00* 90*

TOTAL MORPH 1.00* 92* 1.00* 95* 0.87 70* 1.00* 90* 1.00* 94*

SUBSET COMBO 1.00* 98* 0.89 68 1.00* 100* 0.64 52 1.00* 94*

SUBSET MORPH 1.00* 98* 0.99* 98* 1.00* 99* 0.72 – 1.00* 98*

SUBSET COI 1.00* 53 – – 1.00* 92* – – 1.00* –

Table 6.  Summary of results for evaluating the monophyly of different genera for
morphology, COI, and combined datasets under Bayesian and parsimony phylogenetic
analyses.  Posterior probability (PP) and bootstrap (BS) support values are reported for
each genus.  Asterisks indicate strong support, dashes indicate analyses that did not
recover a particular clade.

TOTAL COMBO TOTAL MORPH

Taxon PP BS PP BS

Campsiophora – – – –
Canoptila 1.00* 100* 1.00* 99*
Cariboptila – – – –
Cubanoptila – – – –
Culoptila 1.00* 97* 1.00* 98*
Itauara 0.98* 56 0.99* 55
Mastigoptila 1.00* 100* 0.99* 95*
Matrioptila – – – –
Merionoptila N/A N/A N/A N/A
Mortoniella 0.91 < 50 – –
Nepaloptila – – – –
Padunia – – – –
Poeciloptila – – – < 50
Scotiotrichia N/A N/A N/A N/A
Temburongsyche – – – –
Tolhuaca 1.00* 94* 0.99* 96*
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Table 7. Nonparametric Templeton topological incongruence test results for alternative
Protoptilinae hypotheses evaluated against morphology, COI, and combined datasets.
Length differences between most parsimonious trees from constrained and
unconstrained searches and p-values of Wilcoxon sum of signed ranks tests are
reported.  Asterisks indicate tests that rejected a hypothesis.

(Tolhuaca + Protoptilinae) (Northern + Protoptilinae)

Dataset Length
difference p-value Length

difference p-value

TOTAL COMBO 0 0.8966 3 0.6982

TOTAL MORPH 3 0.8152 4 0.1573

SUBSET COMBO 0 1.000 3 0.6982

SUBSET MORPH 0 1.000 7 0.0196*

SUBSET COI 5 0.5761 0 1.000

Table 8. Bayesian topological incongruence test results for alternative Protoptilinae
hypotheses evaluated against morphology, COI, and combined datasets. The number
and percentage of trees containing the constrained topology of interest from the 95%
credible interval (CI) of trees from the posterior distribution from Bayesian analyses is
reported.  If a particular topology occurs in the 95% CI, that hypothesis cannot be
rejected.

(Tolhuaca + Protoptilinae) (Northern + Protoptilinae)

Dataset Total # trees
within CI

# trees
retained

% trees
retained

# trees
retained

% trees
retained

TOTAL COMBO 9502 8408 0.8848 1084 0.1140

TOTAL MORPH 9502 9474 0.9970 15 0.0015

SUBSET COMBO 4150 3718 0.8959 428 0.1031

SUBSET MORPH 8816 8741 0.9914 46 0.0052

SUBSET COI 3097 1 0.0003 3095 0.9993
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1 2 3 4 5 6 7 8 9 10 11 12 13
Ptilocolepus granulatus 1 0 0 0 1 0 0 1 0 1 1 0 2
Anagapetus debilus 2 0 0 0 1 0 1 1 1 1 1 0 2
Glossosoma alascense 2 0 0 0 1 3 2 1 1 2 1 0 2
Glossosoma intermedium 2 0 0 0 1 0 0 1 1 1 1 0 2
Agapetus rossi 2 0 0 0 1 0 0 1 0 2 1 0 2
Agapetus species (Australia) 2 0 0 0 1 0 0 1 1 1 1 0 2
Tolhuaca cupulifera 2 0 0 0 1 0 0 0 0 0 1 0 2
Tolhuaca brasiliensis 2 0 0 0 1 0 0 0 0 0 1 0 2
Nepaloptila coei 2 0 0 0 1 0 1 0 0 1 1 0 2
Nepaloptila kanikar 2 0 0 0 1 0 1 0 0 1 1 0 2
Nepaloptila jisunted 2 0 0 0 1 0 1 0 0 1 1 0 2
Nepaloptila ruangjod 2 0 0 0 1 0 1 0 0 1 1 0 2
Matrioptila jeanae 2 0 0 0 2 0 1 0 0 0 1 0 2
Padunia adelungi 2 0 0 0 1 0 1 0 0 1 1 0 2
Padunia alpina 2 0 0 0 1 0 1 0 0 1 1 0 2
Padunia forcipata 2 0 0 0 1 0 1 0 0 1 1 0 2
Padunia burebista 2 0 0 0 1 0 1 0 0 1 1 0 2
Padunia lepnevae 2 0 0 0 1 0 1 0 0 1 1 0 2
Padunia karaked 2 0 0 0 ? 0 1 0 0 1 1 0 2
Poeciloptila atyalpa 2 0 0 0 1 0 1 0 0 1 1 0 2
Poeciloptila falcata 2 0 0 0 1 0 1 0 0 1 1 0 2
Poeciloptila briatec 2 0 0 0 1 0 1 0 0 1 1 0 2
Poeciloptila maculata 2 0 0 ? ? 0 1 0 0 1 1 0 2
Temburongpsyche anaken 2 0 0 0 1 0 1 0 0 1 1 0 2
Scotiotrichia ocreata 2 0 0 0 2 0 1 1 0 1 1 1 2
Merionoptila wygodzinskyi 2 0 0 0 0 0 1 1 0 1 1 1 2
Campsiophora pedophila 2 0 1 0 1 0 1 0 0 1 1 1 2
Campsiophora arawak 2 0 1 0 1 0 1 1 0 1 1 1 2
Campsiophora mulata 2 0 1 0 1 0 1 1 0 1 1 1 0
Cariboptila aurulenta 2 0 1 0 1 2 1 0 0 1 1 0 2
Cariboptila caab 2 0 1 0 2 0 1 1 0 1 1 1 0
Cariboptila hispanolica 2 0 1 0 2 0 1 1 0 1 1 1 2
Cariboptila jamaicensis 2 0 1 0 2 0 1 1 0 1 1 1 2
Cariboptila orophila 2 0 1 0 1 0 1 1 0 1 1 1 2
Cubanoptila botosaneanui 2 0 1 1 1 0 1 1 0 1 1 1 0
Cubanoptila cubana 2 0 1 1 2 1 1 0 0 1 1 1 2
Cubanoptila muybonita 2 0 1 1 2 0 1 1 0 1 1 1 2
Cubanoptila purpurea 2 0 1 1 2 0 1 1 0 1 1 1 0
Culoptila cascada 2 0 0 0 2 0 1 1 0 1 0 0 2
Culoptila hamata 2 0 0 0 2 0 1 1 0 1 0 0 2
Culoptila thoracica 2 0 0 0 2 0 1 1 0 0 0 0 2
Canoptila bifida 2 0 0 0 2 2 1 1 0 1 0 1 2
Canoptila williami 2 0 0 0 2 2 1 1 0 1 0 1 2
Itauara brasiliana 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara guarani 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara plaumanni 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara amazonica 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 1 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara  species 2 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0

Table 9. Data Matrix.  Dash (-) indicates inapplicable data; question mark (?) 
indicates missing data.
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Table 9 (cont.)

1 2 3 4 5 6 7 8 9 10 11 12 13
Itauara species 3 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara species 4 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara species 5 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara species 6 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara species 7 (Brazil) 2 0 0 0 2 1 1 1 0 1 1 1 0
Itauara species 9 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 8 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 10 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 11 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 12 (Brazil) 2 0 0 0 2 0 1 1 0 1 1 1 0
Itauara species 1 (Guyana) 2 0 0 0 2 0 1 0 0 1 1 1 0
Itauara species 2 (Guyana) 2 0 0 0 2 0 1 0 0 1 1 1 0
Itauara species 3 (Guyana) 2 0 0 0 2 0 1 0 0 1 1 1 0
Itauara species 5 (Guyana) 2 0 0 0 2 0 1 0 0 1 1 1 0
Itauara species 1 (Peru) 2 0 0 0 2 0 1 0 0 1 1 1 0
Mastigoptila bicornuta 2 0 0 0 2 0 1 1 0 1 0 0 2
Mastigoptila  longicornuta 2 0 0 0 2 0 1 1 0 1 0 0 2
Mastigoptila ruizi 2 0 0 0 2 0 1 1 0 1 0 2 2
Mortoniella elongata 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella limona 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella meralda 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella teutona 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella bilineata 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella denticulata 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella roldani 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella marini 2 0 0 0 1 1 1 1 0 1 1 1 2
Mortoniella eduardoi 2 0 0 0 1 0 1 1 0 1 1 1 2
Mortoniella species 2 (Brazil) 2 0 0 0 1 1 1 1 0 1 1 1 2
Protoptila maculata 2 0 0 0 1 1 1 1 0 1 1 1 2
Protoptila bribri 2 0 0 0 2 0 1 1 0 1 1 1 2
Protoptila diablita 2 0 0 0 2 1 1 1 0 1 1 2 2
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Table 9 (cont.)

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Ptilocolepus granulatus 0 2 1 1 1 0 0 1 0 0 1 1 0 0 -
Anagapetus debilus 0 0 0 1 0 0 0 1 1 0 0 0 - 0 -
Glossosoma alascense 1 - 0 1 0 0 0 0 0 0 0 0 - 0 -
Glossosoma intermedium 0 2 0 1 0 0 0 0 0 0 0 0 - 0 -
Agapetus rossi 0 0 0 1 0 0 0 1 1 0 1 0 - 0 -
Agapetus species (Australia) 0 0 0 1 0 0 0 1 0 0 1 0 - 0 -
Tolhuaca cupulifera 0 0 1 0 0 0 0 1 1 0 1 0 - 0 -
Tolhuaca brasiliensis 0 0 1 0 0 0 0 1 1 0 1 1 2 0 -
Nepaloptila coei 0 1 2 - 0 0 0 1 1 0 1 1 2 0 -
Nepaloptila kanikar 0 1 2 - 0 1 0 1 0 0 1 1 2 0 -
Nepaloptila jisunted 0 1 2 - 0 1 0 1 0 0 1 1 2 0 -
Nepaloptila ruangjod 0 1 2 - 0 1 0 1 0 0 1 1 2 0 -
Matrioptila jeanae 0 1 2 - 1 1 1 1 1 0 1 1 2 0 -
Padunia adelungi 0 1 1 0 0 1 1 1 0 0 1 1 2 0 -
Padunia alpina 0 1 1 0 0 1 1 1 0 0 1 1 2 1 2
Padunia forcipata 0 1 1 0 0 1 1 1 0 0 1 1 2 1 2
Padunia burebista 0 1 2 - 0 0 1 0 0 0 1 0 - 0 -
Padunia lepnevae 0 1 2 - 0 1 1 1 1 0 1 1 2 1 2
Padunia karaked 0 1 2 - 0 0 1 1 0 0 1 1 2 1 2
Poeciloptila atyalpa 0 1 2 - 0 0 1 1 1 0 1 0 - 0 -
Poeciloptila falcata 0 1 2 - 0 0 1 1 1 0 1 0 2 0 -
Poeciloptila briatec 0 1 2 - 0 0 1 1 1 0 1 0 2 0 -
Poeciloptila maculata 0 1 2 - 0 0 1 1 1 0 1 0 - 0 -
Temburongpsyche anaken 0 1 2 - 1 1 1 1 0 0 1 0 - 1 2
Scotiotrichia ocreata 1 - 1 0 2 1 1 1 1 0 1 0 - 1 2
Merionoptila wygodzinskyi 1 - 2 - 2 0 2 1 1 0 1 1 1 1 1
Campsiophora pedophila 1 - 1 0 0 0 1 1 0 1 1 0 - 1 2
Campsiophora arawak 1 - 1 0 0 0 1 1 0 1 1 0 - 1 2
Campsiophora mulata 1 - 1 0 0 0 1 1 0 0 1 0 - 0 -
Cariboptila aurulenta 1 - 2 - 0 0 1 1 0 0 1 0 - 1 1
Cariboptila caab 1 - 2 - 0 0 1 1 0 0 1 0 - 0 -
Cariboptila hispanolica 1 - 1 0 0 0 1 1 0 0 1 0 - 1 0
Cariboptila jamaicensis 1 - 1 0 0 0 1 1 1 0 1 0 - 1 1
Cariboptila orophila 1 - 1 0 0 0 1 0 0 0 1 1 2 1 0
Cubanoptila botosaneanui 1 - 2 - 0 0 1 0 1 0 1 0 - 1 2
Cubanoptila cubana 1 - 1 0 0 0 1 1 0 0 1 0 - 0 -
Cubanoptila muybonita 1 - 2 - 0 0 1 0 0 0 1 0 - 1 2
Cubanoptila purpurea 1 - 2 - 0 0 1 1 0 0 1 0 - 0 -
Culoptila cascada 1 - 1 0 0 0 1 1 1 0 1 1 2 1 2
Culoptila hamata 1 - 1 0 0 0 1 1 1 0 1 1 2 0 -
Culoptila thoracica 1 - 1 0 0 0 1 1 1 0 1 1 2 0 -
Canoptila bifida 1 - 1 0 0 0 1 1 1 0 1 0 - 1 1
Canoptila williami 1 - 1 0 0 0 1 1 1 0 1 0 - 1 1
Itauara brasiliana 1 - 1 0 0 0 1 1 0 0 1 0 - 1 2
Itauara guarani 1 - 1 0 0 0 1 1 0 0 1 1 2 1 2
Itauara plaumanni 1 - 1 0 0 0 1 1 0 0 1 0 - 1 2
Itauara amazonica 1 - 1 0 0 0 1 1 1 0 1 0 - 1 2
Itauara species 1 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Itauara  species 2 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 0
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Table 9 (cont.)

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Itauara species 3 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 2
Itauara species 4 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Itauara species 5 (Brazil) 1 - 1 0 0 0 1 1 0 0 1 1 2 1 0
Itauara species 6 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 2
Itauara species 7 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 1 2 1 0
Itauara species 9 (Brazil) 1 - 1 0 0 0 1 1 0 0 1 0 - 1 2
Itauara species 8 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 2
Itauara species 10 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 0
Itauara species 11 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 0
Itauara species 12 (Brazil) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 0
Itauara species 1 (Guyana) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 1
Itauara species 2 (Guyana) 1 - 1 0 0 0 2 1 1 0 1 0 - 1 0
Itauara species 3 (Guyana) 1 - 1 0 1 0 2 1 1 0 1 0 - 1 0
Itauara species 5 (Guyana) 1 - 1 0 0 0 1 1 1 0 1 0 - 1 0
Itauara species 1 (Peru) 1 - 1 0 0 0 2 1 1 0 1 0 - 1 0
Mastigoptila bicornuta 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mastigoptila  longicornuta 1 - 2 - 0 0 1 1 1 0 1 0 - 0 -
Mastigoptila ruizi 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mortoniella elongata 1 - 2 - 0 0 1 1 1 0 1 0 - 0 -
Mortoniella limona 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mortoniella meralda 1 - 2 - 0 0 1 1 1 0 1 0 - 0 -
Mortoniella teutona 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mortoniella bilineata 1 - 2 - 0 0 1 1 1 0 1 0 - 0 -
Mortoniella denticulata 1 - 2 - 0 0 1 1 1 0 1 0 - 0 -
Mortoniella roldani 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mortoniella marini 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Mortoniella eduardoi 1 - 2 - 1 0 1 1 1 0 1 0 - 0 -
Mortoniella species 2 (Brazil) 1 - 2 - 1 0 1 1 1 0 1 0 - 0 -
Protoptila maculata 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Protoptila bribri 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
Protoptila diablita 1 - 1 0 0 0 1 1 1 0 1 0 - 0 -
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Table 9 (cont .)

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Ptilocolepus granulatus 2 0 1 1 0 1 2 0 0 0 1 0 0 - 0
Anagapetus debilus 2 0 1 2 0 1 0 0 1 0 1 0 0 - 0
Glossosoma alascense 2 0 0 - 0 1 2 0 1 0 1 0 0 - 0
Glossosoma intermedium 2 0 0 - 0 1 2 0 1 0 1 0 0 - 0
Agapetus rossi 2 0 1 2 0 1 1 0 0 0 1 0 0 - 0
Agapetus species (Australia) 2 0 1 2 0 1 1 0 0 0 1 0 0 - 0
Tolhuaca cupulifera 2 0 1 2 0 1 2 0 0 0 1 0 1 0 0
Tolhuaca brasiliensis 2 0 1 0 0 1 1 0 0 0 1 0 1 0 0
Nepaloptila coei 2 0 1 0 0 1 0 0 1 0 1 0 1 0 1
Nepaloptila kanikar 2 0 1 0 0 1 0 0 1 0 1 0 1 0 1
Nepaloptila jisunted 2 0 1 0 0 1 0 0 1 0 1 0 1 0 1
Nepaloptila ruangjod 2 0 1 0 0 1 0 0 1 0 1 0 1 0 1
Matrioptila jeanae 0 1 - - 1 - - 1 - 0 1 0 1 0 1
Padunia adelungi 2 1 - - 1 - - 0 1 0 1 0 1 0 1
Padunia alpina 2 1 - - 1 - - 0 0 0 1 0 1 0 1
Padunia forcipata 0 1 - - 1 - - 0 0 0 1 0 1 0 1
Padunia burebista 0 1 - - 1 - - 0 0 0 1 0 1 0 1
Padunia lepnevae 1 1 - - 1 - - 0 0 0 1 0 1 0 1
Padunia karaked 0 1 - - 1 - - 0 0 0 1 0 1 0 1
Poeciloptila atyalpa 0 1 - - 1 - - 0 0 0 1 0 1 0 1
Poeciloptila falcata 2 1 - - 1 - - 0 1 0 1 0 1 0 1
Poeciloptila briatec 2 1 - - 1 - - 0 0 0 1 0 1 0 1
Poeciloptila maculata 2 1 - - 1 - - 0 1 0 1 1 1 0 1
Temburongpsyche anaken 1 1 - - 1 - - 0 1 0 1 0 1 0 1
Scotiotrichia ocreata 1 1 - - 1 - - 1 - 0 0 1 1 1 0
Merionoptila wygodzinskyi 0 0 1 1 1 - - 1 - 0 2 1 1 0 1
Campsiophora pedophila 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Campsiophora arawak 0 0 1 1 1 - - 1 - 0 0 1 1 0 0
Campsiophora mulata 0 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cariboptila aurulenta 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cariboptila caab 0 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cariboptila hispanolica 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cariboptila jamaicensis 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Cariboptila orophila 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cubanoptila botosaneanui 1 0 1 1 1 - - 1 - 0 0 1 1 0 1
Cubanoptila cubana 0 0 1 1 1 - - 1 - 0 2 1 1 0 1
Cubanoptila muybonita 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Cubanoptila purpurea 0 0 1 1 1 - - 1 - 0 2 1 1 0 1
Culoptila cascada 1 0 1 1 0 1 0 1 - 1 0 1 1 0 0
Culoptila hamata 2 0 1 1 0 1 0 1 - 1 0 1 1 0 0
Culoptila thoracica 0 0 1 1 0 1 0 1 - 1 0 1 1 0 0
Canoptila bifida 1 0 1 1 1 - - 1 - 0 0 1 1 1 0
Canoptila williami 1 0 1 1 1 - - 1 - 0 0 1 1 1 0
Itauara brasiliana 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara guarani 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara plaumanni 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara amazonica 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 1 (Brazil) 0 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara  species 2 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
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Table 9 (cont.)

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Itauara species 3 (Brazil) 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara species 4 (Brazil) 0 0 1 2 1 - - 1 - 0 0 1 1 0 0
Itauara species 5 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 6 (Brazil) 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara species 7 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 9 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 8 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 10 (Brazil) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 11 (Brazil) 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara species 12 (Brazil) 1 0 1 0 1 - - 1 - 0 0 1 1 0 0
Itauara species 1 (Guyana) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 2 (Guyana) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 3 (Guyana) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 5 (Guyana) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Itauara species 1 (Peru) 1 0 1 1 1 - - 1 - 0 0 1 1 0 0
Mastigoptila bicornuta 0 0 1 0 1 - - 1 - 0 0 1 1 1 0
Mastigoptila  longicornuta 0 0 1 1 1 - - 1 - 0 0 1 1 1 0
Mastigoptila ruizi 0 0 1 0 1 - - 1 - 0 0 1 1 1 0
Mortoniella elongata 0 0 1 1 1 - - 1 - 0 2 0 1 0 0
Mortoniella limona 0 0 1 0 1 - - 1 - 0 2 1 1 0 0
Mortoniella meralda 0 0 1 0 1 - - 1 - 0 2 0 1 0 0
Mortoniella teutona 0 0 1 0 1 - - 1 - 0 2 0 1 0 0
Mortoniella bilineata 0 0 1 2 1 - - 1 - 0 2 0 1 0 0
Mortoniella denticulata 0 0 1 2 1 - - 1 - 0 2 0 1 0 0
Mortoniella roldani 0 0 1 2 1 - - 1 - 0 2 0 1 0 0
Mortoniella marini 0 0 1 2 1 - - 1 - 0 2 0 1 0 0
Mortoniella eduardoi 0 0 1 0 1 - - 1 - 0 2 1 1 0 0
Mortoniella species 2 (Brazil) 0 0 1 0 1 - - 1 - 0 2 1 1 0 0
Protoptila maculata 0 0 1 1 1 - - 1 - 0 2 0 1 1 0
Protoptila bribri 0 0 1 1 1 - - 1 - 0 2 0 1 1 0
Protoptila diablita 0 0 1 1 1 - - 1 - 0 2 1 1 1 0
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Table 9 (cont .)

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Ptilocolepus granulatus 0 0 1 1 0 0 1 1 1 0 0 0 1 1 1
Anagapetus debilus 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1
Glossosoma alascense 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1
Glossosoma intermedium 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1
Agapetus rossi 0 0 1 1 0 0 1 0 0 0 0 1 0 0 1
Agapetus species (Australia) 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1
Tolhuaca cupulifera 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1
Tolhuaca brasiliensis 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1
Nepaloptila coei 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Nepaloptila kanikar 0 0 0 0 0 1 1 0 0 0 1 - 1 1 1
Nepaloptila jisunted 0 0 0 0 0 1 1 0 0 0 1 - 1 ? 1
Nepaloptila ruangjod 0 0 0 0 0 1 1 0 0 0 1 - 1 ? 1
Matrioptila jeanae 0 0 0 0 0 1 1 0 1 0 1 - 1 1 1
Padunia adelungi 0 0 0 0 0 1 1 0 1 0 1 - 1 1 1
Padunia alpina 0 0 0 0 0 1 1 0 1 0 1 - 1 1 1
Padunia forcipata 0 0 0 0 0 1 1 0 1 0 1 - 1 1 1
Padunia burebista 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Padunia lepnevae 0 0 0 0 0 1 1 0 1 0 1 - 1 1 1
Padunia karaked 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Poeciloptila atyalpa 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Poeciloptila falcata 0 0 1 0 0 1 1 0 1 0 1 - 1 0 1
Poeciloptila briatec 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Poeciloptila maculata 1 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Temburongpsyche anaken 0 0 0 0 0 1 1 0 1 0 1 - 1 ? 1
Scotiotrichia ocreata 0 0 0 0 1 1 1 0 1 1 1 - 1 0 1
Merionoptila wygodzinskyi 1 1 0 - 1 3 1 1 1 1 1 - 1 0 0
Campsiophora pedophila 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Campsiophora arawak 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Campsiophora mulata 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Cariboptila aurulenta 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Cariboptila caab 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Cariboptila hispanolica 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Cariboptila jamaicensis 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Cariboptila orophila 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Cubanoptila botosaneanui 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Cubanoptila cubana 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Cubanoptila muybonita 0 0 1 0 0 2 1 0 1 1 1 - 1 0 1
Cubanoptila purpurea 0 0 1 0 0 2 1 0 1 1 0 0 1 0 1
Culoptila cascada 0 0 0 0 0 2 1 0 0 1 0 0 1 0 1
Culoptila hamata 0 0 0 0 0 2 1 0 0 1 0 0 1 0 1
Culoptila thoracica 0 0 0 0 0 2 1 0 0 1 0 0 1 0 1
Canoptila bifida 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Canoptila williami 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Itauara brasiliana 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Itauara guarani 0 0 0 0 0 1 1 0 0 1 1 - 1 0 1
Itauara plaumanni 0 0 0 0 0 1 1 0 0 1 1 - 1 0 1
Itauara amazonica 0 0 0 0 0 2 1 1 0 1 1 - 1 0 1
Itauara species 1 (Brazil) 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Itauara  species 2 (Brazil) 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
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Table 9 (cont.)

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Itauara species 3 (Brazil) 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Itauara species 4 (Brazil) 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Itauara species 5 (Brazil) 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Itauara species 6 (Brazil) 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Itauara species 7 (Brazil) 0 0 0 0 0 2 1 0 1 0 1 - 1 0 1
Itauara species 9 (Brazil) 0 0 0 0 0 2 1 0 0 0 1 - 1 0 1
Itauara species 8 (Brazil) 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Itauara species 10 (Brazil) 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Itauara species 11 (Brazil) 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Itauara species 12 (Brazil) 0 0 0 0 0 1 1 0 1 0 1 - 1 0 1
Itauara species 1 (Guyana) 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
Itauara species 2 (Guyana) 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
Itauara species 3 (Guyana) 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
Itauara species 5 (Guyana) 0 0 0 0 0 2 1 0 1 0 1 - 1 0 1
Itauara species 1 (Peru) 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
Mastigoptila bicornuta 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Mastigoptila  longicornuta 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Mastigoptila ruizi 0 0 0 0 0 1 1 0 0 0 1 - 1 0 1
Mortoniella elongata 0 0 0 0 0 1 1 0 0 1 1 - 1 0 1
Mortoniella limona 0 0 0 0 0 1 1 0 0 1 1 - 1 0 1
Mortoniella meralda 0 0 0 0 0 1 1 0 0 1 1 - 1 0 1
Mortoniella teutona 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Mortoniella bilineata 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1
Mortoniella denticulata 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1
Mortoniella roldani 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1
Mortoniella marini 0 0 0 0 0 2 1 0 0 1 1 - 1 0 1
Mortoniella eduardoi 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Mortoniella species 2 (Brazil) 0 0 0 0 0 1 1 0 1 1 1 - 1 0 1
Protoptila maculata 0 0 0 0 0 2 1 0 1 1 1 - 1 1 1
Protoptila bribri 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
Protoptila diablita 0 0 0 0 0 2 1 0 1 1 1 - 1 0 1
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Table 9 (cont.)

59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
Ptilocolepus granulatus 0 0 2 0 1 0 1 0 0 0 1 1 1 0 1
Anagapetus debilus 0 0 1 2 1 0 1 0 0 0 2 2 1 0 1
Glossosoma alascense 1 4 1 2 1 0 1 0 2 0 2 2 1 0 1
Glossosoma intermedium 1 4 1 2 1 0 1 0 0 0 2 1 1 0 1
Agapetus rossi 1 1 1 0 1 0 1 0 1 0 1 2 1 0 1
Agapetus species (Australia) 1 1 1 0 1 0 1 0 2 0 1 2 1 0 1
Tolhuaca cupulifera 1 1 1 0 1 0 1 0 1 0 1 0 1 0 1
Tolhuaca brasiliensis 1 5 1 0 1 0 1 0 1 0 1 0 1 0 1
Nepaloptila coei 1 1 1 0 1 0 1 0 1 0 1 2 1 0 1
Nepaloptila kanikar 1 6 1 0 1 0 1 0 2 0 1 2 1 0 1
Nepaloptila jisunted ? ? 1 0 1 0 1 0 2 0 1 2 1 0 1
Nepaloptila ruangjod ? ? 1 0 1 0 1 0 2 0 1 2 1 0 1
Matrioptila jeanae 1 0 2 0 1 0 1 0 2 1 2 1 1 0 1
Padunia adelungi 1 0 1 0 1 0 1 0 2 1 1 1 1 0 1
Padunia alpina 1 6 1 0 1 0 1 0 2 1 1 2 1 0 1
Padunia forcipata 1 6 1 0 1 0 1 0 2 1 1 2 1 0 1
Padunia burebista 0 6 1 0 1 0 1 0 2 1 1 1 1 0 1
Padunia lepnevae 0 6 1 0 1 0 1 0 2 1 1 2 1 0 1
Padunia karaked 0 6 1 0 1 0 1 0 2 1 1 1 1 0 1
Poeciloptila atyalpa 0 1 1 0 1 1 1 0 2 1 1 1 0 0 1
Poeciloptila falcata 0 1 1 0 1 0 1 0 2 1 1 2 1 0 1
Poeciloptila briatec 1 6 1 0 1 1 0 0 2 1 1 1 0 0 1
Poeciloptila maculata 1 6 1 0 1 1 0 0 2 1 1 1 0 0 1
Temburongpsyche anaken ? ? 1 0 1 1 1 0 0 1 1 2 1 0 1
Scotiotrichia ocreata 1 6 1 0 1 0 1 0 1 0 0 0 1 0 1
Merionoptila wygodzinskyi - - 0 0 1 0 1 0 1 0 1 1 1 0 1
Campsiophora pedophila 3 4 2 0 1 0 1 0 1 0 1 3 1 0 0
Campsiophora arawak 0 6 2 0 1 0 1 0 1 0 1 3 1 0 0
Campsiophora mulata 3 4 2 2 1 0 1 0 0 0 2 0 1 0 0
Cariboptila aurulenta 3 4 2 0 1 0 1 0 1 0 2 3 1 0 0
Cariboptila caab 1 6 2 0 1 0 1 0 1 0 2 3 1 0 0
Cariboptila hispanolica 1 4 2 0 1 0 1 0 1 0 2 3 1 0 0
Cariboptila jamaicensis 0 5 2 0 1 0 1 0 1 0 2 3 1 0 0
Cariboptila orophila 3 6 2 0 1 0 1 0 1 0 2 3 1 0 0
Cubanoptila botosaneanui 0 6 0 0 1 0 1 0 1 0 2 3 1 0 0
Cubanoptila cubana 0 6 2 0 1 0 1 1 0 0 2 3 1 0 0
Cubanoptila muybonita 0 6 0 0 1 0 1 0 1 0 2 3 1 0 0
Cubanoptila purpurea 0 6 2 0 1 0 1 1 0 0 2 3 1 0 0
Culoptila cascada 3 8 1 0 1 0 1 0 1 0 2 3 1 0 1
Culoptila hamata 3 8 1 0 1 0 1 0 1 0 2 3 1 0 1
Culoptila thoracica 3 8 1 0 1 0 1 0 1 0 2 3 1 0 1
Canoptila bifida 1 6 2 0 1 0 1 0 0 0 1 1 1 0 1
Canoptila williami 1 6 2 0 1 0 1 0 0 0 1 1 1 0 1
Itauara brasiliana 1 5 2 0 1 0 1 0 1 0 0 1 1 2 1
Itauara guarani 1 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara plaumanni 0 6 0 0 1 0 1 0 1 0 0 1 1 0 1
Itauara amazonica 0 6 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 1 (Brazil) 1 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara  species 2 (Brazil) 1 6 1 0 1 0 1 0 1 0 0 1 1 0 1
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Table 9 (cont.)

59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
Itauara species 3 (Brazil) 1 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 4 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 5 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 6 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 7 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 9 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 8 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 10 (Brazil) 1 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 11 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 12 (Brazil) 0 5 2 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 1 (Guyana) 0 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 2 (Guyana) 0 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 3 (Guyana) 0 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 5 (Guyana) 0 6 1 0 1 0 1 0 1 0 0 1 1 0 1
Itauara species 1 (Peru) 0 6 1 0 1 0 1 0 1 0 1 1 1 0 1
Mastigoptila bicornuta 0 7 1 0 1 0 1 0 1 0 0 1 1 0 1
Mastigoptila  longicornuta 0 7 1 0 1 0 1 0 1 0 0 1 1 0 1
Mastigoptila ruizi 0 7 1 0 1 0 1 0 1 0 0 1 1 0 1
Mortoniella elongata 1 2 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella limona 1 2 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella meralda 1 2 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella teutona 1 2 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella bilineata 0 1 2 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella denticulata 0 6 2 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella roldani 0 6 2 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella marini 0 2 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella eduardoi 0 7 1 0 1 0 1 0 1 0 1 1 1 0 1
Mortoniella species 2 (Brazil) 0 1 1 0 1 0 1 0 1 0 1 1 1 0 1
Protoptila maculata 0 7 1 0 0 0 1 0 1 0 0 2 1 1 1
Protoptila bribri 0 7 2 0 0 0 1 0 1 0 1 2 1 1 1
Protoptila diablita 0 2 1 0 0 0 1 0 1 0 1 2 1 1 1
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Table 9 (cont.)

74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
Ptilocolepus granulatus 2 1 2 3 3 5 1 0 0 0 0 - - - 2
Anagapetus debilus 2 1 2 2 3 5 0 0 0 1 0 - - - 2
Glossosoma alascense 2 0 1 2 3 5 1 0 0 1 0 - - - 2
Glossosoma intermedium 2 1 0 2 3 5 0 0 0 1 1 2 0 6 2
Agapetus rossi 0 1 1 2 4 5 1 0 0 1 0 - - - 2
Agapetus species (Australia) 0 1 1 2 3 5 1 0 0 1 0 - - - 2
Tolhuaca cupulifera 0 1 2 2 3 3 0 1 - - 0 - - - 2
Tolhuaca brasiliensis 0 1 2 2 3 3 0 1 - - 0 - - - 2
Nepaloptila coei 0 1 2 4 3 5 0 0 1 1 0 - - - 2
Nepaloptila kanikar 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Nepaloptila jisunted 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Nepaloptila ruangjod 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Matrioptila jeanae 0 1 2 2 3 5 0 0 2 1 0 - - - 2
Padunia adelungi 0 1 2 4 3 5 0 0 1 1 0 - - - 2
Padunia alpina 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Padunia forcipata 0 1 2 0 3 5 0 0 1 1 0 - - - 2
Padunia burebista 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Padunia lepnevae 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Padunia karaked 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Poeciloptila atyalpa 0 1 2 4 3 5 0 0 1 1 0 - - - 2
Poeciloptila falcata 0 1 2 0 3 5 0 0 1 1 0 - - - 2
Poeciloptila briatec 0 1 2 3 3 5 0 0 1 1 0 - - - 2
Poeciloptila maculata 0 1 2 1 3 5 0 0 1 1 0 - - - 2
Temburongpsyche anaken ? 1 1 3 3 5 0 0 1 1 0 - - - 2
Scotiotrichia ocreata 1 1 2 3 3 5 0 1 - - 0 - - - 2
Merionoptila wygodzinskyi 3 1 2 2 1 3 0 0 5 1 0 - - - 2
Campsiophora pedophila 1 0 2 5 9 6 0 0 6 1 0 - - - 2
Campsiophora arawak 1 0 2 5 9 6 0 0 6 1 0 - - - 2
Campsiophora mulata 1 0 2 1 9 6 0 0 6 1 0 - - - 2
Cariboptila aurulenta 1 0 2 0 1 6 0 0 6 1 0 - - - 2
Cariboptila caab 1 0 2 1 9 6 0 0 6 1 0 - - - 2
Cariboptila hispanolica 1 0 2 0 9 6 0 0 6 1 0 - - - 2
Cariboptila jamaicensis 1 0 2 5 9 6 0 0 6 1 0 - - - 2
Cariboptila orophila 1 0 2 0 9 6 0 0 6 1 0 - - - 2
Cubanoptila botosaneanui 1 0 2 2 1 6 0 0 6 1 0 - - - 2
Cubanoptila cubana 1 0 2 0 9 6 0 0 6 1 0 - - - 2
Cubanoptila muybonita 1 0 2 5 9 6 0 0 6 1 0 - - - 2
Cubanoptila purpurea 1 0 2 0 9 6 0 0 6 1 0 - - - 2
Culoptila cascada 1 1 2 3 3 4 0 0 7 1 0 - - - 2
Culoptila hamata 1 1 2 3 3 4 0 0 7 1 0 - - - 2
Culoptila thoracic 1 1 2 3 3 4 0 0 7 1 0 - - - 2
Canoptila bifida 0 1 2 2 3 2 0 1 - 1 1 1 1 8 2
Canoptila williami 0 1 2 3 3 2 0 1 - 1 1 1 1 8 2
Itauara brasiliana 1 1 2 4 1 3 0 1 - - 0 - - - 2
Itauara guarani 1 1 2 0 3 3 0 1 - - 1 0 0 7 2
Itauara plaumanni 1 1 2 4 1 3 0 1 - - 1 0 0 7 2
Itauara amazonica 0 1 2 2 3 5 0 0 8 1 1 1 0 0 1
Itauara species 1 (Brazil) 1 1 2 0 3 1 0 1 - - 1 0 0 2 2
Itauara  species 2 (Brazil) 1 1 2 0 3 0 0 0 8 1 1 1 0 7 2
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Table 9 (cont.)

74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
Itauara species 3 (Brazil) 1 1 2 4 1 1 0 1 - - 1 0 0 2 2
Itauara species 4 (Brazil) 1 1 2 3 2 0 0 1 - - 1 0 0 0 2
Itauara species 5 (Brazil) 1 1 2 4 3 1 0 1 - - 1 0 0 3 2
Itauara species 6 (Brazil) 1 1 2 1 1 1 0 1 - - 1 0 0 2 2
Itauara species 7 (Brazil) 1 1 2 0 3 1 0 1 - - 1 0 0 3 2
Itauara species 9 (Brazil) 1 1 2 1 1 5 0 1 - - 1 0 0 3 2
Itauara species 8 (Brazil) 1 1 2 2 3 0 0 0 8 1 1 1 0 7 2
Itauara species 10 (Brazil) 1 1 2 0 3 0 0 0 8 1 1 1 0 7 2
Itauara species 11 (Brazil) 1 1 2 0 3 0 0 0 8 1 1 1 0 7 2
Itauara species 12 (Brazil) 1 1 2 0 3 0 0 0 8 1 1 1 0 7 2
Itauara species 1 (Guyana) 1 1 2 3 0 0 0 0 8 1 1 1 0 4 1
Itauara species 2 (Guyana) 1 1 2 3 0 0 0 0 8 1 1 1 0 4 1
Itauara species 3 (Guyana) 1 1 2 0 1 3 0 0 8 1 1 1 0 7 2
Itauara species 5 (Guyana) 1 1 2 2 3 3 0 0 8 1 1 1 0 1 2
Itauara species 1 (Peru) 1 1 2 2 3 3 0 0 8 1 1 1 0 0 2
Mastigoptila bicornuta 1 1 2 3 8 5 0 0 3 1 0 - - - 2
Mastigoptila  longicornuta 1 1 2 3 8 5 0 0 3 1 0 - - - 2
Mastigoptila ruizi 1 1 2 3 8 5 0 0 3 1 0 - - - 2
Mortoniella elongata 3 1 2 0 2 5 0 0 4 1 1 2 0 7 0
Mortoniella limona 3 1 2 2 2 3 0 0 4 1 1 2 0 0 0
Mortoniella meralda 3 1 2 3 2 5 0 0 4 1 1 2 0 0 0
Mortoniella teutona 3 1 2 2 2 5 0 0 4 1 1 2 0 0 0
Mortoniella bilineata 3 1 2 2 3 5 0 0 4 1 1 2 0 0 0
Mortoniella denticulata 3 1 2 2 3 1 0 0 4 1 0 - - - 0
Mortoniella roldani 3 1 2 2 3 1 0 0 4 1 1 2 0 0 0
Mortoniella marini 3 1 2 2 1 5 0 0 4 1 1 2 0 0 0
Mortoniella eduardoi 3 1 2 2 2 5 0 0 4 1 1 2 0 0 0
Mortoniella species 2 (Brazil) 3 1 2 2 2 5 0 0 4 1 1 2 0 0 0
Protoptila maculata 4 1 2 2 2 5 0 1 - - 1 1 0 0 2
Protoptila bribri 4 1 2 2 2 5 0 1 - - 1 1 0 0 2
Protoptila diablita 4 1 2 2 2 5 0 1 - - 1 1 0 0 2
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Table 9 (cont.)

89 90 91 92 93 94 95 96 97 98 99
Ptilocolepus granulatus 3 - - - - - 0 0 0 1 1
Anagapetus debilus 1 1 0 0 1 1 0 0 0 1 1
Glossosoma alascense 1 1 0 0 1 1 0 0 0 1 1
Glossosoma intermedium 1 1 0 0 1 1 0 0 0 1 1
Agapetus rossi 1 1 0 0 1 1 0 0 0 1 1
Agapetus species (Australia) 1 1 0 0 1 1 0 0 0 1 1
Tolhuaca cupulifera 2 1 0 0 1 1 0 0 0 1 1
Tolhuaca brasiliensis 2 1 0 0 1 1 ? 0 0 1 1
Nepaloptila coei 1 0 0 0 1 1 0 1 ? ? ?
Nepaloptila kanikar 1 0 0 0 1 1 0 1 1 0 0
Nepaloptila jisunted 1 0 0 0 1 1 0 1 ? ? ?
Nepaloptila ruangjod 1 0 0 0 1 1 0 1 ? ? ?
Matrioptila jeanae 1 0 0 0 1 1 0 1 1 0 0
Padunia adelungi 1 0 0 0 1 1 0 1 1 0 0
Padunia alpina 1 0 0 0 1 1 0 1 1 0 0
Padunia forcipata 1 0 0 0 1 1 0 1 1 0 0
Padunia burebista 1 0 0 0 1 1 0 0 1 0 0
Padunia lepnevae 1 0 0 0 1 1 0 1 1 0 0
Padunia karaked 1 0 0 0 1 1 0 1 1 0 0
Poeciloptila atyalpa 1 0 0 0 1 1 0 1 1 0 0
Poeciloptila falcata 1 0 0 0 1 1 0 1 1 0 0
Poeciloptila briatec 1 0 0 0 1 1 0 0 1 0 0
Poeciloptila maculata 1 0 0 0 1 1 0 0 1 0 0
Temburongpsyche anaken 1 0 0 0 1 1 0 0 1 0 0
Scotiotrichia ocreata 2 1 0 0 1 1 0 0 1 0 1
Merionoptila wygodzinskyi 1 1 0 0 1 1 0 0 1 0 1
Campsiophora pedophila 2 1 0 0 1 1 0 0 1 0 1
Campsiophora arawak 2 1 0 0 1 1 0 0 1 0 1
Campsiophora mulata 2 1 0 0 1 1 0 0 1 0 1
Cariboptila aurulenta 2 1 0 0 1 1 0 0 1 0 1
Cariboptila caab 2 1 0 0 1 1 0 0 1 0 1
Cariboptila hispanolica 2 1 0 0 1 1 0 0 1 0 1
Cariboptila jamaicensis 2 1 0 0 1 1 0 0 1 0 1
Cariboptila orophila 2 1 0 0 1 1 0 0 1 0 1
Cubanoptila botosaneanui 2 1 0 0 1 1 0 0 1 0 1
Cubanoptila cubana 2 1 0 0 1 1 0 0 1 0 1
Cubanoptila muybonita 2 1 0 0 1 1 0 0 1 0 1
Cubanoptila purpurea 2 1 0 0 1 1 0 0 1 0 1
Culoptila cascada 2 1 0 0 1 1 0 0 1 0 1
Culoptila hamata 2 1 0 0 1 1 0 0 1 0 1
Culoptila thoracica 2 1 0 0 1 1 0 0 1 0 1
Canoptila bifida 0 1 0 0 1 1 0 0 1 0 1
Canoptila williami 0 1 0 0 1 1 0 0 1 0 1
Itauara brasiliana 0 1 0 0 1 1 1 0 1 0 1
Itauara guarani 0 1 0 0 1 0 1 0 1 0 1
Itauara plaumanni 0 1 0 0 1 0 1 0 1 0 1
Itauara amazonica 0 1 0 0 1 1 1 0 1 0 1
Itauara species 1 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara  species 2 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
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Table 9 (cont.)

89 90 91 92 93 94 95 96 97 98 99
Itauara species 3 (Brazil) 0 1 0 0 1 0 1 0 1 0 1
Itauara species 4 (Brazil) 0 1 0 0 1 0 1 0 1 0 1
Itauara species 5 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 6 (Brazil) 0 1 0 0 1 0 1 0 1 0 1
Itauara species 7 (Brazil) 0 1 0 0 1 0 1 0 1 0 1
Itauara species 9 (Brazil) 0 1 0 0 1 0 1 0 1 0 1
Itauara species 8 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 10 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 11 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 12 (Brazil) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 1 (Guyana) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 2 (Guyana) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 3 (Guyana) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 5 (Guyana) 0 1 0 0 1 1 1 0 1 0 1
Itauara species 1 (Peru) 0 1 0 0 1 1 1 0 1 0 1
Mastigoptila bicornuta 3 1 0 0 1 1 0 0 1 0 1
Mastigoptila  longicornuta 3 1 0 0 1 1 0 0 1 0 1
Mastigoptila ruizi 3 1 0 0 1 1 0 0 1 0 1
Mortoniella elongata 1 1 1 1 1 1 0 0 1 0 1
Mortoniella limona 1 1 1 1 1 1 0 0 1 0 1
Mortoniella meralda 1 1 1 1 1 1 0 0 1 0 1
Mortoniella teutona 1 1 1 1 1 1 0 0 1 0 1
Mortoniella bilineata 1 1 1 1 1 1 0 0 1 0 1
Mortoniella denticulata 1 1 1 1 1 1 0 0 1 0 1
Mortoniella roldani 1 1 1 1 1 1 0 0 1 0 1
Mortoniella marini 1 1 1 1 1 1 0 0 1 0 1
Mortoniella eduardoi 1 1 1 1 1 1 0 0 1 0 1
Mortoniella species 2 (Brazil) 1 1 1 1 1 1 0 0 1 0 1
Protoptila maculata 1 1 1 1 0 1 0 0 1 0 1
Protoptila bribri 1 1 1 1 0 1 0 0 1 0 1
Protoptila diablita 1 1 1 1 0 1 0 0 1 0 1
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Figure 1. Approximate known distribution of Protoptilinae.

146



Figure 2.  Adult.  (A) Itauara species.  (B) Mortoniella species.  (C) Protoptila 
species. 
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Figure 3.  Larval cases.  (A) Protoptila species.  (B) Culoptila moselyi Denning. 
(C) Culoptila unispina Blahnik & Holzenthal.  (Modified from Blahnik &  
Holzenthal 2006.)
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Figure 4.  Culoptila species .  (A) Metatarsal claw.  (B) Head and thorax, dorsal,  
(C) Anal claw.  (D) Larva, lateral.  (Figure modified from Holzenthal & Blahnik 
2006.) 
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5A

5B

Figure 5.   (A) Tolhuaca cupulifera.  Adult head and thorax, dorsal  (B) 
Canoptila bifida.  Adult head and mesothorax, dorsal.
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6D 6E

Figure 6.  Adult. (A) Campsiophora cubana (Sykora). Antennal segments 1-4.  
(B, C) Tolhuaca cupulifera Schmid. Foretibial (B) and mesotibial spurs (C), at 
same scale for comparison.  (D) Padunia adelungi Martynov.  Lateral view of 
lateral process of sternum V and associated internal glandular structure.  (E) 
Protoptila species.  Maxillary palp.
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Figure 7.  Fore- and hind wings. (A, B) Culoptila hamata Blahnik and 
Holzenthal.  (C, D) Campsiophora cubana (Sykora).  Wings between taxa not to 
scale.
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Figure 8.  Fore- and hind wings. (A, B) Campsiophora orophila (Flint).  (C, D) 
Campsiophora pedophila Flint.  Wings between taxa not to scale.
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Figure 9.  Fore- and hind wings. (A, B) Canoptila bifida Schmid.  (C, D) Itauara 
brasiliana (Mosely).  Wings between taxa not to scale.
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Figure 10.  Fore- and hind wings. (A, B) Merionoptila wygodzinskyi Schmid.  (C, 
D) Scotiotrichia ocreata Mosely.  Wings between taxa not to scale.
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Figure 11.  Fore- and hind wings. (A, B) Mortoniella roldani Flint.  (C, D) 
Protoptila maculata Banks.  Wings between taxa not to scale.
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Figure 12.  Fore- and hind wings. (A, B) Tolhuaca cupulifera Schmid.  (C, D) 
Mastigoptila longicornuta Flint.  Wings between taxa not to scale.
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Figure 13.  Fore- and hind wings. (A, B) Padunia adelungi Martynov.  (C, D) 
Padunia jeanae (Ross).  Wings between taxa not to scale.
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Figure 14.  Fore- and hind wings. (A, B) Padunia briatec Malicky and 
Chantaramongkol.  (C, D) Padunia anaken (Malicky).  Wings between taxa not 
to scale.
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Figure 15.  Canoptila bifida. (A) Process of sternum VI, lateral.  (B) Genitalia, 
lateral. (C) Genitalia, lateral.  (D) Genitalia, dorsal.  Abbreviations: ap. scl. = 
apical sclerite; crypt = phallocrypt; enph. = endophallus; enph. pr. = endophallic 
process; enth. = endotheca; phb = phallobase; phc. = phallicata; pmr . = 
paramere; pr. t. X = process of tergum X; stn. IX = sternum IX; t. IX = tergum 
IX; t. X. = tergum X.
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Figure 16.  Campsiophora orophila (Flint).  Male genitalia.  (A) Lateral view.  (B) 
Ventral view of phallic apparatus.  (C) Dorsal view of tergum IX and X.  Inset is 
enlarged dorsal view of tergum X.Abbreviations: inf. app. = inferior appendage; 
enph. = endophallus; ph. spn. = phallic spine; phb. = phallobase; stn. IX = sternum 
IX; t. VIII = tergum VIII; t. IX = tergum IX; t. X = tergum X. 
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Figure 17.  Campsiophora cubana (Sykora). Male genitalia. (A) Lateral view of genital 
capsule and phallic apparatus.  (B) Dorsal view of tergums VIII and IX.  (C) Dorsal 
view of processes of tergum X.Abbreviations: inf. app. = inferior appendage; phb. = 
phallobase; ph. spn. = phallic spine; stn. IX = sternum IX; t. VIII = tergum VIII; t. IX = 
tergum IX; t. X = tergum X. 
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Figure 18.  Campsiophora pedophila Flint.  Male genitalia.  (A) Lateral view of 
genital capsule (tergum IX and X) showing insertion of phallobase. (B)  Dorsal 
view of tergum IX and X.  (C) Lateral view of phallic apparatus.   (D) Ventral view 
of genital capsule.Abbreviations: inf. app. = inferior appendage; phb. = phallobase; 
IX = segment IX; t. X = tergum X. 
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Figure 19. Male genitalia. (A, B) Culoptila aluca Mosely. (A) Lateral. (B) 
Ventral. (C) Culoptila amberia Mosely, lateral.  Abbreviations:  inf. app. = 
inferior appendage; phb = phallobase; pht. scl. = phallotremal sclerite; stn. VIII = 
sternum VIII; IX = segment IX; t. VIII = tergum VIII; t. IX = tergum IX; t. X. = 
tergum X. (Modified from Blahnik & Holzenthal 2006.)
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Figure 20.  Itauara brasiliana (Mosely).  Male genitalia.  (A) Lateral view of 
genital capsule (tergum IX and X) and phallic apparatus. (B) Dorsal view of 
tergum IX and X.  (C) Ventral view of phallic apparatus and genital 
capsule.Abbreviations: d. sth. = dorsal sheath; stn. IX = sternum IX; t. IX = 
tergum IX; t. X = tergum X. 
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Figure 21.  Mastigoptila elae Holzenthal. Male genitalia. (A) Lateral view of 
genital capsule and base of phallic apparatus.  (B) Lateral view of right inferior 
appendage. (C) Lateral view of phallic apparatus (showing insertion of apex of 
recurved basodorsal process of left inferior appendage.  (D) Ventral view phallic 
apparatus. (E) Dorsal view of tergum X. Genitalia, dorsal.  Abbreviations: crypt 
= phallocrypt; inf. app. = inferior appendage; phc. = phallicata;  stn. IX = 
sternum IX; t. X. = tergum X. (Modified from Holzenthal 2004.) 
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Figure 22.  Merionoptila wygodzinskyi Schmid. Male genitalia. (A) Lateral view. 
(B) Dorsal view. (C) Ventral view.  Abbreviations: enph. = endophallus;  phb = 
phallobase; inf. app. = inferior appendage; phc. = phallicata; stn. IX = sternum 
IX; t. X. = tergum X.
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Figure 23.  Mortoniella akantha Blahnik and Holzenthal. Male genitalia. (A) Lateral 
view. (B) Dorsal view. (C) Phallic spine, dorsal view. (D) Phallic apparatus, ventral 
view.  Abbreviations: art. app. = articulated appendage; dor. spn. = dorsal phallic spine; 
enph. = endophallus;  phb = phallobase; inf. app. = inferior appendage; pct. = pocket; 
phc. = phallicata; prm. = paramere; IX = segment IX; t. X. = tergum X. (Modified from 
Blahnik & Holzenthal 2008.)
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Figure 24.  Padunia adelungi Martynov.  Male genitalia.  (A) Lateral view of genital 
capsule (tergum IX and X). (B) Lateral view of phallic apparatus.  (C) Dorsal view 
of tergum IX and X.  (D) Ventral view of genital capsule.  Abbreviations: inf. app. = 
inferior appendage; phb. = phallobase; IX = segment IX; phl. scl. = phallotremal 
sclerite; pr. IX = process of segment IX; ven. brn. = ventral branch. 
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Figure 25.  Padunia anakan (Malicky).  Male genitalia.  (A) Lateral view of 
genital capsule showing insertion of phallic apparatus. (B) Dorsal view of tergum 
IX and X. (C) Lateral view of phallic apparatus.  (D) Dorsal view of sternum IX. 
(E) Ventral view of phallic apparatus capsule.  Abbreviations: enph. = endophallus; 
inf. app. = inferior appendage; phb. = phallobase; phl. spn. = phallic spine; pr. IX= 
process of segment IX; stn. IX = sternum IX; t. IX = tergum IX; t. X = tergum X. 
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Figure 26.  Male genitalia. (A) Padunia coei (Kimmins). Holotype. Lateral view of 
genital capsule and phallic apparatus. (B) Padunia falcata (Schmid). Holotype. 
Lateral view of genital capsule. (C) Lateral view of phallic apparatus. Abbreviations: 
inf. app. = inferior appendage; phb. = phallobase; IX = segment IX; t. IX = tergum 
IX; pr. IX = process of segment IX; ven. brn. = ventral branch.   
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Figure 27.  Padunia jeanae (Ross).  Male genitalia. (A) Lateral view of genital 
capsule and phallic apparatus. (B) Lateral view of phallic apparatus.  (C) Ventral view 
of sternum IX and apex of phallic apparatus detailing insertion of inferior 
appendages.  (D) Dorsal view of genital capsule (tergum IX and X). Abbreviations: 
inf. app. = inferior appendage; phb. = phallobase; stn. IX = sternum IX; t. IX = 
tergum IX; pr. IX = process of segment IX; ven. brn. = ventral branch.
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Figure 28.  Protoptila diablita Robertson and Holzenthal. Male genitalia.  (A) 
Lateral view of genital capsule, phallic apparatus removed.  (B) Ventral view of 
sterna VIII and IX.  (C) Lateral view of phallic apparatus.  Left inset is ventral 
view of apex of phallus; right inset is enlarged lateral view of view apex of 
phallus.  Abbreviations: apd. = apodeme; art. app. = articluated appendage; inf. 
app. = inferior appendage; pct. = pocket; phb. = phallobase; phc. = phallicata; pmr. 
= paramere; IX = segment IX; stn. VIII = sternum VIII; stn. IX = sternum IX; t. 
VIII = tergum VIII; t. IX = tergum IX; t. X = tergum X. 
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Figure 29.  Male genitalia. Scotiotrichia ocreata Mosely (A) Lateral view.  (B) 
Dorsal view. (C) Ventral view.  Abbreviations: enph. = endophallus; enph. spn. = 
endophallic spine; phb = phallobase; t. X = tergum X; stn. IX = sternum IX; t. IX 
= tergum IX; t. X. = tergum X.
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Figure 30.  Male genitalia. Tolhuaca cupulifera Schmid. Male genitalia. (A) 
Lateral view.  (B) Lateral view of fully everted endophallus. (C) Dorsal view.  
(D) Ventral view of phallobase.  Abbreviations: enph. = endophallus; enph. spn. 
= endophallic spine; phb = phallobase; t. IX = tergum IX; t. X = tergum X.
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Figure 31.  Female genitalia, lateral view. (A) Tolhuaca cupulifera Schmid. (B) 
Canoptila williami Robertson and Holzenthal. (C) Padunia jeanae (Ross).  
Abbreviations: apd. = apodeme; gen. chm. = genital chamber; stn. = sternum; t. = 
tergum; vag. app. = vaginal apparatus.
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FIGURE 32. Phylogeny of protoptiline caddisflies based on Bayesian analysis of TOTAL 
COMBO dataset (80 taxa, 757 characters) under the models Mk + Γ (morphological data 
partition) and GTR + I + Γ (COI data partition).  Posterior probability values are indi-
cated above internodes.
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FIGURE 33. Phylogeny of protoptiline caddisflies based on parsimony analysis of 
TOTAL COMBO dataset (80 taxa, 757 characters). Strict consensus of 20 equally 
parsimonious trees (Length: 1880; CI: 0.356; RI: 0.575; RC: 0.205).  Bootstrap values ≥
50% are indicated above internodes.
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FIGURE 34. Phylogeny of protoptiline caddisflies based on Bayesian analysis of 
TOTAL MORPH dataset (80 taxa, 99 characters) under an Mk + Γ model.  Posterior 
probability values are indicated above internodes.
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FIGURE 35. Phylogeny of protoptiline caddisflies based on parsimony analysis of 
TOTAL MORPH dataset (80 taxa, 99 characters). Strict consensus of 2 equally parsi-
monious trees (Length: 463; CI: 0.339; RI: 0.789; RC: 0.267).  Bootstrap values ≥
50% are indicated above internodes.
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FIGURE 36. Phylogeny of protoptiline caddisflies based on parsimony analysis 
of SUBSET COMBO dataset (25 taxa, 757 characters). Strict consensus of 2 
equally parsimonious trees (Length: 1576; CI: 0.365; RI: 0.435; RC: 0.159).  
Bootstrap values ≥50% are indicated above internodes.

FIGURE 37. Phylogeny of protoptiline caddisflies based on Bayesian analysis of 
SUBSET COMBO dataset (25 taxa, 757 characters) under the models Mk + Γ 
(morphological data partition) and GTR + I + Γ (COI data partition).  Posterior prob-
ability values are indicated above internodes.
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FIGURE 38. Phylogeny of protoptiline caddisflies based on parsimony analysis 
of SUBSET MORPH dataset (25 taxa, 99 characters). Strict consensus of 12 
equally parsimonious trees (Length: 218; CI: 0.569; RI: 0.752; RC: 0.428).  
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FIGURE 39. Phylogeny of protoptiline caddisflies based on Bayesian analysis 
of SUBSET MORPH dataset (25 taxa, 99 characters) under an Mk + Γ model.  
Posterior probability values are indicated above internodes.
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FIGURE 41. Phylogeny of protoptiline caddisflies based on Bayesian analysis 
of SUBSET COI dataset (25 taxa, 658 characters) under a GTR + I + Γ model.  
Posterior probability values are indicated above internodes.
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FIGURE 42.  Constraint trees of alternative hypotheses for Protoptilinae phylogeny 
used for tests of TOTAL COMBO and TOTAL MORPH datasets.  A – Tolhuaca + 
Protoptilinae: Tolhuaca is constrained to outgroup and a monophyletic Protoptilinae 
includes the Northern clade. B – Northern + Protoptilinae: The Northern clade is 
constrained to the outgroup and a monophyletic Protoptilinae includes Tolhuaca.
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Chapter II. Molecular dating of divergence times and historical biogeography of

Protoptilinae (Glossosomatidae)

INTRODUCTION

The tortoise-, or saddle-case making caddisfly family Glossosomatidae, contains

more than 500 species and consists of 3 subfamilies.  Agapetinae, with approximately

200 species, occurs in all biogeographic regions except the Neotropics.

Glossosomatinae contains about 130 species and is known from the Holarctic and

Oriental regions.  The subfamily Protoptilinae includes more than 250 species, and has

a disjunct distribution (Fig. 1). The genus Padunia contains a single species in the

southeastern United States, and 27 species that occur in parts of Asia (eastern Siberia,

Japan, Nepal, northern India, Mongolia, China, Korea, Thailand, Vietnam, and Brunei).

Another 11 genera occur mostly in the Neotropics, including the Caribbean, with 2 of

these (Protoptila and Culoptila) also occurring in the Nearctic.  Protoptilinae is the only

glossosomatid subfamily to occur in the Neotropics and it is there where it reaches its

greatest diversity of 241 species, or 90% of known species.  In the Neotropics, the

subfamily also exhibits significant endemism, at both the genus and species level.

Several hypotheses regarding the origin and historical biogeography of

Protoptilinae have been proposed.  Ross (1956) believed that the then monotypic genus

Matrioptila (= Padunia, see Chapter 1, this work), which occurred in the Smokey

Mountains of the United States, was the most primitive genus in Protoptilinae.  Based

on this, he deduced that the subfamily first arose in North America, and spread to South
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America, giving rise to the Itauara line, which culminated in Protoptila (Ross 1956).

Later, Kimmins (1964) discovered a genus with seemingly more primitive characters in

Nepal, Nepaloptila (= Padunia, Chapter 1, this work), bringing into question Ross’s

North American center of origin hypothesis.  Marshall (1979), noting similar primitive

features of Matrioptila, Nepaloptila, and Padunia (all now in Padunia) also encouraged

the re-examination of the North American hypothesis.  However, she did not rule out

the possibility that these genera were derived from New World ancestors which passed

into Asia (Marshall 1979).   Subsequently, Schmid (1990), noting that the southern

South American genus Tolhuaca was at least as primitive as Nepaloptila (=Padunia),

remarked “Dans l’état actuel de nos connaissances, il est donc impossible de déterminer

de quell continent sont originaires les Protoptilinae” – [In the current state of our

knowledge, it is thus impossible to determine from which continent the Protoptilinae

originated].

In their revision of Tolhuaca, Robertson & Holzenthal (2005) suggested an

ancient southern Gondwanan origin for the subfamily.  They noted that the 2 known

species of Tolhuaca have disjunct, non-overlapping distributions.  One species occurs in

the temperate region of the Cordillera Nahuelbuta in Chile; the other species is known

from the subtropical Serra da Mantiqueira region of southeastern Brazil.  Tolhuaca co-

occurs with the coniferous tree genus Araucaria, which has a highly disjunct and

recognizably trans-Antarctic distribution (de Laubenfels 1988), thought to be the result

of the Mesozoic geologic break-up of southern temperate Gondwanda (Crisci et al.

1991, Sanmartín & Ronquist 2004).  Thus, Robertson & Holzenthal (2005) suggested

Tolhuaca may be an isolated relict of a more widespread Gondwanan ancestor and
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speculated that related protoptiline groups might be found in the other Gondwanan

regions.  However, no known protoptiline fossils pre-date the breakup of Gondwana,

and no protoptiline species have been found in any other Gondwanan region.

In the absence of a phylogenetic framework, one can only speculate on the

biogeographic history of Protoptilinae.  I recently inferred a phylogeny of all

protoptiline genera based on morphological and molecular data (see Chapter 1, this

work), providing a new opportunity to test the various biogeographic hypotheses.

Additionally, several Protoptilinae fossils have recently been discovered from Mexico

and the Dominican Republic (Wichard 1989, 1995, 2007, Wichard et al. 2006).

Furthermore, recent advances in molecular dating methods provide another source of

information upon which to test biogeographic hypotheses.  Using a Bayesian dispersal-

vicariance analysis, I explore biogeographic patterns within the phylogeny and apply a

novel method for choosing among ambiguous reconstructions of ancestral areas using a

consensus approach.  Additionally, I use a relaxed molecular clock analysis calibrated

with fossil data to provide a timescale for divergences across all major protoptiline

lineages.  Finally, I evaluate and compare this evidence as well as that derived from

phylogeny, fossils, climatology, and geologic history to construct a biogeographic

scenario for Protoptilinae.

MATERIALS AND METHODS

Taxon selection

I selected 4 species representing the other 2 subfamilies of Glossosomatidae

(Agapetinae and Glossosomatinae) to serve as outgroups in analyses.  Ingroup taxa
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were selected to maximize both taxonomic and geographic diversity.  All Protoptilinae

genera were included except Merionoptila (monotypic genus from northern Argentina),

Scotiotrichia (monotypic genus from Patagonian Argentina), and Canoptila (comprised

of 2 species, both from southeastern Brazil). These 3 genera were not included in the

analyses because no molecular data were available and their phylogenetic positions

within the Neotropical Clade of Protoptilinae were unresolved (see Chapter 1, this

work).  A list of specimens included in this study and their associated voucher

identification numbers is presented in Table 1.

Gene choice

Sequence data were collected from the 3rd variable region (D3, ~430 base pairs)

of the large subunit nuclear ribosomal RNA and the “Folmer region” (Folmer et al.

1994) at the 5’ end of the cytochrome c oxidase subunit I mitochondrial region (COI,

~658 bp).  Kjer et al. (2001) demonstrated that rRNA was appropriate for resolving

relationships among deeper nodes in Trichoptera, while COI improved resolution of

relationships among genera and lower taxonomic levels.  Furthermore, their study found

that including COI data in a combined analysis did not overturn results of the more

conservative marker, rRNA (Kjer et al. 2001).

DNA extraction, amplification, sequencing, and alignment

DNA was extracted from pinned or 70-80% ethanol-preserved museum

specimens, less than 10 years old.  In a few cases, DNA was extracted from specimens

less than 1 year old and preserved in 95% ethanol.  For most specimens, the head,
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thorax, and legs were used for DNA extraction; however, in some instances where

specimens were limited or only available from type material, a single leg was taken.

The wings and genitalia were retained for all specimens as vouchers and the specimen

data were entered into the University of Minnesota Insect Collection (UMSP) Biota

Trichoptera Database using the software program Biota (Colwell 2003), and can be

accessed at http://www.entomology.umn.edu/museum/databases/BIOTAdatabase.html.

For most specimens, extraction and sequencing of DNA took place while

visiting the laboratory of Dr. Karl Kjer, Rutgers University.  However, in an effort to

obtain more complete COI sequences, some specimens were sent to the University of

Guelph, Ontario, Canada (Guelph).  Standard barcoding protocols for DNA extraction,

amplification, and sequencing at Guelph followed those detailed by deWaard et al.

(2008), Haijbabaei et al. (2005), and Ivanova et al. (2006).  At Rutgers, DNA was

extracted using the DNeasy Tissue Kit (QIAGEN Inc.) with 20 µl of Proteinase K (10

ml) (QIAGEN Inc.).  DNA was amplified using polymerase chain reaction (PCR) with

Taq Master Mix Kit (QIAGEN, Inc.) and the primers listed in Table 2.  The QIAquick

PCR purification kit (QIAGEN Inc.) was used to clean products of the PCR.

Concentrations of DNA were estimated by UV visualization of ethidium bromide

stained 1% agarose gel with Tris-acetate-EDTA (TAE) electrophoresis buffer using

standard techniques.  Successfully amplified sequences were visualized and recorded

using the Applied Biosystems 3100 Automated DNA Sequencer at the School for

Environmental and Biological Sciences Sequencing Facility at Rutgers.  DNA

fragments were sequenced from both directions.
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Forward and reverse sequence fragments were aligned using ABI Prism

Sequence Navigator v. 1.0.1, Mac OS (Applied Biosystems).  Consensus sequences of

COI were then aligned using ClustalX, v. 2.0.11, Mac OS (Larkin et al. 2007) and

MacClade v. 4.06, MacOS (Maddison & Maddison 2000).  Sequences of D3 were

aligned manually with reference to secondary structure (Rutgers University) following

the methods described in Kjer (1995) and Kjer et al. (2007, 2009).  Gaps and ambiguous

sequences were coded as missing (?).

Estimation of divergence times

Divergence dates were estimated using Bayesian inference as implemented in

the program BEAST v.1.5.4 (Drummond & Rambaut 2007).  BEAST has advantage

over other programs because along with estimating branch lengths, substitution model

parameters, and dates simultaneously, the program also estimates phylogeny

(Drummond et al. 2006, Drummond & Rambaut 2007, Rutschmann 2006).  Monophyly

of some clades was assumed a priori based on previous results of a combined Bayesian

analysis of molecular and morphological data (See chapter 1, this work).  The topology

was constrained as follows: Protoptilinae as monophyletic; Tolhuaca + Protoptilinae;

Padunia + Neotropical clade; Mortoniella + Protoptila.  Additionally, Campsiophora

and Culoptila were each constrained to be monophyletic.  All other relationships were

allowed to vary so that topological uncertainty could be factored into posterior

divergence estimates.

I used a likelihood ratio (LR) test (Felsenstein 1981), as implemented in PAUP*

v.4.0b10 (Swofford 2003) to test the hypothesis that the sequence data evolved in a
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clock-like manner.  The molecular clock hypothesis was rejected at a p-value < 0.001

(df = 25), therefore analyses were carried out under a relaxed molecular clock model,

allowing branch lengths to vary according to an uncorrelated lognormal distribution

(Drummond et al. 2006).  I used a constant-rate Yule (speciation process) prior, and

apart from the fossil calibration points, all other priors and operators were set to

defaults.  Tree priors for 2 calibration points were based on the fossil record, following

a lognormal distribution.  A lognormal distribution is most appropriate for

paleontological data since it assumes that a divergence event must be older than the

oldest fossil, falling within the 95% probability distribution of some interval (Ho 2007,

Ho & Phillips 2009).  In each case, the lowest age range estimated for the fossil

determined the lower hard bound (offset), and the median age range defined the mean

and 95% high probability density (HPD), with a standard deviation of 1 (Table 3).

Dating for the Campsiophora clade was based on 4 known fossils from the Dominican

Amber [C. mederi (Wichard 1989), C. poinari (Wichard 1989), C. grimaldi (Wichard

1995), C. longiscapa (Wichard 2007)], dating from the Early Miocene through early

Middle Miocene, 15-20 mya (Iturralde-Vinent & MacPhee 1996).  Dates for Culoptila

were determined from a fossil from Mexican Amber (C. aguilerai Wichard, Solorzano

Kraemer, & Luer 2006) dating from the Late Oligocene to Middle Miocene (22-26.5

mya) (Frost & Langenheim 1974, Langenheim 1966).

The data were initially analyzed using the substitution model GTR+G+I, as

selected by ModelTest v.3.7 (Posada & Crandall 1998).  However, preliminary Beast

runs resulted in low (<100) Effective Sample Sizes (ESS) for the prior and posterior



193

parameters.  The ESS estimates the number of effectively independent draws from the

posterior distribution (Drummond et al. 2007).  A low prior and posterior ESS may be a

sign that the chain is not converging or mixing adequately or that a model is too

parameter-rich for the data.  Solutions are to increase the sampling frequency, increase

the chain length, or use a simpler model.  After attempts to increase chain length (up to

100,000,000) and sampling frequency (every 500 trees) failed to increase the ESS, the

HKY + G substitution model was used.  The final analysis included 2 independent

chains, each run for 10,000,000 generations, and sampled every 1000 trees.  Each run

was evaluated separately in the program Tracer v.1.5 (Rambaut & Drummond 2007) to

ensure convergence, sufficient ESS (>200) for all parameters and appropriate burn-in

(10%).  Tree files were combined in LogCombiner v. 1.5.4, analyzed in TreeAnnotator

v.1.5.4 (both part of the BEAST package, Drummond & Rambaut 2007), and visualized

using FigTree v. 1.3.1 (Rambaut 2007).

Reconstruction of ancestral areas

I used the biogeographic regions for Trichoptera proposed by de Moor & Ivanov

(2008) with one exception: the Neotropical region was further divided into Tropical

South America, Central America, and the Caribbean to account for areas that

historically have been disjunct (Fig. 3).  Although some Padunia species are known to

occur in the Oriental and East Palearctic, these areas were not included in analyses

because no molecular data were available for these species.  Ancestral areas were

reconstructed using divergence-vicariance analysis as optimized in DIVA v.1.2
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(Ronquist 1996, 1997).  DIVA is an events-based biogeography method, which makes

no prior assumptions on area relationships.  Speciation is assumed to have occurred as a

result of vicariance events (allopatric speciation), and optimal distributions are those

that minimize dispersal and extinction events under a parsimony criterion (Ronquist

1996, 1997).  The standalone DIVA program requires the input of a single, totally

bifurcating tree.  Yet, the use of a fixed topology for the reconstruction of ancestral

areas assumes that the phylogeny is known without error, when in fact this is rarely the

case (Nylander et al. 2008, Sanmartín & Ronquist 2004, Yu et al. 2010).  Furthermore,

as noted by Nylander et al. (2008), when internal branches are short or hard polytomies

exist, the topology may be unreliable, unstable, and sensitive to taxon sampling.  Since

different topologies produce different reconstructions of ancestral areas, the use of a

tentative phylogeny can result in spurious biogeographic histories (Nylander et al.

2008).  Another drawback of DIVA analysis is that multiple equally parsimonious

biogeographic pathways often result in multiple optimal distributions at internal nodes

(Harris & Xiang 2009, Nylander et al. 2008, Ronquist 1997, Yu et al. 2010).  This

ambiguity becomes more prevalent towards the root of the tree and if there are many

widespread extant taxa (Harris & Xiang 2009, Nylander et al. 2008, Ronquist 1997, Yu

et al. 2010).

Nylander et al. (2008) recently introduced a Bayesian approach for DIVA

analysis that accounts for phylogenetic uncertainty and ambiguity in ancestral areas

optimization.  In this method, ancestral areas reconstructions are averaged over all trees

and then weighted by the probability that each tree is correct (Nylander et al. 2008).

Frequencies of ancestral areas for clades are plotted as marginal distributions (a product
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of the clade posterior probability in the rest of the tree and multiple equally

parsimonious reconstructions at each node) on a majority-rule consensus or other final

tree (Nylander et al. 2008).  This allows for a more intuitive interpretation of the

underlying phylogenetic uncertainty and may help to select a preferred solution among

multiple equally parsimonious alternative reconstructions (Nylander et al. 2008).

I used Nylander et al’s (2008) Bayesian method of DIVA analysis as

implemented in the newly developed program S-DIVA (Statistical Dispersal-Vicariance

Analysis) v.1.9b (Yu et al. 2010).  A set of 20,000 trees resulting from the BEAST

analysis was imported into S-DIVA with a 10% burn-in.  Optimization parameters were

set to DIVA program defaults with zero cost assigned to vicariance events and one cost

for dispersal events.  I conducted 2 different analyses, an unconstrained analysis and

one in which the maximum number of ancestral areas was set to 2 under the assumption

that the ancestor of Protoptilinae had a range similar in size to that of extant protoptiline

species.  Constraining the number of maximum areas is said to have the effect of

increasing resolution of the analysis and better estimating a geographic center of origin

(Ronquist 1996, 1997, Zink et al. 2000).  However, constraining the maximum number

of areas can also greatly affect the results of the optimization process.  For instance,

constraining the number of maximum areas requires the introduction of additional

assumptions to the analysis.  Additionally, Kodandaramaiah (2010) recently

demonstrated that the lower the number of maximum areas, the higher the probability of

inferring spurious dispersals.  Thus, although a constrained analysis may result in

increased resolution, it is unclear whether or not the most likely ancestral area is

actually estimated.  But, when areas are unconstrained, the probability of spurious



196

vicariance events may increase (Kondandaramaiah 2010) and ancestral areas have a

tendency to be inferred as widespread, especially towards the root (Harris & Xiang

2009, Kodandaramaiah 2010, Nylander et al. 2008, Ronquist 1996, Yu et al. 2010).

Furthermore, unconstrained analyses often result in numerous alternative ancestral area

reconstructions for various nodes, making interpretation of biogeographic hypothesis

difficult.

To reconcile this apparent conflict of methods, I used a 2-pronged approach.

When several equally parsimonious solutions were recovered for a particular node, I

chose the ancestral state with the highest marginal probability.  However, when

marginal probabilities among various solutions were equal, or less than 1% different, I

calculated the strict consensus of areas from all equally parsimonious solutions with the

highest marginal probability.  For example, assume 3 different solutions are given for a

node, each with a marginal probability of 33%: ABC, ACD, ABCD.  Since A and C are

the only areas to occur in every solution, the ancestral state inferred for that node is AC.

This approach is probably the most conservative of methods, and entails the fewest

assumptions.  Additionally, the number of ancestral areas is minimized based on the

data rather than an a priori assignment.  Furthermore, by omitting superfluous

alternative reconstructions, a more informative distributional history is revealed which

can serve as a basis for studying the overall biogeographic patterns of the group.
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RESULTS

Mitochondrial DNA (COI) provided 267 parsimony-informative characters out

of 658 aligned nucleotide positions (40%).  Ribosomal RNA (D3) provided 39

parsimony-informative characters out of 431 positions (9%).  There were no gaps in the

aligned COI data compared to 68 positions in the D3 alignment.

Divergence dates (Fig. 2, Table 3)

Divergence time estimates for major protoptiline lineages are presented on the

maximum credibility tree in Figure 2.  Estimated mean divergence dates for individual

nodes, including the upper and lower bounds for the 95% of the HPDs, are shown in

Table 3.  Results suggest that the most recent common ancestor of Protoptilinae

diverged about 55 mya during the Early Eocene.  The origin of the subfamily was

followed by divergences of all major clades through the Late Eocene, about 34 mya.

The Neotropical Clade began to diversify about 47 mya.  The Oligocene (~34-23 mya)

saw the rise of most modern genera, although Mortoniella began to diverge earlier in

the Late Eocene.  The Patagonian endemic genus Mastigoptila is relatively young,

dating to only 10.5 mya, from the Late Miocene.

Biogeographic analyses (Fig. 3, Table 4)

In the constrained analysis, for all but 2 nodes, a single optimal distribution was

reconstructed, whereas in the unconstrained analysis, multiple solutions (up to 16) were

optimized at several nodes (Table 4).  After excluding alternative reconstructions in the

unconstrained analysis by choosing only reconstructions with the highest marginal
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probability, or areas that only appeared in the consensus the 2 analyses differed

primarily towards the root nodes (Fig. 3).  The constrained analysis optimized East

Nearctic and Patagonia as the ancestral areas for Protoptilinae, whereas in the

unconstrained analysis, the areas were inferred to be Central America, Tropical South

America, and Patagonia (Fig. 3, node 1).  In the constrained analysis, the clade

containing Padunia and the Neotropical Clade was identified as having just a single

area of origin, the East Nearctic; in the unconstrained analysis, the origin was Central

America and Tropical South America (Fig. 3, node 2).  The ancestral distribution of the

Neotopical Clade was optimized as East Nearctic with a dispersal event to Tropical

South America in the constrained analysis and Central America and Tropical South

America in the unconstrained analysis (Fig. 3, node 3).  In the constrained analysis, the

ancestral areas of the clade including Mastigoptila longicornuta through Campsiophora

caab (Fig. 3, node 5) was inferred as Tropical South America with a re-colonization to

Patagonia followed by a later dispersal to the Caribbean (Fig. 3, node 6).  In the

unconstrained analysis, Tropical South America was optimized as the ancestral area for

this clade along with Caribbean and Patagonia, the result of dispersal and re-

colonization, respectively (Fig. 3, node 5).  Ancestral areas reconstructions of the

remaining clades differed little between analyses.

Both the constrained (favoring dispersal) and unconstrained (favoring

vicariance) analyses required a total of 9 dispersal events.  In the unconstrained

analysis, 5 of these dispersals occurred on internal branches (lineages) that later

experienced a vicariance event (allopatric speciation), while in the constrained analysis,
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7 such dispersals occurred.  Thus, 20-30% of speciation events appear to be the result of

dispersal, range expansion, or subsequent re-colonization.

DISCUSSION

Ancestral distributions

Although constrained and unconstrained DIVA analyses share several ancestral

areas, they differ completely at node 2 (Fig. 3).  In the constrained analysis, the

ancestral distribution of Protoptilinae was optimized to be East Nearctic and Patagonia.

As these regions are quite disjunct and not contiguous historically or presently, this

ancestral reconstruction appears nonsensical.  It is unlikely that the common ancestor of

Protoptilinae would have existed in both the East Nearctic and Patagonia, but have been

absent in the areas connecting them (Tropical South America & Central America).

However, this distributional pattern could result from a northern migration of a

Patagonian ancestor to Tropical South America, Central America, and then to the East

Nearctic, with a subsequent extinction of the Neotropical populations.  However, this

reconstruction would require a re-colonization into the Neotropics to explain the present

distribution.  On the other hand, the unconstrained analysis identified Central America,

Tropical South America, and Patagonia as ancestral areas for Protoptilinae.  Since 90%

of Protoptilinae diversity presently occurs in the Neotropics, this ancestral distribution

seems more likely.  The sister species of the basal Tolhuaca cupulifera is T. brasiliensis

and occurs in southeastern Brazil, which is assigned to the Tropical South American

region.  However, since no molecular data were available for this species, it was not
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included in these analyses.  It is possible that inclusion of this taxon may have expanded

the ancestral areas in the constrained analysis to include Tropical South America.  Thus,

the constrained analysis may be more sensitive to taxon sampling than an unconstrained

analysis.

Biogeographic history (Fig. 5)

This study rejected the hypothesis that Protoptilinae first arose in Asia, as suggested by

Kimmins (1964) and Marshall (1979).  Likewise, Ross’s (1956) North American center

of origin hypothesis was rejected.  According to fossil-calibrated age estimates and

DIVA analysis, the Protoptilinae lineage arose in Central America, Tropical South

America, and Patagonia, around the Paleocene-Eocene Boundary (~55 mya).  During

this time, Gondwana entered its final stages of geologic fragmentation; however, a few

land connections between southern South America, Antarctica, and Australia remained.

Additionally, North and South America were connected intermittently by island

connections and North America was connected to Eurasia via Beringia.  The Paleocene-

Eocene Boundary also marked a major climatic shift, known as the Paleocene-Eocene

Thermal Maximum (PETM).  During this period, the climate became increasingly warm

and humid as global temperatures rose by 5-10ºC during a span of ~20,000 years; this

event was followed by a continued gradual warming for another 100,000 years (Bowen

et al. 2004, Wing et al. 2005, Zachos et al. 2008).  This abrupt climatic change has been

associated with the early diversification and dispersal of many plants, insects, and

mammals, particularly at the higher latitudes (Bowen et al. 2004, Gingerich 2006, Wilf

& Labandeira 1999, Wing et al. 2005).
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Since even the uppermost age range (~80 mya) estimated for Protoptilinae post-

dates the largely Mesozoic break-up of Gondwanaland, a truly temperate Gondwanan

origin (southern South America, Australia, Antarctic, New Zealand, New Caledonia,

and southern temperate Africa) for the subfamily is not supported by this study.

However, this result does not entirely preclude a southern Gondwanan origin.  Southern

South America remained in contact with Antarctica via the Antarctic Peninsula until the

Oligocene (30-28 mya), and Antarctica and Australia did not completely separate until

the late Eocene (35 mya) (Sanmartín & Ronquist 2004).  Throughout the Eocene, these

landmasses had a temperate climate, which allowed faunal exchange of many organisms

(Brundin 1966, Sanmartín & Ronquist 2004, Woodburne & Case 1996).  Amorim et al.

(2009) recently pointed out that post-Pangean fauna originating in Laurasia could have

reached these southern Gondwanan areas and undergone Early Tertiary vicariant events.

Therefore, it is entirely possible that the ancestral distribution of Protoptilinae ranged

from Central America southward through Patagonia to also include these areas.

However, barring any Protoptilinae species (extant or fossil) in Australia or New

Zealand, a trans-Antarctic ancestral distribution, as first hypothesized by Robertson &

Holzenthal (2005) remains questionable.

The identity of Beringia and the East Nearctic as ancestral areas for Padunia,

suggests a more widespread Holarctic ancestor for this lineage, and rules out the

possibility of a trans-Antarctic dispersal to explain the presence of Padunia in Asia.

While North America and South America were not connected during the Paleocene-

Eocene Boundary, there did exist a series of volcanic and continental islands that could

have allowed for intermittent amphinotic movement between the continents (Iturralde-
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Vinent & MacPhee 1999).  Such “island-hopping” between North and South America

may explain Eocene migrations of South American rainforest tree flora, Malpighiaceae,

and certain mammalian groups (Davis et al. 2002, MacPhee & Iturralde-Vinent 1995,

Pennington & Dick 2004).  From South America, early protoptilines could have

expanded their range into Central America via this island route.  Subsequently, the

lineage leading to Padunia migrated to North America, with warm climatic conditions

facilitating range expansion further northward.  The Beringian land connection between

North America and Laurasia remained emergent until late Miocene, permitting dispersal

between the continents throughout the Cenozoic (Marincovich & Gladenkov 1999).

Via this route, Padunia could have dispersed westward to northern Siberia, and

colonized the East Palaearctic and Oriental regions.  Presumably, northern populations

went extinct as a result of Pleistocene glaciation, resulting in Padunia’s present disjunct

distribution.

During the Middle Eocene, the Neotropical clade split into 2 lineages, 1 arising

in Central America and leading to Culoptila (which later expanded to the West and East

Nearctic), and another lineage with Tropical South American origins, which culminated

in the most diverse protoptiline groups.  The Mortoniella + Protoptila clade arose in the

Middle to Late Eocene in Tropical South America with species later re-colonizing

Central America in the late Oligocene and migrating to the West and East Nearctic

during the Miocene.  The ancestor of the lineage leading to Mastigoptila experienced an

apparent range expansion, migrating southward to re-colonize Patagonia in the late

Eocene.  The ancestral range of the Itauara + Campsiophora clade was inferred to be

Tropical South America and the Caribbean.  The initial colonization of the Caribbean
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by the lineage leading to Campsiophora coincided with the Eocene-Oligocene transition

(~33-35 mya), when the developing northern Greater Antilles and northwestern South

America were briefly connected by a landspan known as GAARlandia (Greater Antilles

+ Aves Ridge) (Iturralde-Vinent & MacPhee 1999).  The GAARlandia connection

began to break apart around ~33 mya  (Itturalde-Vinent & MacPhee 1999). Thus,

speciation in the lineage leading to the Caribbean endemic Campsiophora is the result

of a dispersal event to the Greater Antilles, followed by vicariance. The “GAARlandia”

hypothesis has been used to explain the biogeographic patterns of numerous faunal

groups including nymphalid butterflies, small mammals, amphibians, and several plant

species (Dávalos 2004, Fritsch & McDowell 2003, Ricklefs & Bermingham 2008,

Wahlberg 2006).

CONCLUSIONS

According to these analyses, the current disjunct distribution of Tolhuaca is a

relict of a more widespread protoptiline ancestor that first originated in Central and

South America at the Paleocene-Eocene Boundary.  While the presence of Protoptilinae

in Asia is doubtfully a result of trans-Antarctic migration, it is possible that the ancestral

range of early protoptilines also included Antarctica, Australia, and New Zealand.  The

present-day distribution of Protoptilinae can be explained by a series of complex

patterns of dispersal and vicariance.  The timing of many lineage divergences correlates

with geologic events that would have facilitated movement between continents.  Island

corridors between South and Central America would have allowed migration
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northward.  The presence of Padunia in Asia most likely resulted from migration across

Beringia.  GAARlandia provided a route for range expansion to the Greater Antilles,

and its subsequent re-submergence led to the divergence of Campsiophora.  Present-day

endemism in Patagonia is the result of fairly recent re-colonization and the widespread

occurrence of Protoptila and Mortoniella in Central America can be attributed to

secondary dispersal from South America.  Similarly, multiple independent dispersals

into North America are responsible for the presence of protoptiline species there.
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Table 1. List of specimens sequenced for DNA and associated University of Minnesota
Insect Collection (UMSP) barcode label numbers. Asterisk (*) indicates Barcode of Life
Data systems (BOLD) sample identification number (specimen deposited at NMNH).
Cross (†) indicates that sequence data was unavailable for D3 fragment.

Species Barcode ID Locality

Agapetus species (Australia) UMSP000116850 Australia
Anagapetus debilis UMSP000084345 United States
Campsiophora caab UMSP000210889 Dominican Republic
Campsiophora hispanolica UMSP000210890 Dominican Republic
Campsiophora botosaneanui† UMSP000124342 Cuba
Campsiophora aurulenta UMSP000210891 Dominican Republic
Culoptila hamata† UMSP000000468 Costa Rica
Culoptila cantha UMSP000210873 United States
Glossosoma alascense UMSP000210874 United States
Glossosoma intermedium† UMSP000208799 United States
Itauara species 3 (Brazil) UMSP000081856 Brazil
Itauara species 4 (Brazil) UMSP000082824 Brazil
Itauara species 6 (Brazil) UMSP000070956 Brazil
Mastigoptila bicornuta UMSP000210870 Chile
Mastigoptila longicornuta UMSP000084060 Chile
Mastigoptila ruizi UMSP000210822 Chile
Mortoniella marini UMSP000210892 Bolivia
Mortoniella eduardoi UMSP000210893 Bolivia
Mortoniella limona UMSP000073459 Venezuela
Mortoniella denticulata† UMSP000001417 Venezuela
Padunia jeanae UMSP000039624 United States
Padunia lepnevae† UMSP000107053 Russia
Protoptila diablita UMSP000210895 Bolivia
Protoptila laterospina UMSP000126568 Costa Rica
Protoptila maculata† 08OFCAD-0949* United States
Protoptila voluta UMSP000126575 Venezuela
Tolhuaca cupulifera UMSP000115152 Chile
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Table 2. Primers used in polymerase chain reactions for this study.

Primer Sequence (5’ to 3’) Reference

COI 1709Fs TAATTGGAGGATTTGGAAATTG Zhou et al. 2007
COI 1709Fg TAATTGGAGGATTTGGWAAYTG Zhou et. al. 2007
COI 1751F GGATCACCTGATATAGCATTCCC Zhou et. al. 2007
COI 2191R CCYGGTAAAATTAAAATATAAACTTC Zhou et. al. 2007
COI 2355R GCTCGTGTATCWACGTCTAT K. Kjer, personal

communication
LepF1 ATTCAACCAATCATAAAGATATTGG Hebert et al. 2004
LepR1 TAAACTTCTGGATGTCCAAAAAATCA Hebert et al. 2004
LCO1490 GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994
MLepF1 GCTTTCCCACGAATAAATAATA Hajibabaei et al. 2006
MLepR1 CCTGTTCCAGCTCCATTTTC Hajibabaei et al. 2006
D3-UP ACCCGTCTTGAAACACGGAC Kjer et al. 2001
D3-TRIC-DN ATTCCCCTGACTTCGACCTGA Kjer et al. 2001
D3dnTR2 CTATCCTGAGGGAAACTTCGGA Kjer et al. 2001
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Table 3. Log-normal calibration priors (based on fossils) and posterior probability
estimates for node age (millions of years). Dash (–) indicates no prior age constraints.

Node

Calibrations (priors) –
log-normal prior distribution:
Mean [offset, standard
deviation]

Posteriors –
Posterior probability
density:
Mean [95% HPD]

(1) Protoptilinae – 55.1 [35.1, 80.5]
(2) Padunia + Neotropical Clade – 50.7 [32.9, 73.5]
(3) Neotropical Clade – 46.9 [31.0, 67.7]
(4) Mortoniella –Campsiophora – 41.6 [27.1, 60.9]
(5) Mastigoptila – Campsiophora – 37.7 [23.7, 54.5]
(6) Itauara + Campsiophora – 34.3 [21.7, 50.0]
(7) Padunia – 22.7 [11.5, 36.1]
(8) Culoptila 24 [22, 1] 29.7 [22.5, 39.6]
(9) Mortoniella – 35.4 [21.3, 51.9]
(10) Mortoniella + Protoptila – 40.9 [26.0, 59.6]
(11) Protoptila – 28.0 [16.9, 42.5]
(12) Mastigoptila – 10.6 [5.0, 17.5]
(13) Itauara – 24.8 [14.1, 37.0]
(14) Campsiophora 17 [15, 1] 23.5 [15.8, 34.0]
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Table 4.  Results of S-DIVA analyses for unconstrained and constrained (maximum areas
= 2) analyses.  Percentages are marginal probabilities for alternative reconstructions of
ancestral areas.  Areas in BOLD indicate areas appearing in a strict consensus of areas
when marginal probabilities differed less than 1%. An asterisk (*) indicates the ancestral
areas reconstruction with highest marginal probability. Abbreviations: BR = Beringian;
CA = Central America; CB = Caribbean; EN = East Nearctic; TS = Tropical South
America; PT = Patagonia; WN = West Nearctic.

Node Unconstrained Constrained
Node 1 6.0861%

6.0861%
6.4139%
6.4139%
6.0861%
6.0861%
6.4139%
6.4139%
6.0861%
6.0861%
6.4139%
6.4139%
6.0861%
6.0861%
6.4139%
6.4139%

CA, TS, PT;
BR, CA, TS, PT;
CA, CB, TS, PT;
BR, CA, CB, TS, PT;
CA, EN, TS, PT;
BR, CA, EN, TS, PT;
CA, CB, EN, TS, PT;
BR, CA, CB, EN, TS, PT;
CA, TS, PT, WN;
BR, CA, TS, PT, WN;
CA, CB, TS, PT, WN;
BR, CA, CB, TS, PT, WN;
CA, EN, TS, PT, WN;
BR, CA, EN, TS, PT, WN;
CA, CB, EN, TS, PT, WN;
BR, CA, CB, EN, TS, PT, WN

100% EN, PT

Node 2 5.4096%
5.6346%
5.4096%
5.4096%
5.6346%
5.6346%
5.6225%
5.6225%
5.6225%
5.4096%
5.6346%
5.4096%
5.4096%
5.6346%
5.6346%
5.6225%
5.6225%
5.6225%

BR, CA, TS;
BR, CA, CB, TS;
CA, EN, TS;
BR, CA, EN, TS;
CA, CB, EN, TS;
BR, CA, CB, EN, TS;
BR, CA, CB, TS, PT;
CA, CB, EN, TS, PT;
BR, CA, CB, EN, TS, PT;
BR, CA, TS, WN;
BR, CA, CB, TS, WN;
CA, EN, TS, WN;
BR, CA, EN, TS, WN;
CA, CB, EN, TS, WN;
BR, CA, CB, EN, TS, PT;
BR, CA, CB, TS, PT, WN;
CA, CB, EN, TS, PT, WN;
BR, CA, CB, EN, TS, PT, WN

100% EN
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Table 4 (cont.)

Node 3 8.1143%
8.4519%
8.1143%
8.4519%
8.4338%
8.4338%
8.1143%
8.4519%
8.1143%
8.4519%
8.4338%
8.4338%

CA, TS;
CA, CB, TS;
CA, EN, TS;
CA, CB, EN, TS;
CA, CB, TS, WN;
CA, CB, EN, TS, WN;
CA, TS, WN;
CA, CB, TS, WN;
CA, EN, TS, WN;
CA, CB, EN, TS, WN;
CA, CB, TS, PT, WN;
CA, CB, EN, TS, PT, WN

100% EN, TS

Node 4 33.1474%
33.2504%
33.6023%

TS;
CB, TS;
CB, TS, PT

100% TS

Node 5 31.4086%
32.7471%
35.8444%

CB, PT;
TS, PT;
CB, TS, PT*

100% TS, PT

Node 6 100% CB, TS 100% CB, TS
Node 7 100% BR, EN 100% BR, EN
Node 8 33.3333%

33.3333%
33.3333%

CA, EN;
CA, WN;
CA, EN, WN

100% EN, CA

Node 9 100% TS 100% TS
Node 10 100% TS 100% TS
Node 11 100% TS 100% TS
Node 12 14.5912%

11.2000%
17.2696%
11.2000%
17.2696%
11.2000%
17.2696%

CA, TS;
EN, TS;
CA, EN, TS*
TS, WN;
CA, TS, WN*;
EN, TS, WN;
CA, EN, TS, WN*

44.1639%
27.9181%
27.9281%

CA, TS*
EN, TS
TS, WN

Node 13 100% PT 100% PT
Node 14 100% TS 100% TS
Node 15 100% CB 100% CB



~10%

~90%

Figure 1.  Approximate known distribution of Protoptilinae.  Ten of the 11 genera occur in the Americas.  A single genus, Padunia, 
occurs in the Old World (27 species) and southeastern United States (1 species). The Neotropical region is the most diverse with 241 
out of 263 described species. 
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Figure 2.  Divergence time estimates for major Protoptilinae lineages.  Stars 
indicate 2 calibration points based on fossil data.  Upper and lower bounds for 
the 95% highest posterior distributions (HPDs) are indicated by horizontal bars.  
Additional estimates for numbered nodes appear in Table 3.  Timescale is in 
millions of years before present.  Abbreviations: Paleo=Paleocene; 
Oligo=Oligocene; Pl=Pliocene; P=Pleistocene.   
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Agapetus species  

Tolhuaca cupulifera PT

Padunia lepnevae BR

Padunia jeanae EN

Culoptila hamata CA

Culoptila cantha EN, WN

Mortoniella limona TS

Mortoniella marini TS
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Mortoniella eduardoi TS
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Protoptila maculata EN, WN
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Figure 3.  Summary of Bayesian analysis for major Protoptilinae lineages, as optimized 
by DIVA (Ronquist 1996, 1997) in the program S-DIVA (Yu et al. 2010). (A) 
Constrained with maximum areas set to 2. (B) Unconstrained. Only reconstructions 
with the highest marginal probabilities are shown, or in cases where probabilities were 
equal, a strict consensus of equally parsimonious areas is shown.  Numbers above 
nodes are posterior probabilities. Complete results for numbered nodes are presented in 
Table 4. Species distributions are given next to taxon names.  Abbreviations: BR = 
Beringian; CA = Central America; CB = Caribbean; EN = East Nearctic; TS = Tropical 
South America; PT = Patagonia; WN = West Nearctic.
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Figure 4.  Hypothesized routes of protoptiline dispersal.  Solid black arrows indicate routes of initial migration.  Dashed arrows 
represent secondary dispersal and re-colonization events. 
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Chapter III. A revision of the Neotropical caddisfly genus Itauara (Müller 1888)

(Glossosomatidae: Protoptilinae)

INTRODUCTION

The genus Itauara Müller (1888), belongs to the saddle-, or tortoise-case making

caddisfly family Glossosomatidae.  The name Itauara comes from the Tupi-Guarani

language and roughly translates to “born from rock,” likely referring to glossosomatid

larval cases, often found conspicuously on the surface of submerged rocks.  Like other

members of Protoptilinae, Itauara adults are minute, usually less than 3 mm in size.

Their wings are brownish and may have a conspicuous white spot at the arculus or

transverse line along the anastomosis.  The 4 known species of Itauara occur only in

South America, with 3 of these (I. brasiliana, I. guarani, and I. plaumanni) endemic to

southeastern Brazil and surrounding regions of Argentina and Uruguay.  A fourth species,

I. amazonica, is known from Amazonas state, Brazil.  Itauara are rather rare in

occurrence; indeed, several of the new species described here are known from only a

single specimen.

Until recently, the generic status of Itauara was uncertain.  Fritz Müller (1888)

first used the name Itauara in a discussion of larval parts, but he did not include any

species or illustrations.  In a later, posthumous work (Müller 1921), he provided sketches

of the female forewing venation and some larval parts.  Ulmer (1957) thought that

Müller’s illustrations resembled those of other genera in Protoptilinae of South American

origin, and suggested that the larvae be split into different species and perhaps even

different genera.  He also noted that Müller’s forewing illustration completely matched
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that of Antoptila brasiliana Mosely 1939 (Ulmer 1957).  In his studies of Trichoptera

collected from the Amazon, Marlíer (1964) later described some Protoptilinae larvae and

female pupae and attributed them to Itauara.  However, since the pupae were all females

and the wings were not in a condition to adequately observe wing venation, Marlíer

(1964) declined to provide a species name.  Later, Flint (1971, 1974) described 2 new

Antoptila species from the Amazon and southeastern Brazil.  Angrisano (1993) described

the female, larvae and pupae of A. brasiliana (Mosely 1939) and males and females of A.

plaumanni (Flint 1974) and another new species A. guarani (Angrisano 1993).

Subsequently, based on similarities in wing venation and of cases and larval parts, Flint et

al. (1999) synonymized Itauara with Antoptila Mosely 1939, designated A. brasiliana as

the type species, and transferred the 3 other known species of Antoptila to Itauara.

Itauara larvae construct rather loose, easily deformable cases of large and small

grains of sand that are vaulted dorsally, and almost flat ventrally (Angrisano 1993).  In

southeastern Brazil and surrounding regions in Argentina and Uruguay, larvae are known

to occur in sandy bottom streams with scarce vegetation where they attach their cases to

Characeae algae (Angrisano 1993).

In a recent phylogenetic analysis of the entire protoptiline subfamily, Itauara was

recovered as a monophyletic group with strong support (see Chapter 1, this work).  The

presence of a dorsal sheath-like phallicata was identified as a unique synapomorphy of

Itauara.  Although members of this genus have seemingly similar male genitalia, certain

structures are not homologous.  For example, the type species I. brasiliana (Mosely

1939) has 2 pairs of curious elongate, seta-like processes on sternum IX.  The 3

additional species placed in the genus have similarly looking elongate ventral processes,
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yet they are not the same as in the type species; these processes are parameres, and arise

directly from the phallobase or endotheca, rather than sternum IX.  In this paper, I

determine the homologies and establish standardized terminology of the male genitalic

structures among species.  Additionally, I re-describe and illustrate the 4 known Itauara

species and describe 18 new species from southeastern Brazil, Peru, Guyana, and

Venezuela, bringing the total number of species to 22. These species are here assigned to

2 species groups and listed in Table 1.  Finally, I provide a key to the males of Itauara.

MATERIAL & METHODS

Specimen preparation and observation

To observe certain structural features of the male genitalia, soft tissues were cleared using

a lactic acid method outlined in detail by Holzenthal & Anderson (2004) and Blahnik et

al. (2007).  Genitalia were carefully removed from the abdomen using microscissors and

placed in a Pyrex® tube (10 x 75 mm) containing approximately 2-3 cubic centimeters of

lactic acid.  The test-tube was then heated in a Fischer Scientific dry bath incubator at

110-125ºC for 30-45 minutes.  Once cleared, the genitalia were rinsed in distilled water

to remove any remaining lactic acid.  For some specimens, the entire individual was

cleared (after removing the wings) to more easily observe external structures obscured by

setae, such as thoracic warts.  Specimens that were over-cleared or lightly sclerotized

were stained.  Such specimens were immersed in a small watch-glass containing

Chlorazole Black E (Sigma Chemical Co.) dissolved in glycerin for 15 minutes to several
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hours, depending on the size and condition of the specimen.  Stained specimens were

then rinsed in distilled water to remove any excess stain.  Specimens were examined in a

small watch-glass containing glycerin using an Olympus SZX12 dissecting microscope or

Olympus BX41 compound microscope.

To observe wing venation, wing mounts of each species were prepared following the

protocols of Blahnik & Holzenthal (2004).  Wings were removed from the specimen and

placed in a dish of distilled water containing a very small amount of dishwashing soap to

allow the wings to break the surface tension of the water.  Using a pair of soft fine artist

brushes, setae were removed from the wings.  The wings were then rinsed in fresh

distilled water and carefully arranged on a 12 mm diameter glass coverslip with a small

drop of distilled water, then covered with another coverslip.  The coverslips were then

placed in a folded lint-free KIM® wipe covered with a small weight (5-6 pennies) until

dry.  Once dry, small dabs of Gelva® multipolymer adhesive were applied to the edges of

the coverslips to glue them together.  Wing preparations were then digitally photographed

using a Leica EC3 digital camera mounted on an Olympus SZX12 dissecting microscope.

Illustrations, descriptions, and identification key

Pencil sketches of the male genitalia were completed using either an optical grid on a

dissecting microscope, or camera lucida (drawing tube) mounted on a compound

microscope.  Pencil sketches were scanned digitally, and then placed as a template layer

in Adobe Illustrator® for final rendering.  Prepared wing mounts were photographed

digitally using a Leica camera mounted to a dissecting microscope.  Digital images were

then placed as a template layer in Adobe Illustrator® for final rendering.  Descriptions of
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species and generation of the identification key were facilitated by using the software

package DELTA (DEscriptive Language for Taxonomy) (Dallwitz 1980, Dallwitz et al.

1993 onwards, 1999 onwards).   The DELTA system promotes consistency in descriptive

taxonomy through use of a data matrix, and can be used to record taxonomic information,

generate text descriptions, and produce identification keys (Coleman et al. 2010, Dallwitz

et al. 1999 onwards).

Females, with similar size and coloration, and collected at the same time and locality

as males, are listed as paratypes under the material examined for some species.  Previous

experience has shown that having presumptively associated female specimens may be

useful for future associative studies.  However, since there is some uncertainty of

association, I have deferred description of females.

Morphological terminology

Morphological terminology for male genitalia was adapted from Blahnik &

Holzenthal (2006, 2008), Holzenthal (2004), Holzenthal & Blahnik (2006) , and Morse

(1988).  Terminology for specific structures of male genitalia, as homologized in this

study, is indicated in Figures 4-25.  Wing venation terminology follows the Comstock-

Needham system as interpreted by Ross (1956) and Schmid (1998).

Depositories

Types and additional material examined for this study are deposited at the British

Museum of Natural History, London, UK (BMNH); the National Museum of Natural

History, Washington, DC, USA (NMNH), the Museo Argentino de Ciencias Naturales
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Bernardino Rivadavia, Buenas Aires, Argentina (MACN), the Museu de Zoologia,

Universidade de São Paulo, São Paulo, Brazil (MZUSP), and the University of Minnesota

Insect Collection, Saint Paul, USA (UMSP). All specimens or lot of alcohol specimens

examined in this study were affixed with a barcode label with a unique 9 digit

alphanumeric code starting with the prefix UMSP.  This prefix indicates that the

specimen has been databased at UMSP, but it is not meant to imply possession by UMSP.

Specimen-level taxonomic, locality, and other information, are stored in the University of

Minnesota Insect Collection Biota Trichoptera Database using the software program

Biota (Colwell 2003), and can be accessed at

http://www.entomology.umn.edu/museum/databases/BIOTAdatabase.html.

SYSTEMATICS

Generic description

Genus Itauara Müller 1888

Itauara Müller 1888: 275 [Type species: Antoptila brasiliana Mosely 1939, subsequent

selection by Flint, Holzenthal, and Harris 1999].

Antoptila Mosely 1939: 219 [Type species: Antoptila brasiliana Mosely 1939, original

designation] Flint, Holzenthal, and Harris 1999, to synonymy.

The genus Itauara can be identified by features of the male genitalia.  The phallic

apparatus consists of a sclerotized dorsal sheath covering a very membranous ventral

portion, an apparent posterior extension of the phallobase or phallicata.  Rarely, the
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phallicata is tubular or separated from the phallobase by a membranous portion.  In some

species, this sclerotized dorsal sheath seems to detach from the ventral membrane

apically to reveal a single dorsomesal process or spine (e.g., I. amazonica).  Mortoniella

has a similar dorsomesal process or spine, but in Mortoniella it arises internally from the

phallobase, whereas in Itauara it appears to arise dorsobasally, as an extension of the

phallicata.  In several species the sheath produces a dorsolateral flange-like process,

although this character is not diagnostic for the genus.  Another genitalic feature

characteristic of Itauara is an extremely reduced phallobase.  In most species, the

phallobase is barely visible, consisting of a small, very lightly sclerotized or an entirely

membranous structure.  The genera Mastigoptila and Canoptila display similar

reductions or absences of the phallobase, but can easily be separated from Itauara by

other genitalic characters: Mastigoptila has an elongate, whip-like process arising from

the membranes of the phallocrypt; Canoptila has highly membranous digitate parameres.

When present (they have been lost in many species), the inferior appendages are rather

distinct for Itauara, consisting of a single or apically bifid process produced mesally and

fused to the phallobase ventrobasally.  This inferior appendage process articulates with

the base of the phallobase and in doing so, is capable of pivoting downward (Fig. 13A

and inset).  All species, except in I. brasiliana, have rather elongate, sclerotized, rod-like

parameres, whose shape varies greatly among species.  In many species these parameres

arise ventrobasally from the phallobase, with which they appear to articulate.  As the

inferior appendage process is absent in those species, it is possible that the parameres

have taken on a clasper-like function.

The forewing venation of Itauara is most similar to that of Cariboptila and
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Canoptila, with apical forks I-III and a lack of 3A (Fig. 2A, B).  A single species also

possesses apical fork IV (Fig. 2C).  Canoptila can be differentiated from Itauara by

having stout setae occurring below Cu2 whereas in Itauara the setae occur along the

vein.  Cariboptila can be differentiated from Itauara by the presence of a short discoidal

cell, that of Itauara being long.  The length of the apical forks very among species.  The

hind wing venation of Itauara is variable, with either with apical forks II, III, and V (Fig.

3C); II and V (Fig. 3A); III only, or II only (Fig. 3B).

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi yellowish brown (Fig. 1).  Wings often with

partial white transverse line along anastomosis not reaching costal margin, or often with

conspicuous white spot at the arculus (Fig. 1).  Head broader than long, vertex rounded,

with pair of small anteromesal setal warts or with large anteromesal setal wart, either 1

distinct pair or 1 divided pair of suboval anterior setal warts, small or large suboval

posterior warts, suboval or triangular and bulging posterolateral setal warts.  Ocelli

present.  Antennal scape less than or equal to 2 times the length of pedicel.  Maxillary

palps 5 segmented, 1st and 2nd segments short; 2nd segment bulbous; last 3 segments

each nearly same length as 1st and 2nd segments combined.  Prothorax with 2 large

subtriangular or suboval pronotal setal warts.  Mesothorax wider than long, without

apparent tegular glands; mesoscutum with pair of suboval anteromesal setal warts,

suboval posterolateral warts; mesoscutellum sparsely setose, without distinct setal warts.

Forewing (Fig. 2) usually relatively narrow, with margins nearly parallel, occasionally

narrowed past anastomosis or much reduced, apex acute, subacute, or rounded.  Male

occasionally with callosity present in apical costal region of forewing.  Forewing
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venation incomplete, with apical forks I, II, and III present, or rarely I-IV present; Sc and

R1 distinct along their entire lengths; fork I sessile or only slightly petiolate with

extremely short stem; fork II petiolate or sessile, when petiolate, stem length variable;

fork III petiolate, stem variable in length; Cu1 complete, reaching wing margin; Cu1 and

Cu2 intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing (Fig. 3) margins nearly parallel, tapering only slightly past anastomosis, or

narrowed, scalloped past anastomosis, or much reduced; venation variable, either with

apical forks II, III, and V present, II and V present, III present, or II present; Sc and R1

fused basally or converging near wing margin; A2 absent.  Tibial spurs 1,4,4, rarely

1,3,4, foretibial spur extremely reduced and hairlike.  Sixth sternal process present, short

and digitate or thumb-like and prominent, apex rounded or attenuate and pointed, usually

associated with oblique apodeme posteriorly.

Male genitalia.  Segment IX usually rather broad, anterior margin rounded,

posterolateral margin without lateral process or lobes; tergum IX usually not well

developed, simple, and without processes; sternum IX without modification, except in I.

brasiliana, which bears 2 pairs of elongate, seta-like processes.  Tergum X incompletely

fused to tergum IX ventrolaterally or rarely (I.  amazonica) completely fused and

indistinct from tergum IX, shape extremely variable; dorsomesal margin may be simple

without processes, bifid apicomesally, with a single broad, plate-like process, or irregular

with several small processes; dorsolateral margin either a simple structure without

processes, or more commonly with small paired lobes, elongate, down-turned, finger-like

process, or irregular setose processes; ventrolateral margin with paired elongate or broad
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flange-like processes directed ventrally and sometimes anteriorly, or with one or more

irregular, paired, setose, digitate lobes directed posteriorly.  Inferior appendages either

present or absent; when present, consisting of single or apically bifid process produced

mesally, broadest at base and fused to phallobase ventrobasally.  Parameres present

except in I. brasiliana, arising either ventrobasally from phallobase or laterally from

endotheca, sclerotized, shape variable.  Phallobase extremely reduced and difficult to

discern.  Phallicata a sclerotized dorsal sheath covering membranous ventral portion,

sometimes receding to a single dorsomesal process arising dorsobasally from phallobase,

phallicata occasionally with dorsolateral flange, or occasionally with dorsomesal spine

arising posteriorly to phallobase.  Endophallus highly membranous, enlarged and

convoluted when evaginated, occasionally bearing apical spine-like sclerites and

processes.

Female genitalia.  (Females unknown for many species.)  Truncate posteriorly, not

extensible.  Abdominal segment VIII short, synscleritous, posterolateral margin slightly

incised.  Segments IX and X closely associated, with pair of small digitate cerci

dorsolaterally.

Species relationships

The 22 species of Itauara fall into 2 broad species groups (Table 1). Members of the

amazonica species group are recognized by the presence of a fused inferior appendage

process.  The group is also characterized by the position of the parameres, arising

laterally from the endotheca in this group.  Species included in the brasiliana species



228

group have completely lost the inferior appendages.  When parameres are present (they

are vestigial in I. brasiliana) they arise ventrobasally from the phallobase, to which they

are often fused.  Several members of the brasiliana group also have lateral flange-like

processes on the phallicata.

Table 1. Itauara species groups (Trichoptera: Glossosomatidae: Protoptilinae).

amazonica species group
Itauara alexanderi, new species
Itauara amazonica (Flint 1974)
Itauara bidentata, new species
Itauara emilia, new species
Itauara guianensis, new species
Itauara jamesii, new species
Itauara lucinda, new species
Itauara ovis, new species
Itauara peruensis, new species
Itauara spiralis, new species
Itauara stella, new species
Itauara unidentata, new species

brasiliana species group
Itauara blahniki, new species
Itauara brasiliana (Mosely 1954)
Itauara charlotta, new species
Itauara flinti, new species
Itauara guarani (Angrisano 1993)
Itauara julia, new species
Itauara plaumanni (Flint 1974)
Itauara rodmani, new species
Itauara simplex, new species
Itauara tusci, new species
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Species descriptions

Itauara alexanderi, new species

Fig. 4A-C

This species is similar to Itauara emilia, n. sp., I. lucinda, n. sp., and I. stella, n. sp., as

discussed under each of those species.  Each of these species possess an inferior

appendage process, a dorsomesal process on tergum X, and rather sinuous parameres.  Of

these species, I. alexanderi is most similar to I. stella.  Both of these species have

similarly shaped dorsomesal and ventrolateral processes of tergum X and both have

apically bifid inferior appendage processes.  Itauara alexanderi can be distinguished

from I. stella by the length of the parameres, those of I. alexanderi being much shorter.

Additionally, the inferior appendage process of I. alexanderi is broader than that of I.

stella.  Itauara lucinda  differs from I. alexanderi in having a forked paramere and an

inferior appendage process that is not bifid.  Itauara alexanderi can be distinguished from

I. emilia based on differences in the shape of the dorsomesal process of tergum X.

Adult.  Body, wings, and appendages fuscous, intermingled with rufous or golden

hairs, tibia and tarsi tawny brown. Wings with white transverse line along anastomosis.

Forewing slightly broader past anastomosis, but with margins nearly parallel, apex

rounded. Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1

distinct along their entire lengths; fork I sessile; fork II petiolate, stem about the same

length as fork; fork III petiolate, stem longer than fork; Cu1 complete, reaching wing

margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present along
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Cu2; A3 absent; crossveins forming a relatively linear transverse cord; discoidal cell

longer than Rs vein. Hind wing margins nearly parallel, tapering only slightly past

anastomosis; apical forks II and V present; Sc and R1 fused basally; A2 absent. Tibial

spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process thumb-

like, apex rounded, associated with oblique apodeme posteriorly.

Male genitalia. Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin with

single, downturned, elongate process; dorsolateral margin without processes;

ventrolateral margin with paired, broad flange-like setose process consisting of upper

subtriangular lobe and lower subquadrate lobe. Inferior appendages present as apically

bifid, setose process produced mesally, broadest at base and fused to phallobase

ventrobasally, with 2 pairs of small digitate lobes ventrolaterally, each bearing a seta.

Parameres present, paired, inserted in membranous lobe, arising laterally from endotheca,

sclerotized and rod-like, relatively short, sinuous, directed ventrolaterally, apex pointed.

Phallobase reduced, lightly sclerotized. Phallicata forming a long sclerotized dorsal

sheath extending from phallobase, narrow and straight mesally, distal portion broad,

curving dorsally. Endophallus membranous, enlarged and convoluted when invaginated,

with 1 upper and 1 lower lobe.
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Material examined

Holotype male: BRAZIL: Nova Friburgo, 22°16'00"S, 042°31'59"W, 950 m,

20.iv.1977 (C. & O. Flint) (UMSP000052592) (NMNH)

Paratypes: BRAZIL: Rio de Janeiro, Teresopolis, 18 km S, Km 17 (road), 1180

m, 18-19.iv.1977 (C. & O. Flint) — 2 males (NMNH).

Etymology

I am delighted to name this species for my husband, Alexander Bishop

Thompson, in gratitude of his patience, support, and encouragement as I worked to finish

my dissertation.

Itauara amazonica (Flint 1971)

Fig. 5A-D

amazonica (Flint), 1971:13 [Type locality: Brazil [Edo. Amazonas], Rio Marauiá,

Endstation langer Cachoeira, Fluß tritt hier aus dem Gebirge mit starkem Gefálle;

NMNH; in Antoptila]. –Flint, Holzenthal, and Harris, 1999:74 [to Itauara].

This species is distinct in having a very elongate inferior appendage process, a rather

simple tergum X, and sharply bent apical spines in the endophallus.  Itauara amazonica

is most similar to 3 species from Guyana, I. bidentata, n. sp., I. spiralis, n. sp., and I.

unidentata, n. sp.  These species, including I. amazonica, all have a dorsomesal spine

arising from the phallicata.  However, in I. amazonica, this spine appears as a short,
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posterior extension of the phallicata, whereas in the other species, the spine arises basally,

as a separate spine.  I. amazonica can further be distinguished from these species based

on  differences in the shape of tergum X and parameres.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

relatively narrow, with margins nearly parallel, apex subacute. Forewing venation

incomplete, with apical forks I, II, and III present; Sc and R1 distinct along their entire

lengths; fork I sessile; fork II petiolate, stem shorter than fork; fork III petiolate, stem

longer than fork; Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near

anastomosis; row of erect setae present along Cu2; A3 absent; crossveins forming a

relatively linear transverse cord; discoidal cell longer than Rs vein. Hind wing narrow

and slightly scalloped past anastomosis; apical fork III present; Sc and R1 fused basally;

A2 absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal

process short and digitate, apex attenuate and pointed, associated with weak oblique

apodeme posteriorly.

Male genitalia. Preanal appendages absent. Segment IX relatively broad; anterior

margin rounded; posterolateral margin membranous or very lightly sclerotized; sternum

IX without modification. Tergum X completely fused to tergum IX, divided or bifid

apicomesally, each half terminating in pointed process directed posteriorly; dorsolateral

margin without processes; ventrolateral margin without processes. Inferior appendages

present as single, elongate setose process produced mesally, broadest at base and fused to

phallobase ventrobasally. Parameres present, paired, inserted in membranous lobe,

arising laterally from endotheca, sclerotized and rod-like, slender and elongate, upturned,

directed dorsally, apex pointed. Phallobase reduced, lightly sclerotized. Phallicata
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forming a long sclerotized dorsal sheath extending from phallobase, bent sharply upward

at middle, divided apicomesally, terminating in 2 pointed processes. Endophallus

membranous, enlarged and convoluted when invaginated, receding anterior to apex of

phallicata, ventrally bearing a pair of broad, tooth-like downturned processes, apically

with pair of sharply bent sclerotized spines, pointing anteriorly.

Material examined

Holotype male: BRAZIL: Amazonas: Rio Marauia, Endstation langer

Cachoeira, Fluß tritt hier aus dem Gebirge mit starkem Gefälle, 00°23'00"N,

065°13'00"W, 28.i.1963 (E.J. Fittkau) (UMSP000027159) (NMNH).

Paratypes: BRAZIL: Amazonas: same data as holotype — 3 males, 2 females

(NMNH).

Itauara bidentata, new species

Fig. 6A-C

Itauara bidentata can be diagnosed by its large, bifid paramere process, and spade-like

shaped inferior appendage.  It is most similar to I. unidentata, n. sp., which has a

similarly shaped tergum X, dorsomesal spine, and apical sclerites.  The 2 species can be

separated by their paramere processes; in I. unidentata the paramere consists of a single

large tooth-like spine, whereas in I. bidentata, the paramere process is bifid.   Itauara

spiralis, n. sp., has a similarly shaped tergum X, but is easily distinguished from I.

bidentata by differences in the shape of the inferior appendage process, parameres, and
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phallicata.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

relatively narrow, with margins nearly parallel, apex subacute. Forewing venation

incomplete, with apical forks I, II, and III present; fork I sessile; fork II petiolate, stem

about the same length as fork; fork III petiolate, stem longer than fork; Cu1 complete,

reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae

present along Cu2; A3 absent; crossveins forming a relatively linear transverse cord;

discoidal cell longer than Rs vein. Hind wing narrow and slightly scalloped past

anastomosis; apical fork II present; Sc and R1 fused basally; A2 absent. Tibial spurs

1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process short and

digitate, apex attenuate and pointed, associated with strong oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin straight,

without processes; dorsolateral margin with paired elongate, down-turned, finger-like

process; ventrolateral margin with paired, broad flange-like setose process consisting of

several small irregular lobes. Inferior appendages present as single, broad, irregular

setose process, broadest basally, fused to phallobase ventrobasally, bearing a single pair

of small digitate lobes ventrolaterally, each bearing a seta. Parameres present, paired,

arising laterally from endotheca, strongly sclerotized, large bifid tooth-like process,

curving ventrally and outward, apices pointed. Phallobase reduced, lightly sclerotized

dorsally, laterally membranous, with 2 irregular and elongate sclerites arising
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basolaterally. Phallicata forming a short slerotized dorsal sheath with an elongate

dorsomesal spine arising posteriorly to phallobase. Endophallus membranous, enlarged

and convoluted when invaginated, apically bearing 3 small sclerotized spines.

Material examined

Holotype male: GUYANA: KUMU: 25 km. SE Lethem, 03°15'54"N,

059°43'36"W, 4-5.iv.1994 (O.S. Flint) (UMSP000210958) (NMNH)

Paratypes: GUYANA: KUMU: same data as holotype — 1 male, 3 females.

Etymology

The name bidentata comes from the bidentate form of the paramere process.

Itauara blahniki, new species

Fig. 7A-C

Itauara blahniki can be recognized by the shape of the phallicata, which has a pair of

very short spines dorsobasally, and a sclerotized lobe ventrobasally.  The ventrolateral

process of tergum X is also distinct, consisting of a an outwardly projecting flange-like

setose process, and an inner, small digitate setose process.  Itauara blahniki has elongate,

tusk-like parameres.  Itauara rodmani, n. sp., and I. tusci, n. sp., also have tusk-like

parameres, but unlike I. blahniki, these species have flange-like lateral processes on the

phallicata.  The species also have differently shaped terga X.
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Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi tawny brown.  Wings with conspicuous white

spot at the arculus. Forewing slightly broader past anastomosis, but with margins nearly

parallel, apex rounded. Forewing venation incomplete, with apical forks I, II, and III

present; Sc and R1 distinct along their entire lengths; fork I sessile; fork II sessile; fork III

petiolate, stem about the same length as fork; Cu1 complete, reaching wing margin; Cu1

and Cu2 intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing margins nearly parallel, tapering only slightly past anastomosis; apical forks

II, III, and V present; Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike. Sixth sternal process thumb-like, apex rounded,

associated with oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally and

ventrally narrow, broad medially; anterior margin rounded; posterolateral margin

membranous or very lightly sclerotized; sternum IX without modification. Tergum X

incompletely fused to tergum IX with membrane or lightly sclerotized region

ventrolaterally; dorsomesal margin with single, downturned, elongate process;

dorsolateral margin irregular and setose; ventrolateral margin with paired, outwardly

projecting flange-like setose process, and medially with paired digitate setose process.

Parameres present, paired, arising ventrobasally from fused endotheca and phallobase,

sclerotized and rod-like, slender and elongate, upturned, with distal portion slightly

broader, directed dorsally, apex pointed, ventrobasally with small patch of setae.

Phallobase reduced, mostly membranous, ventromesally bearing pair of small sclerotized
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spines. Phallicata forming a long sclerotized dorsal sheath, curving upward, dorsobasally

with pair of short processes, ventrally, with lightly sclerotized lobe. Endophallus

membranous, enlarged and convoluted when invaginated, with lightly sclerotized lobe

ventrally.

Material examined

Holotype male: BRAZIL: Sao Paulo: Estação Biológica Boraceia, Rio

Guaratuba, 23°40'02"S, 045°53'46"W, 775 m, 17.ix.2002 (Blahnik, Prather, Melo,

Froehlich, Silva) (UMSP000087057) (MZUSP).

Paratypes: BRAZIL: Sao Paulo: same data as holotype — 1 female (UMSP);

same data as holotype except 17.iv.1998 (Holzenthal, Melo, Froehlich) — 1 male

(UMSP).

Etymology

I am pleased to name this species for Dr. Roger Blahnik, in honor of his many

contributions to the systematics of Protoptilinae.

Itauara brasiliana (Mosely 1939)

Fig. 2A, 3A, 8A-C

brasiliana (Mosely), 1939: 220 [Type locality: Brazil, Santa Catarina, Nova Teutonia;

BMNH] in Antoptila]. –Angrisano, 1993: 59 [larva, pupa, case, distribution] 1997:58

[distribution] – Flint, Holzenthal, and Harris, 1999:74 [to Itauara].
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This species is easily diagnosed by the presence of 2 pairs of extremely elongate, seta-

like processes on sternum IX.  Itauara brasiliana is also distinct in having vestigial

parameres, consisting only of very small, setose lobes.  Another distinguishing

characteristic is the shape of segment IX, which is rather narrow, and receded ventrally.

The rather elongate profile of tergum X, as well as the shape of the dorsomesal and

lateral margins of tergum X, slightly resembles that of I. plaumanni (Flint 1974).

However, I. plaumanni has much more pronounced, elongate parameres, and lacks the

seta-like processes on sternum IX.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

slightly broader past anastomosis, but with margins nearly parallel, apex rounded.

Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct

along their entire lengths; fork I sessile; fork II petiolate, stem shorter than fork; fork III

petiolate, stem about the same length as fork; Cu1 complete, reaching wing margin; Cu1

and Cu2 intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing margins nearly parallel, tapering only slightly past anastomosis; apical forks II

and V present; Sc and R1 converging near wing margin; A2 absent. Tibial spurs 1,4,4,

foretibial spur extremely reduced and hairlike. Sixth sternal process thumb-like, apex

rounded, associated with oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX ventrally

narrow, broad medially; anterior margin relatively straight from dorsum to medial area,

ventral portion rounded; posterolateral margin highly membranous, receding ventrally;
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sternum IX bearing 2 pairs of extremely elongate, seta-like processes. Tergum X

incompletely fused to tergum IX with membrane or lightly sclerotized region

ventrolaterally; dorsomesal margin subtriangular, slightly upturned; dorsolateral margin

slightly irregular, without processes; ventrolateral margin with 2 pairs of processes, the

upper an elongate finger-like process slightly downturned, the lower a smaller lobe-like

setose process. Parameres vestigial, consisting of a pair of small, digitate setose lobes

arising ventrolaterally from endotheca. Phallobase apparently absent or entirely

membranous. Phallicata forming a long, lightly sclerotized dorsal sheath, sinuous,

broadest medially, narrowed distally. Endophallus membranous, enlarged and convoluted

when invaginated.

Material examined

Holotype male: BRAZIL: Santa Catarina: Nova Teutonia, ii. 1937 (F.

Plaumann) (BMNH)

Additional material examined: ARGENTINA: Misiones: Arroyo Piray Mini, W.,

Dos Hermanas, 23.11.1973 (O.S. Flint) — 5 males, 14 females (NMNH); BRAZIL:

Santa Catarina: Seara (Nova Teutônia), 27°11'00"S, 052°23'00"W, 300-500 m, 10.1964

(F. Plaumann) — 1 male (NMNH).

Itauara charlotta, new species

Fig. 9A-C

This species is only known from the male holotype.  Itauara charlotta is diagnosed by
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the unique combination of several male genitalic characters.  The dorsomesal margin of

tergum X has several small, irregular, setose processes.  Itauara tusci, n. sp., has a

similarly shaped dorsomesal margin, but differs in the shape of the parameres and

phallicata.  The parameres of I. charlotta are similar to those of I. flinti, n. sp.; both arise

ventrobasally from the phallobase, and are curved and downturned.  Itauara flinti is

easily separated from I. charlotta based on differences in the shape of tergum X and

phallicata processes.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Wings with

conspicuous white spot at the arculus and faint transverse line along anastomosis.

Forewing slightly broader past anastomosis, but with margins nearly parallel, apex

rounded. Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1

distinct along their entire lengths; fork I sessile; fork II petiolate, stem shorter than fork;

fork III petiolate, stem longer than fork; Cu1 complete, reaching wing margin; Cu1 and

Cu2 intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing margins nearly parallel, tapering only slightly past anastomosis; apical forks

II, III, and V present; Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike. Sixth sternal process thumb-like, apex rounded,

often associated with weak oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX ventrally

narrow, broad medially; anterior margin rounded; posterolateral margin membranous or

very lightly sclerotized; sternum IX without modification. Tergum X incompletely fused

to tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal
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margin slightly produced with several small irregular setose processes; dorsolateral

margin with pair of large irregular, setose process and several smaller processes;

ventrolateral margin without processes. Parameres present, paired, arising ventrobasally

from fused endotheca and phallobase, sclerotized and rod-like, slender and elongate,

slightly downturned, curved basally, straight medially and distally, directed posteriorly,

apex pointed. Phallobase reduced, lightly sclerotized. Phallicata forming a long, lightly

sclerotized dorsal sheath, slightly sinuous, medially with pair of slender lateral flanges

projecting posteroventrally, apices pointed. Endophallus membranous, enlarged and

convoluted when evaginated, with pointed apical sclerite.

Material examined

Holotype male: BRAZIL: Minas Gerais: Serra do Cipó, Cardeal Mota,

Cachoeira Veu da Noiva, 19°18'55"S, 043°36'16"W, 800 m, 12.11.2001 (Holzenthal,

Amar., Blahnik, Paprocki) (UMSP000086390) (MZUSP).

Etymology

I am delighted to name this species for my mother, Charlotte Ruth Robertson.

Itauara emilia, new species

Fig. 10A-C

This species is known only from the male holotype.  Itauara emilia can be recognized by

the distinct, rather blunt shape of the dorsomesal process of tergum X.  The species is
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similar to I. alexanderi, n. sp., I. lucinda, n. sp., and I. stella, n. sp., as discussed under

each of those species.  Each of these species possess an inferior appendage process, a

dorsomesal process on tergum X, and rather sinuous parameres.  Itauara emilia is most

similar to I. alexanderi and I. stella in having similarly shaped parameres and an apically

bifid inferior appendage process.  Itauara emilia differs from these 2 species in having a

much more elongate inferior appendage process and a blunt dorsomesal process on

tergum X.

Adult.  Body, wings, and appendages tawny brown (specimen missing hairs).

Forewing slightly broader past anastomosis, but with margins nearly parallel, apex

rounded. Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1

distinct along their entire lengths; fork I sessile; fork II petiolate, stem about the same

length as fork; fork III petiolate, stem longer than fork; Cu1 complete, reaching wing

margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present along

Cu2; A3 absent; crossveins forming a relatively linear transverse cord; discoidal cell

longer than Rs vein. Hind wing margins nearly parallel, tapering only slightly past

anastomosis; apical forks II and V present; Sc and R1 fused basally; A2 absent. Tibial

spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process thumb-

like, apex rounded, associated with oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin with

large, blunt, dorsomesal process, in dorsal view, elongate, in lateral view, subtriangular;
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dorsolateral margin without processes; ventrolateral margin with paired, broad flange-like

setose process consisting of small upper lobe and larger subtriangular lower lobe. Inferior

appendages present as apically bifid, setose process produced mesally, broadest at base

and fused to phallobase ventrobasally, with 2 pairs of small digitate lobes ventrolaterally,

each bearing a seta. Parameres present, paired, inserted in membranous lobe, arising

laterally from endotheca, sclerotized and rod-like, long, sinuous, directed inward and

posteriorly, apex pointed. Phallobase reduced, lightly sclerotized. Phallicata forming a

long sclerotized dorsal sheath extending from phallobase, straight, broadest basally, distal

portion narrow. Endophallus membranous, enlarged and convoluted when invaginated,

with 1 upper and 1 lower lobe.

Material examined

Holotype male: BRAZIL: Sao Paulo: Estação Biológica Boraceia, Rio Coruja,

23°40'06"S, 045°53'57"W, 850 m, 18.iv.1998 (Holzenthal, Melo, Froehlich)

(UMSP000029788) (MZUSP).

Etymology

This species is named in loving memory of my paternal grandmother, Grace

Emily Gardner Robertson.
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Itauara flinti, new species

Fig. 11A-C

This species is known only from the male holotype.  It is diagnosed by a unique

combination of male genitalic characters and can be recognized by the shape of the

phallicata process.  Itauara flinti is most similar to I. charlotta, n. sp., by having similarly

shaped parameres, but these species are easily separated based on differences in the shape

of tergum X and the phallicata process. The elongate and downturned dorsomesal process

of tergum X is similar to that of I. guarani (Angrisano 1993), but the 2 species differ in

the shape of the parameres and phallicata processes.  The ventrolateral process of tergum

X is similar to that of I. tusci, n. sp.  These species differ in the shape of the parameres,

dorsomesal margins of tergum X, and phallicata processes.
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Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

relatively narrow, with margins nearly parallel, apex subacute. Forewing venation

incomplete, with apical forks I, II, and III present; Sc and R1 distinct along their entire

lengths; fork I petiolate, but with extremely short stem; fork II petiolate, stem about the

same length as fork; fork III petiolate, stem longer than fork; Cu1 complete, reaching

wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present

along Cu2; A3 absent; crossveins forming a relatively linear transverse cord; discoidal

cell longer than Rs vein. Hind wing narrow and slightly scalloped past anastomosis;

apical forks II and V present; Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4,

foretibial spur extremely reduced and hairlike. Sixth sternal process thumb-like, apex

rounded, associated with weak oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally

narrow, broad ventrally; anterior margin rounded; posterolateral margin lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin with

single, downturned, elongate process; dorsolateral margin irregular and setose;

ventrolateral margin with 2 pairs of processes, the upper a small lobe-like setose process,

the lower an elongate finger-like process bearing a few elongate setae. Parameres present,

paired, arising ventrobasally from fused endotheca and phallobase, sclerotized and rod-

like, slender and elongate, downturned, curved basally, straight medially and distally,

directed ventrally and inward, apex pointed. Phallobase reduced, lightly sclerotized.

Phallicata forming a long, lightly sclerotized dorsal sheath, slightly sinuous, medially

with pair of lightly sclerotized rounded lateral flanges projecting posteroventrally,
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ventrally with several sclerotized points, thorn-like apices directed inward. Endophallus

membranous, enlarged and convoluted when invaginated, with 1 large upper lobe and 1

smaller lower lobe.

Material examined

Holotype male: BRAZIL: Sao Paulo: Parque Estadual de Campos do Jordão,

Rio Galharada, 22°41'40"S, 045°27'47"W, 1530 m, 13-15.ix.2002 (Blahnik, Prather,

Melo, Huamantinco) (UMSP000086388) (MZUSP).

Etymology

I am pleased to name this species for Dr. Oliver Flint, Jr. in honor of his

numerous contributions to Neotropical caddisfly taxonomy.

Itauara guarani (Angrisano 1993)

Fig. 12A-D

guarani (Angrisano), 1993: 57 [Type locality: Argentina, Misiones, Dpt. Belgrano, Río

Urugua-í; MACN; in Antoptila] – Flint, Holzenthal, and Harris, 1999:74 [to Itauara].

This species can be recognized by the very broad, lateral flanges on the phallicata.  The

phallicata of I. guarani is slightly sinuous, with a lightly sclerotized basal portion and a

rugous or almost membranous distal portion.  Itauara simplex, n. sp., also has a very

lightly sclerotized phallicata, but the 2 species differ in the shape of the parameres and I.
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simplex lacks the processes of phallicata. The parameres of I. guarani arise ventrobasally

from the phallobase and are sinuous, like those in I. plaumanni.  However, the phallicata

in I. plaumanni is much more sclerotized and the 2 species also differ in the shape of

tergum X and the phallicata processes.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

slightly broader past anastomosis, but with margins nearly parallel, apex rounded.

Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct

along their entire lengths; fork I petiolate, but with extremely short stem; fork II petiolate,

stem shorter than fork; fork III petiolate, stem longer than fork; Cu1 incomplete, not

reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae

present along Cu2; A3 absent; crossveins forming a relatively linear transverse cord;

discoidal cell longer than Rs vein. Hind wing margins nearly parallel, tapering only

slightly past anastomosis; apical forks II and III present; Sc and R1 fused basally; A2

absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal

process short and digitate, apex rounded, associated with weak oblique apodeme

posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally

narrow, broad ventrally; anterior margin rounded; posterolateral margin membranous or

very lightly sclerotized; sternum IX without modification. Tergum X incompletely fused

to tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal

margin with single, downturned, elongate process; dorsolateral margin irregular and

setose; ventrolateral margin with paired subtriangular setose process directed posteriorly.

Parameres present, paired, arising ventrobasally and fused to phallobase, sclerotized and
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rod-like, slender and elongate, sinuous, strongly downturned basally, distal portion

slightly upturned and broader, directed posteriorly, apex pointed. Phallobase reduced,

lightly sclerotized. Phallicata sinuous, with lightly sclerotized base, distal portion

membranous, with pair of broad, sclerotized wing-like lateral flanges. Endophallus

membranous, enlarged and convoluted when invaginated, with 3 upper lobes and 1 large

lower lobe.

Material examined

Holotype male: ARGENTINA: Misiones: Departmento Belgrano,  Rio Urugua-

í (Releveamiento Faunístico Urugua-í [segundo campaña]) (UMSP000211316) (MACN).

Allotype female: ARGENTINA: Misiones: same data as holotype (MACN).

Paratypes: ARGENTINA: Misiones: same data as holotype – 3 males, 2

females (MACN).

The genitalia of the holotype and allotype were reported missing (E. Angrisano, personal

communication).

Itauara guianensis, new species

Fig. 2B, 3B, 13A-C

Itauara guianensis has distinct extremely sinuous, almost corkscrew-shaped, parameres.

The phallicata is short, sclerotized, and upturned apically and with 2 pointed lateral

processes.  The species can also be recognized by the thumb-like shape of the inferior
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appendage process and the presence of a bifid apical process in the endophallus. I.

guianensis is somewhat similar to I. jamesii, n. sp., and resembles that species in the

shape of the inferior appendage process and sinuous parameres.  The 2 species can be

easily separated by differences in the shape of tergum X and the phallicata.  The species

I. alexanderi, n. sp., I. emilia, n. sp., and I. stella, n. sp., also have rather sinuous

parameres, but differ in the shape of the phallicata, tergum X, and several other

characters.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

narrow past anastomosis, apex acute. Forewing venation incomplete, with apical forks I,

II, and III present; Sc and R1 distinct along their entire lengths; fork I sessile; fork II

petiolate, stem about the same length as fork; fork III petiolate, stem longer than fork;

Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of

erect setae present along Cu2; A3 absent; crossveins forming a relatively linear transverse

cord; discoidal cell longer than Rs vein. Hind wing narrow and slightly scalloped past

anastomosis; apical fork II present; Sc and R1 fused basally; A2 absent. Tibial spurs

1,3,4, foretibial spur extremely reduced and hairlike. Sixth sternal process short and

digitate, apex attenuate and pointed, associated with strong oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX dorsally narrow, broad

medially and ventrally; anterior margin rounded; posterolateral margin membranous or

very lightly sclerotized; sternum IX without modification. Tergum X incompletely fused

to tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal

margin with single, downturned, elongate process; dorsolateral margin with paired small,

down-turned, finger-like process; ventrolateral margin with an outer pair of subquadrate
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setose processes directed posteriorly, and an inner pair of subtriangular processes directed

posteroventrally. Inferior appendages present as single thumb-like setose process,

broadest at base and fused to phallobase ventrobasally. Parameres present, paired,

inserted in membranous lobe, arising laterally from endotheca, sclerotized and rod-like,

extremely sinuous, corkscrew-shaped, apex pointed. Phallobase reduced, lightly

sclerotized with phallic shield. Phallicata forming a rather short sclerotized dorsal sheath

extending from phallobase, straight basally and medially, bent sharply upward, medially

with pair of lightly slerotized lateral flanges with pointed apices projecting posteriorly.

Endophallus membranous, apically with sclerotized bifid process.

Material examined

Holotype male: GUYANA: Dubulay Ranch: Warniabo Cr., 05°39'48"N,

057°53'24"E, 14-19.iv.1995 (O.S. Flint) (UMSP000210959) (NMNH).

Paratypes: GUYANA: Dubulay Ranch: Aramatani Cr., 05°39'24"N,

057°55'30"W, 15-18.iv.1995 (O.S. Flint) — 2 males, 2 females (NMNH).

Etymology

This species is named for the country of Guyana, where the specimens were

collected.
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Itauara jamesii, new species

Fig. 14A-C

Itauara jamesii is known only from the male holotype, and its relationship to other

species in not immediately evident.  The parameres have a rather asymmetrical aspect,

but it is possible that this particular specimen is distorted.  The species has an inferior

appendage process like several other species, but has a distinct subtriangular shape.  The

dorsomesal margin of tergum X is bifid, each half a small setose protuberance.  Itauara

peruensis, n. sp., also has a bifid dorsomesal margin, but in that species, it appears as a

prominent process with pointed apices.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi tawny brown. Wings with conspicuous white

spot at the arculus and faint transverse line along anastomosis. Forewing slightly broader

past anastomosis, but with margins nearly parallel, apex subacute. Forewing venation

incomplete, with apical forks I, II, and III present; Sc and R1 distinct along their entire

lengths; fork I sessile; fork II petiolate, stem shorter than fork; fork III petiolate, stem

longer than fork; Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near

anastomosis; row of erect setae present along Cu2; A3 absent; crossveins forming a

relatively linear transverse cord; discoidal cell longer than Rs vein. Hind wing margins

nearly parallel, tapering only slightly past anastomosis; apical forks II and V present; Sc

and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and

hairlike. Sixth sternal process thumb-like, apex rounded, associated with weak oblique

apodeme posteriorly.
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Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally and

ventrally narrow, broad medially; anterior margin rounded; posterolateral margin

membranous or very lightly sclerotized; sternum IX without modification. Tergum X

incompletely fused to tergum IX with membrane or lightly sclerotized region

ventrolaterally; dorsomesal margin bifid and slightly produced, each half small, setose,

with a rounded apex; dorsolateral margin without processes; ventrolateral margin with

paired, broad, semi-circular setose flange-like process. Inferior appendages present as

single, broad, subtriangular setose process, fused to phallobase ventrobasally, bearing

small digitate lobes ventrolaterally, each bearing a seta. Parameres present, paired,

inserted in membranous lobe, arising laterally from endotheca, sclerotized and rod-like,

extremely sinuous, seemingly asymmetrical, apex pointed. Phallobase reduced, lightly

sclerotized with phallic shield. Phallicata forming a long sclerotized dorsal sheath

extending from phallobase, broadest basally, bent upward at middle, with paired

sclerotized concave discs arising basodorsally and forming a connection with posterior

margin of segment IX. Endophallus membranous, enlarged and convoluted when

invaginated.

Material examined

Holotype male: BRAZIL: Minas Gerais: trib. to Rio do Salto, Ibitipoca,

Fazenda Engenho, 21°44'06"S, 043°53'56"W, 875, 11-14.iii.2002 (Holzenthal, Blahnik,

Paprocki, Prather) (UMSP000087916) (MZUSP).
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Etymology

I am delighted to name this species for my father, James Gardner Robertson.

Itauara julia, new species

Fig. 1, 3C,15A-C

This species is distinct in having a curved, spatulate ventral process in the endophallus

and having a phallicata that is not continuous with the phallobase.  The parameres of I.

julia are strongly bent dorsally at the base, and terminate in a sharp, downturned point.

The parameres curve upward, are fused to and continuous with the phallobase, and arise

ventrobasally.  The parameres of I. blahniki, n. sp., I. rodmani, n. sp., and I. tusci, n. sp.,

are similarly structured.  However, in these species, the parameres are not as abruptly

bent.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi tawny brown. Wings with conspicuous white

spot at the arculus. Forewing slightly broader past anastomosis, but with margins nearly

parallel, apex rounded. With apical forks I, II, and III present; Sc and R1 distinct along

their entire lengths; fork I sessile; fork II sessile; fork III petiolate, stem shorter than fork;

Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of

erect setae present along Cu2; A3 absent; crossveins forming a relatively linear transverse

cord; discoidal cell longer than Rs vein. Hind wing margins nearly parallel, tapering only

slightly past anastomosis; apical forks II, III, and V present; Sc and R1 converging near

wing margin; A2 absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and
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hairlike. Sixth sternal process thumb-like, apex attenuate and pointed, associated with

weak oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally

narrow, broad ventrally; anterior margin relatively straight from dorsum to medial area,

ventral portion blunt; posterolateral margin membranous or very lightly sclerotized;

sternum IX without modification. Tergum X incompletely fused to tergum IX with

membrane or lightly sclerotized region ventrolaterally; dorsomesal margin straight,

without processes; dorsolateral margin with several small irregular setose processes;

ventrolateral margin with paired subquadrate setose process projecting ventrally.

Parameres present, paired, arising ventrobasally and fused to phallobase, sclerotized and

rod-like, slender and elongate, strongly bent upward basally, apex pointed and

downturned, ventrobasally with a small patch of setae. Phallobase reduced, lightly

sclerotized. Phallicata forming a long sclerotized dorsal sheath, mostly straight, broadest

basally, apex with apicomesal point and 2 lateral downturned points. Endophallus

membranous, enlarged and convoluted when invaginated, ventrally with a curved

spatulate process.

Material examined

Holotype male: BRAZIL: Rio de Janeiro: Parque Nacional do Itatiaia, Rio

Campo Belo, trail to Veu da Noiva, 22°25'42"S, 044°37'10"W, 1310 m, 5.iii.2002

(Holzenthal, Blahnik, Paprocki, Prather) (UMSP000069560) (MZUSP).

Paratypes: BRAZIL: Rio de Janeiro: Parque Nacional do Itatiaia, same data as

holotype — 9 males, 5 females (UMSP); same, 24.ix.2001 (Holzenthal, Blahnik, Neto,
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Paprocki) — 17 males, 8 females (UMSP); Rio Taquaral, 22°27'15"S, 044°36'34"W,

1300 m, 22-23.ix.2001 (Holzenthal & Blahnik) — 20 males; Rio Campo Belo,

22°27'02"S, 044°36'49"W, 1300 m, 23.ix.2001 (Holzenthal, Blahnik, Neto, Paprocki) —

28 males, 17 females (NMNH, UMSP); 7.iii.2002 (Holzenthal, Blahnik, Paprocki,

Prather) —24 males, 46 females (MZUSP, UMSP).

Etymology

I am pleased to name this species for Julie Martinez, who rendered the beautiful

color plate of this species.

Itauara lucinda, new species

Fig. 16A-C

This species is similar to Itauara alexanderi, n. sp., I. emilia, n. sp., and I. stella, n. sp., as

discussed under each of those species.  Each of these species possess an inferior

appendage process, a dorsomesal process on tergum X, and rather sinuous parameres.

Among these species, I. lucinda is distinct in having forked parameres and a non-bifid

inferior appendage process.

Adult.  Body, wings, and appendages fuscous, intermingled with rufous or golden

hairs, tibia and tarsi tawny brown. Wings with white transverse line along anastomosis.

Forewing slightly broader past anastomosis, but with margins nearly parallel, apex

subacute. Forewing venation incomplete, with apical forks I, II, and III present; Sc and

R1 distinct along their entire lengths; fork I sessile; fork II petiolate, stem about the same
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length as fork; fork III petiolate, stem longer than fork; Cu1 complete, reaching wing

margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present along

Cu2; A3 absent; discoidal cell longer than Rs vein. Hind wing margins nearly parallel,

tapering only slightly past anastomosis; apical forks II and V present; Sc and R1 fused

basally; A2 absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and hairlike.

Sixth sternal process thumb-like, apex attenuate and pointed, associated with oblique

apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX dorsally narrow, broad

medially and ventrally; anterior margin rounded; posterolateral margin membranous or

very lightly sclerotized; sternum IX without modification. Tergum X incompletely fused

to tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal

margin with single, downturned, elongate process; dorsolateral margin without processes;

ventrolateral margin with paired, broad flange-like setose process with small upper lobe

and larger subquadrate lower lobe. Inferior appendages present as single, broad,

subquadrate setose process, broadest basally, fused to phallobase ventrobasally, with 2

pairs of small digitate lobes ventrolaterally, each bearing a seta. Parameres present,

paired, inserted in membranous lobe, arising laterally from endotheca, sclerotized and

rod-like, bifid, with short lower process and longer, slightly medially bent upper process,

directed posteriorly, apices pointed. Phallobase reduced, lightly sclerotized. Phallicata

forming a long, straight sclerotized dorsal sheath extending from phallobase. Endophallus

membranous, enlarged and convoluted when invaginated, with 1 upper and 1 lower lobe.
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Material examined

Holotype male: BRAZIL: Minas Gerais: Parque Nacional do Caparaó,  small

trib. to Rio Caparaó, Vale Verde, 20°25'02"S, 041°50'46"W, 1350, 12-14.iii.2002 (R.W.

Holzenthal) (UMSP000052593) (MZUSP).

Paratype: BRAZIL: Minas Gerais: same data as holotype  — 1 female

(UMSP).

Etymology

I am delighted to name this species for my daughter, Lucinda Grace Thompson.

Itauara ovis, new species

Fig. 17A-C

Perhaps the most notable feature of this species is the extremely curved, ram-like shaped

parameres.  Itauara spiralis, n. sp., also has highly curved, spiral shaped parameres, but

in I. spiralis, the paramere is curved along the entire length of the paramere, whereas in I.

ovis, the paramere is curved basally, but straight distally.  The 2 species differ in other

respects, including the shape of the inferior appendage process.  In I. ovis, the inferior

appendage process is elongate, and rather inflated apically; in I. spiralis, the inferior

appendage process is bifid.  The 2 species also differ in the shape of tergum X.  In I. ovis,

tergum X is slightly notched apicomesally and has 2 pairs of rather small, subtriangular

ventrolateral processes.  In I. spiralis, tergum X is not notched, but has a pair of very

long, finger-like dorsomesal processes and a pair of very broad, irregular ventrolateral
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processes.  The phallicata of I. ovis is also quite distinct, being rather broad, and saddle-

shaped, with a dorsobasal hump and upturned apex.

Adult.  Body, wings, and appendages fuscous, intermingled with rufous or golden

hairs, tibia and tarsi tawny brown. Wings often with a few pale cream-colored or white

hairs at arculus. Forewing relatively narrow, with margins nearly parallel, apex subacute.

Forewing venation incomplete, with apical forks I, II, and III present; fork I sessile; fork

II petiolate, stem about the same length as fork; fork III petiolate, stem longer than fork;

Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of

erect setae present along Cu2; A3 absent; crossveins forming a relatively linear transverse

cord; discoidal cell longer than Rs vein. Hind wing narrow and slightly scalloped past

anastomosis; apical forks II and V present; Sc and R1 fused basally; A2 absent. Tibial

spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process short and

digitate, apex attenuate and pointed, associated with strong oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin lightly sclerotized; sternum IX

without modification. Tergum X incompletely fused to tergum IX with membrane or

lightly sclerotized region ventrolaterally; dorsomesal margin subtriangular, slightly

produced with small cleft; dorsolateral margin without processes; ventrolateral margin

with an outer pair of subtriangular setose processes directed ventrally, and an inner pair

of subtriangular processes directed posteroventrally. Inferior appendages present as

single, rather elongate setose process produced mesally, apex broad and slightly irregular,

fused to phallobase ventrobasally. Parameres present, paired, inserted in membranous

lobe, arising laterally from endotheca, sclerotized and rod-like, ram-like, curving 360
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degrees at base, distal portion straight, directed posteriorly, apex pointed. Phallobase

extremely reduced and difficult to discern. Phallicata forming a saddle-shaped sclerotized

dorsal sheath, with dorsal hump basally, distal portion curving upward. Endophallus

membranous, enlarged and convoluted when evaginated, with pair of elongate lateral

sclerites ventrally.

Material examined

Holotype male: GUYANA: Kanuku Mountains: Kumu River & Falls,

03°15'54"N, 059°43'30"W, 28-30.iv.1995 (O.S. Flint) (UMSP000118534) (NMNH)

Paratypes: VENEZUELA: Bolivar: La Escalera, 108 km. S Rio Cuyuni, 11-

12.ii.1976 (C. & O. Flint) — 5 males (NMNH).

Etymology

The name ovis, comes from the Latin for sheep, and is suggested by the shape of

the parameres, which are reminiscent of a ram’s horn.

Itauara peruensis, new species

Fig. 18A-C

This species is distinct in having a lightly sclerotized endophallus.  Ventrally, the

endophallus is membranous, but in lateral view, it has the appearance of being entirely

sclerotized.  Another unique feature is the prominent bifid dorsomesal process of tergum

X.  Itauara peruensis has a rather elongate inferior appendage process like I. ovis, but it
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is not inflated apically like that species.  The species also differ in the shape of the

parameres; those of I. peruensis are nearly straight, while those of I. ovis are spiral-

shaped.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

narrow past anastomosis, apex acute. Forewing venation incomplete, with apical forks I,

II, and III present; Sc and R1 distinct along their entire lengths; fork I sessile; fork II

petiolate, stem about the same length as fork; fork III petiolate, stem longer than fork;

Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of

erect setae present along Cu2; A3 absent; crossveins forming a relatively linear transverse

cord; discoidal cell longer than Rs vein. Hind wing narrow and slightly scalloped past

anastomosis; apical fork II present; Sc and R1 fused basally; A2 absent. Tibial spurs

1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process short and

digitate, apex attenuate and pointed, associated with strong oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin with bifid

process, each half with a pointed apex; dorsolateral margin slightly irregular, without

processes; ventrolateral margin with paired subtriangular setose process directed

ventrally. Inferior appendages present as single, narrow, rather short setose process

produced mesally, fused to phallobase ventrobasally. Parameres present, paired, arising

laterally from anterior portion of phallobase, sclerotized and rod-like, slender and

elongate, straight, very slightly downturned, apex pointed. Phallobase reduced, lightly
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sclerotized. Phallicata forming a long sclerotized dorsal sheath, mostly straight, broadest

basally, distal portion very slightly upturned. Endophallus lightly sclerotized tubular

structure, ventrally with membranous folds, apically with small phallotremal sclerite.

Material examined

Holotype male: PERU: Madre de Dios: Manu Biosphere Reserve, Pakitza

Biological Station, Trail 2, 1st stream, 12°07'00"S, 070°58'00"W, 250 m, 14-23.ix.1988

(Flint & Adams) (UMSP000210957) (NMNH)

Paratypes: PERU: Madre de Dios: same data as holotype — 21 females, 7

males; same, 17-20.ix.1988 (Flint & Adams) — 1 female (NMNH).

Etymology

This species is named for the country of Peru, where the specimens were

collected.

Itauara plaumanni (Flint 1974)

Fig. 19A-D

plaumanni (Flint), 1974: 7 [Type locality: Brazil, Santa Catarina, Nova Teutonia;

NMNH; in Antoptila]. – Angrisano, 1993: 59 [distribution] – Flint, Holzenthal, and

Harris, 1999:74 [to Itauara].

Itauara plaumanni can be recognized by the irregular lobe-like shape of the lateral
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flanges on the phallicata.  Additionally, this species has a rather elongate segment IX and

tergum X.  The profile of tergum X resembles that of I. brasiliana, but I. plaumanni has

fewer lateral processes than that species.  Itauara plaumanni has parameres similar in

shape to those of I. guarani, yet these species are easily separated by differences in the

shape of the lateral flanges of the phallicata, and tergum X.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

slightly broader past anastomosis, but with margins nearly parallel, apex rounded.

Forewing venation incomplete, with apical forks I, II, and III present; Sc and R1 distinct

along their entire lengths; fork I sessile; fork II petiolate, stem shorter than fork; fork III

petiolate, stem about the same length as fork; Cu1 complete, reaching wing margin; Cu1

and Cu2 intersecting near anastomosis; row of erect setae present along Cu2; A3 absent;

crossveins forming a relatively linear transverse cord; discoidal cell longer than Rs vein.

Hind wing margins nearly parallel, tapering only slightly past anastomosis; apical forks

II, III, and V present; Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike. Sixth sternal process short and digitate, apex

attenuate and pointed.

Male genitalia.  Preanal and inferior appendages absent. Segment IX relatively

broad; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin slightly

produced as small irregular point; dorsolateral margin with 2 pairs of processes, the upper

an elongate subtriangular process slightly downturned, the lower a small lobe-like setose

process; ventrolateral margin without processes. Parameres present, paired, arising
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ventrobasally and fused to phallobase, sclerotized and rod-like, slender and elongate,

sinuous, downturned basally, distal portion slightly upturned, directed posteriorly and

inward, apex pointed, ventrobasally with small patch of setae. Phallobase reduced, lightly

sclerotized. Phallicata forming a long sclerotized dorsal sheath, slightly bent upward

medially, with pair of irregular lobe-like lateral flanges projecting posteroventrally.

Endophallus membranous, enlarged and convoluted when invaginated, with lightly

sclerotized lobe ventrally and laterally, containing 2 small sclerites.

Material examined

Holotype male: BRAZIL: Santa Catarina: Nova Teutonia, 27°03'00"S,

052°24'00"W, 1.ii.1964 (F. Plaumann) (UMSP000027160) (NMNH).

Paratypes: BRAZIL: Santa Catarina: same data as holotype, 1.ix.1963 (F.

Plaumann) — 1 male (NMNH), same, 1.xi.1963 (F. Plaumann) — 7 males (NMNH);

same, Nova Teutonia, 27°11'00"S, 052°23'00"W, 300-500 m, 1.i.1963 (F. Plaumann) —

1 male, (NMNH), same, 1.i.1964 (F. Plaumann) — 7 males (NMNH).

Additional material examined: ARGENTINA: Misiones: Cataratas del Iguazú,

14.x.1985 — 2 males (MACN); Salto: Salto Grande, cascada, 10.xi.1955 (C.S.

Carbonell) — 46 males (MACN); URUGUAY: Artigas: San Gregorio, 30°33'00"S,

057°52'00"W (Carbonell, Mesa, & San Martin) — 1 male (MACN); Orillas Rio Uruguay

(Carbonell, AM, PSM) — 1 male, 3 females (MACN); Paysandu: Sta. Rita, Orilla Rio

Uruguay, 32°07'00"S, 058°09'00"W, 8.xii.1955 (C.S. Carbonell) — 10 males (MACN);

1.xii.1959 (C.S. Carbonell) — 1 male (MACN).
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Itauara rodmani, new species

Fig. 20A-D

This species is very similar to I. tusci, n. sp., which also has very long, upturned, tusk-

like parameres and a strongly upturned phallicata.  The 2 species can be separated based

on the shape of the phallicata process, which is pointed and blade-like in I. tusci and

rounded or blunt in I. rodmani. The phallicata is also more sclerotized in I. rodmani.

Additionally, the dorsomesal margin of tergum X is irregular, with several small setose

processes in I. tusci, whereas in I. rodmani, the dorsomesal margin is rather smooth and

triangular.  The ventrolateral processes of the 2 species also differ: I. tusci has a small

upper and more elongate lower process; I. rodmani has a single, short, digitate process.  I.

blahniki also has upturned, tusk-like parameres, but is easily distinguished from I.

rodmani based on differences in tergum X and the phallicata.  Itauara blahniki and I.

blahniki, n. sp., also has tusk-like parameres, but they are not as long and curved as I.

rodmani.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Wings with

conspicuous white spot at the arculus. Forewing slightly broader past anastomosis, but

with margins nearly parallel, apex subacute. Forewing venation incomplete, with apical

forks I, II, and III present; Sc and R1 distinct along their entire lengths; fork I sessile;

fork II petiolate, stem shorter than fork; fork III petiolate, stem about the same length as

fork; Cu1 incomplete, not reaching wing margin; Cu1 and Cu2 intersecting near

anastomosis; row of erect setae present along Cu2; A3 absent; crossveins forming a

relatively linear transverse cord; discoidal cell longer than Rs vein. Hind wing margins
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nearly parallel, tapering only slightly past anastomosis; apical forks II, III, and V present;

Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial spur extremely reduced

and hairlike. Sixth sternal process thumb-like, apex rounded, associated with weak

oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX relatively

broad; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin

subtriangular, very slightly downturned; dorsolateral margin with paired small, slightly

down-turned, setose process; ventrolateral margin with an outer and inner pair of small

setose processes directed posteriorly. Parameres present, paired, arising ventrobasally

from fused endotheca and phallobase, sclerotized and rod-like, tusk-like, strongly curving

upward, apex pointed. Phallobase reduced, lightly sclerotized with phallic shield.

Phallicata forming a long sclerotized dorsal sheath extending from phallobase, strongly

curving upward with apex directed dorsally, with pair of broad, sclerotized wing-like

lateral flanges with rounded or subquadrate ventral margins. Endophallus membranous,

enlarged and convoluted when invaginated, with 1 tubular upper lobe and 3 smaller lower

lobes.

Material examined

Holotype male: BRAZIL: Minas Gerais: Corrego das Aguas Pretas & tribs., ca.

15 km S Aiuruoca, 22°03'42"S, 044°38'14"W, 1386 m, 21.xi.2001 (Holzenthal, Blahnik,

Neto,  Paprocki) (UMSP000081856) (MZUSP).
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Paratypes: BRAZIL: Minas Gerais: same data as holotype — 6 females, 3

males (UMSP).

Etymology

I am pleased to name this species for Dr. James Rodman, the NSF program

director who initiated the Partnership for Enhancing Expertise in Taxonomy (PEET)

program.  The PEET program provides funding for the training of taxonomists of little

known organisms.  Participating in the PEET program as a doctoral student has been a

wonderful experience and I am grateful for the opportunity to study Trichoptera

taxonomy.

Itauara simplex, new species

Fig. 21A-C

This species can be recognized by its rather simple genitalic capsule.  Tergum X is

produced dorsomesally into a broad, elongate plate and has just one small ventrolateral

process.  The parameres are relatively short, straight basally, but slightly bent downward

distally.  The phallicata is short and very lightly sclerotized, and the endophallus is large

and membranous, with 2 lateral patches or elongate setae apically.  Itauara guarani also

has a very lightly sclerotized phallicata, but the 2 species differ in the shape of the

parameres and I. guarani has lateral flange-like processes on the phallicata.

Adult.  Body, wings, and appendages fuscous, intermingled with rufous or golden

hairs. Wings with conspicuous white spot at the arculus. Forewing slightly broader past

anastomosis, but with margins nearly parallel, apex subacute. Forewing venation
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incomplete, with apical forks I, II, and III present; Sc and R1 distinct along their entire

lengths; fork I petiolate, but with extremely short stem; fork II petiolate, stem about the

same length as fork; fork III petiolate; stem longer than fork; Cu1 complete, reaching

wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae present

along Cu2; A3 absent; crossveins forming a relatively linear transverse cord; discoidal

cell longer than Rs vein. Hind wing margins nearly parallel, tapering only slightly past

anastomosis; apical fork II present; Sc and R1 fused basally; A2 absent. Tibial spurs

1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process thumb-like,

apex rounded, associated with weak oblique apodeme posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally

narrow, broad medially and ventrally; anterior margin rounded; posterolateral margin

lightly sclerotized; sternum IX without modification. Tergum X incompletely fused to

tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal

margin produced into a single broad, plate-like process; dorsolateral margin slightly

irregular, without processes; ventrolateral margin with small, irregular, paired setose

process. Parameres present, paired, arising ventrobasally from fused endotheca and

phallobase, sclerotized and rod-like, slender and elongate, straight medially and basally,

curving downward distally, directed posteroventrally, apex pointed. Phallobase reduced,

lightly sclerotized with phallic shield. Phallicata short, with lightly sclerotized base,

rugous medially, becoming membranous distally. Endophallus membranous, enlarged

and convoluted when invaginated, with1 upper lobe and 2 lower lobes, with paired patch

of elongate setae laterally.
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Material examined

Holotype male: BRAZIL: São Paulo: Parque Nacional da Serra da Bocaina,

Cachoeira dos Posses, 22°46'26"S, 044°36'15"W, 1250, 3.iii.2002 (Holzenthal, Blahnik,

Paprocki, Prather) (UMSP000069700) (MZUSP).

Paratype: BRAZIL: São Paulo: same data as holotype — 1 female (UMSP).

Etymology

This species is so named for the rather simple structure of the phallic apparatus

and genital capsule.

Itauara spiralis, new species

Fig. 22A-C

This species is distinct in having a sclerotized, tubular phallicata, and an elongate,

laterally compressed, dorsomesal spine.  The phallicata in other species are less tubular,

appearing as a dorsal sheath.  This dorsal sheath was identified as a synapomorphy for the

genus in a previous phylogenetic study of Protoptilinae (see Chapter 1, this work).

Itauara spiralis was not included in that study, however, I. spiralis is placed in Itauara

since it shares many other characteristics common to the genus such as an inferior

appendage process, and a tergum X that is nearly identical to I. bidentata, n. sp. and I.

unidentata, n. sp.

Itauara spiralis can be recognized by the  extremely curved, spiral-shaped parameres.

I. ovis, n. sp., also has highly curved, spiral shaped parameres, but in I. spiralis, the
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paramere is curved along the entire length of the paramere, whereas in I. ovis, the

paramere is curved basally, but straight distally.  The 2 species differ in other respects,

including the shape of the inferior appendage process which is bifid in I. spiralis and

inflated apically in I. ovis.  The 2 species also differ in the shape of tergum X and the

phallicata.  Tergum X is very similar to those of I. bidentata and I. unidentata; all have

elongate, finger-like dorsolateral processes and broad, irregular, setose ventrolateral

processes.  Itauara spiralis is distinguished from these other 2 species by having a bifid

inferior appendage process, spiral-shaped parameres, and laterally compressed

dorsomesal spine.

Adult.  The only specimen of this species is in very poor condition. Therefore, head,

thoracic, and wing characters could not be observed.  However, the genitalia are intact.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin membranous or very lightly

sclerotized; sternum IX without modification. Tergum X incompletely fused to tergum IX

with membrane or lightly sclerotized region ventrolaterally; dorsomesal margin straight,

shallowly excavate; dorsolateral margin with paired elongate, down-turned, finger-like

process; ventrolateral margin with paired, very broad flange-like setose process

consisting of several small irregular lobes. Inferior appendages present as apically bifid,

setose process produced mesally, broadest at base and fused to phallobase ventrobasally.

Parameres present, paired, arising laterally from endotheca, spiral-shaped, curving 360

degrees at base with curve continuing to apex, directed posteroventrally, apex pointed.

Phallobase reduced, lightly sclerotized. Phallicata forming a short slerotized dorsal tube

extending from phallobase, with a long, broad dorsomesal spine arising posteriorly to
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phallobase. Endophallus membranous, rather small, apically sharply bent downward,

pointing anteroventrally.

Material examined

Holotype male: GUYANA: Paramakatoi: 04°42'00"N, 059°42'48"W, 24-

25.viii.1997 (W.N. Mathis) (UMSP0000210960) (NMNH).

Etymology

The name spiralis refers to the spiral form of the parameres.

Itauara stella, new species

Fig. 23A-C

This species is associated with Itauara alexanderi, n. sp., I. emilia, n. sp., and I. lucinda,

n. sp., as discussed under each of those species.  Each of these species possess an inferior

appendage process, a dorsomesal process on tergum X, and rather sinuous parameres.  Of

these species, I. stella is most similar to I. alexanderi. Both of these species have

similarly shaped elongate dorsomesal processes and broad ventrolateral processes of

tergum X.  Both also have apically bifid inferior appendage processes.  Itauara stella can

be distinguished from by the length of the parameres; those of I. stella are longer and

more strongly directed laterally than those of I. alexanderi.  Additionally, the inferior

appendage process of I. alexanderi is broader than that of I. stella.  Itauara stella can be



271

differentiated from I. emilia by the shape of the dorsomesal process and from I. lucinda

by the shape of the parameres and inferior appendage process.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Wings with

white transverse line along anastomosis. Forewing slightly broader past anastomosis, but

with margins nearly parallel, apex rounded. Forewing venation incomplete, with apical

forks I, II, and III present; Sc and R1 distinct along their entire lengths; fork I sessile;

stem about the same length as fork; fork III petiolate, stem about the same length as fork;

Cu1 complete, reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of

erect setae present along Cu2; A3 absent; crossveins forming a relatively linear transverse

cord. Hind wing margins nearly parallel, tapering only slightly past anastomosis; apical

forks II and V present; Sc and R1 fused basally; A2 absent. Tibial spurs 1,4,4, foretibial

spur extremely reduced and hairlike. Sixth sternal process thumb-like, apex attenuate and

pointed, associated with weak oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX ventrally narrow, broad

medially; anterior margin rounded; posterolateral margin lightly sclerotized; sternum IX

without modification. Tergum X incompletely fused to tergum IX with membrane or

lightly sclerotized region ventrolaterally; dorsomesal margin with single, downturned,

elongate process; dorsolateral margin irregular and setose; ventrolateral margin with

paired, broad flange-like setose process consisting of small upper lobe and larger

subtriangular lower lobe. Inferior appendages present as apically bifid, setose process

produced mesally, broadest at base and fused to phallobase ventrobasally, with 2 pairs of

small digitate lobes ventrolaterally, each bearing a seta. Parameres present, paired,

inserted in membranous lobe, arising laterally from endotheca, sclerotized and rod-like,
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long, sinuous, directed outward and posteriorly, apex pointed. Phallobase reduced, lightly

sclerotized. Phallicata forming a long sclerotized dorsal sheath extending from

phallobase, broadest basally, narrowed slightly, distal portion curving dorsally.

Endophallus membranous, enlarged and convoluted when invaginated, with 1 tubular

upper lobe and 1 smaller lower lobe.

Material examined

Holotype male: BRAZIL: Sao Paulo: Estação Biológica Boraceia: Rio

Venerando & tribs, 23°39'11"S, 045°53'25"W, 850 m, 18-21.ix.2002 (Blahnik, Prather,

Melo, Froehlich, Silva) (UMSP000052589) (MZUSP)

 Paratypes: BRAZIL: Sao Paulo: same data as holotype — 9 females, 9 males

(UMSP).

Etymology

I am delighted to name this species for my daughter, Stella Claire Thompson.

Itauara tusci, new species

Fig. 24A-C

This species is very similar to I. rodmani, n. sp., which also has very long, upturned,

tusk-like parameres and a strongly upturned phallicata.  The 2 species are separated based

on the shape of the phallicata process, which is pointed and blade-like in I. tusci and

rounded or blunt in I. rodmani.  The phallicata of I. tusci is more lightly sclerotized than
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I. rodmani, especially at the distal portion. Additionally, in I. tusci, the dorsomesal

margin of tergum X is irregular, with several small setose processes, whereas in I.

rodmani, the dorsomesal margin is rather smooth and triangular.  The ventrolateral

processes of the 2 species also differ: I. tusci has a small upper and more elongate lower

process; I. rodmani has a single, short, digitate process.  Itauara blahniki also has

upturned, tusk-like parameres, but is easily distinguished from I. tusci based on

differences in tergum X and the phallicata.

Adult.  Body, wings, and appendages pale or tawny brown, often intermingled

with rufous or golden hairs, tibia and tarsi tawny brown. Wings with conspicuous white

spot at the arculus. Forewing slightly broader past anastomosis, but with margins nearly

parallel, apex rounded. Forewing venation incomplete, with apical forks I, II, and III

present; Sc and R1 distinct along their entire lengths; fork I sessile; fork II petiolate, stem

shorter than fork; fork III petiolate, stem about the same length as fork; Cu1 complete,

reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae

present along Cu2; A3 absent; crossveins forming a relatively linear transverse cord;

discoidal cell longer than Rs vein. Hind wing margins nearly parallel, tapering only

slightly past anastomosis; apical forks II, III, and V present; Sc and R1 fused basally; A2

absent. Tibial spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal

process thumb-like, apex attenuate and pointed, associated with weak oblique apodeme

posteriorly.

Male genitalia.  Preanal and inferior appendages absent. Segment IX dorsally

narrow, broad medially and ventrally; anterior margin rounded; posterolateral margin

membranous or very lightly sclerotized; sternum IX without modification. Tergum X
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incompletely fused to tergum IX with membrane or lightly sclerotized region

ventrolaterally; dorsomesal margin slightly produced with several small irregular setose

processes; dorsolateral margin with paired small, slightly down-turned, setose process;

ventrolateral margin with 2 pairs of processes, the upper a small lobe-like process, the

lower an elongate finger-like process bearing a few setae. Parameres present, paired,

arising ventrobasally from fused endotheca and phallobase, sclerotized and rod-like, tusk-

like, strongly curving upward, apex pointed. Phallobase reduced, lightly sclerotized with

phallic shield. Phallicata forming a long lightly sclerotized dorsal sheath extending from

phallobase, rugous distally, strongly curving upward with apex directed anterodorsally,

with pair of broad, sclerotized blade-like lateral flanges, apex pointed and directed

posteriorly. Endophallus membranous, enlarged and convoluted when invaginated, with 1

upper and 1 lower lobe.

Material examined

Holotype male: BRAZIL: Rio de Janeiro: Rio das Flores, Macaé de Cima, 10

km SE Mury, 1000 m, 9.iii.2002 (Holzenthal, Blahnik, Paprocki, Prather)

(UMSP000070932) (MZUSP).

Paratypes: BRAZIL: Rio de Janeiro: same data as holotype — 4 males, 26

females (UMSP); Rio Macaé, Macaé de Cima, 22°23'41"S, 042°30'08"W, 1000 m,

8.iii.2002 (Holzenthal, Blahnik, Paprocki, Prather) — 2 males, 10 females (UMSP);

Encontro dos Rios (Macaé/Bonito), 6 km S Lumiar, 22°23'29"S, 042°18'42"W, 600 m,

10.iii.2002 (Holzenthal, Blahnik, Paprocki, Prather) — 64 males, 145 females (MZUSP,

UMSP).
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Etymology

The name tusci is derived from the Old English word for tusk, and refers to the

extremely long parameres of this species.

Itauara unidentata, new species

(Fig. 2C, 25A-C)

This species can be diagnosed by its large, tooth-like paramere process, and broad

inferior appendage process.  It is most similar to I. bidentata, n. sp., which has a similarly

shaped tergum X, dorsomesal spine, and apical sclerites.  The 2 species can be separated

by their paramere processes; in I. unidentata the paramere consists of a single large tooth-

like process, whereas in I. bidentata, the paramere process is bifid.   Itauara amazonica

also has a dorsomesal spine, but can be distinguished from I. unidentata by the simple

shape of tergum X and parameres.  Itauara spiralis, n. sp., has a similarly shaped tergum

X, but is easily distinguished from I. unidentata by differences in the shape of the inferior

appendage process, parameres, and phallicata.

Adult.  Body, wings, and appendages pale or tawny brown in alcohol. Forewing

slightly broader past anastomosis, but with margins nearly parallel, apex subacute.

Forewing venation incomplete, with apical forks I, II, III, and IV present; Sc and R1

distinct along their entire lengths; fork I sessile; fork II sessile; fork III petiolate, stem

longer than fork; fork IV petiolate, stem slightly shorter than fork; Cu1 complete,

reaching wing margin; Cu1 and Cu2 intersecting near anastomosis; row of erect setae

present along Cu2; A3 absent; crossveins forming a relatively linear transverse cord;
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discoidal cell longer than Rs vein. Hind wing narrow and slightly scalloped past

anastomosis; apical forks II and V present; Sc and R1 fused basally; A2 absent. Tibial

spurs 1,4,4, foretibial spur extremely reduced and hairlike. Sixth sternal process short and

digitate, apex attenuate and pointed, associated with strong oblique apodeme posteriorly.

Male genitalia.  Preanal appendages absent. Segment IX dorsally and ventrally

narrow, broad medially; anterior margin rounded; posterolateral margin membranous or

very lightly sclerotized; sternum IX without modification. Tergum X incompletely fused

to tergum IX with membrane or lightly sclerotized region ventrolaterally; dorsomesal

margin straight, without processes; dorsolateral margin with paired elongate, down-

turned, finger-like process; ventrolateral margin with paired, broad flange-like setose

process consisting of several small irregular lobes. Inferior appendages present as single,

broad, irregular setose process, broadest basally, fused to phallobase ventrobasally,

bearing a single pair of small digitate lobes ventrolaterally, each bearing a seta.

Parameres present, paired, arising laterally from endotheca, strongly sclerotized, large

tooth-like process, curving ventrally and outward, apex pointed. Phallobase reduced,

lightly sclerotized dorsally, laterally membranous, with 2 irregular and elongate sclerites

arising basolaterally. Phallicata forming a short slerotized dorsal sheath with an elongate

dorsomesal spine arising posteriorly to phallobase.

Material examined

Holotype male: GUYANA: Kanuku Mountains: Kumu River & Falls,

03°15'54"N, 059°43'30"W, 28-30.iv.1995 (W.N. Mathis) (UMSP000118535) (NMNH).
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Paratypes: GUYANA: Kanuku Mountains: same data as holotype, (W.N.

Mathis) — 1 female (NMNH); same, (O.S. Flint) — 1 male (NMNH).

Etymology

The name unidentata is suggested by the single tooth-like paramere process.
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Key to males of Itauara

In most cases, it should be possible to identify most species by simple comparisons to

illustrations and reference to the species diagnoses and descriptions.  The following key

is meant to help the user focus on male genitalic features most useful in identifying

species and should be used in conjunction with the provided illustrations and

descriptions.

1. Inferior appendages present as single, sometimes apically bifid, setose process,

fused to phallobase ventrobasally...............................................................  2

Inferior appendages absent ..........................................................................  13

2(1). Inferior appendage process relatively short and broad....................................  3

Inferior appendage process relatively narrow and elongate ............................  9

3(2). Tergum X dorsolateral margin with paired, very long, finger-like processes;

phallicata with elongate dorsomesal spine ..................................................  4

Tergum X dorsolateral margin without paired long, finger-like processes;

phallicata without dorsomesal spine ...........................................................  6

4(3). Inferior appendage process bifid apically; endophallus without apical sclerites;

parameres rather elongate, spiral-shaped, curving nearly 360 degrees ...........

........................................................................Itauara spiralis, new species

Inferior appendage process not bifid; endophallus with apical sclerites; parameres

rather broad and tooth-like, spiral-shaped...................................................  5

5(4). Parameres bifid...............................................  Itauara bidentata, new species

Parameres not bifid.......................................  Itauara unidentata, new species

6(3). Tergum X with elongate, attenuate, downturned dorsomesal process .............  7

Tergum X dorsomesal margin bifid ....................Itauara jamesii, new species
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7(6). Inferior appendage process bifid apically......  Itauara alexanderi, new species

Inferior appendage process not bifid ..............................................................  8

8(7). Parameres extremely sinuous, not forked; endophallus with large, bifid apical

processes; tergum X ventrolateral margin with small, subtriangular setose

process......................................................  Itauara guianensis, new species

Parameres forked, not sinuous; endophallus entirely membranous without apical

processes or sclerites; tergum X ventrolateral margin with broad, irregular,

flange-like setose process...............................  Itauara lucinda, new species

9(2). Tergum X dorsomesal margin divided apicomesally, slightly notched, or with

large, prominent bifid process; inferior appendage process not bifid.........  10

Tergum X dorsomesal margin not divided apicomesally, bifid, slightly notched, or

with large, prominent bifid process; inferior appendage process bifid apically

.................................................................................................................. 12

10(9). Parameres curving upward or tusk-like; phallicata with elongate, apically bifid,

dorsomesal spine........................................  Itauara amazonica (Flint 1971)

Parameres not curving upward or tusk-like; phallicata without dorsomesal spine

................................................................................................................  11

11(10). Parameres spiral-shaped or ram-like, curving nearly 360 degrees; endophallus

largely membranous, without apical sclerite.........  Itauara ovis, new species

Parameres nearly straight; endophallus lightly sclerotized, with small apical

sclerite ........................................................  Itauara peruensis, new species

12(9). Tergum X with elongate, attenuate, downturned dorsomesal process

..........................................................................  Itauara stella, new species

Tergum X with large, blunt, dorsomesal process, elongate in dorsal view,

subtriangular in lateral view.............................  Itauara emilia, new species

13(1). Phallicata with paired lateral flanges or processes........................................  14

Phallicata without paired lateral flanges or processes...................................  19
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14(13). Tergum X dorsomesal margin irregular, with several small setose processes.

................................................................................................................. 15

Tergum X dorsomesal margin not irregular..................................................  16

15(14). Parameres curving upward, tusk-like; endophallus without apical processes or

sclerites.........................................................................................................

............................................................................Itauara tusci, new species

Parameres arcuate, curving downward; endophallus with tooth-like apical sclerite

.....................................................................Itauara charlotta, new species

16(14). Tergum X with elongate, attenuate, downturned dorsomesal process .......  17

Tergum X without elongate dorsomesal processes .......................................  18

17(16). Parameres sinuous; phallicata very lightly sclerotized basally, rugous or

membranous distally .............................  Itauara guarani (Angrisano 1993)

Parameres arcuate, curving downward; phallicata entirely sclerotized

........................................................................... Itauara flinti, new species

18(16). Parameres curving upward, tusk-like; phallicata strongly curved medially,

directed anterodorsally.................................. Itauara rodmani, new species

Parameres sinuous; phallicata nearly straight, distal portion slightly upturned

.................................................................. Itauara plaumanni (Flint 1974)

19(13). Sternum IX bearing 2 pairs of extremely elongate, seta-like processes;

parameres vestigial, consisting only of a pair of small, digitate setose lobes

arising ventrolaterally from endotheca ..........................................................

................................................................ Itauara brasiliana (Mosely 1939)

Sternum IX without modification; parameres prominently present...............  20

20(19). Tergum X with elongate, attenuate, slightly downturned dorsomesal process;

parameres curving upward, tusk-like.............  Itauara blahniki, new species

Tergum X without elongate dorsomesal processes; parameres not curving upward

or tusk-like................................................................................................ 21
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21(20). Tergum X dorsomesal margin blunt; parameres bent basally at nearly 90 degree

angle, directed dorsally; phallicata sclerotized, not continuous from phallobase

Itauara julia, new species

Tergum X dorsomesal margin roof-like, strongly produced; parameres arcuate,

curving downward; phallicata very lightly sclerotized basally, more

membranous and rugous distally, continuous from phallobase.......................

....................................................................... Itauara simplex, new species
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Figure 2.  Forewings. (A) Itauara brasiliana (Mosely). (B) Itauara guianensis, 
new species. (C) Itauara unidentata, new species. Wings between taxa not to scale.
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Figure 3.  Hind wings. (A) Itauara brasiliana (Mosely). (B) Itauara guianensis, 
new species. (C) Itauara julia, new species. Wings between taxa not to scale.
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Figure 4. Itauara alexanderi, new species (composite of UMSP000114626 & 
UMSP000052590). Male genitalia: (A) lateral;  (B) dorsal; (C) ventral.  Abbre-
viations:  dm. pr.  = dorsomesal process; enph. = endophallus; inf. ap. = inferior 
appendage process; phb = phallobase; phc. = phallicata; pmr . = paramere;  t. X = 
tergum X; vl. pr. = ventrolateral process.
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Figure 5.  Itauara amazonica (Flint 1971) (UMSP000027156). (A) Process of 
sternum VI.  Male genitalia: (B) lateral; (C) dorsal; (D) ventral.  Abbreviations:  ap. 
sp. = apical spine; dm. sp. = dorsomesal spine; enph. = endophallus; enph. pr. = 
endophallic process; inf. ap. = inferior appendage process; phb = phallobase; phc. 
= phallicata; pmr . = paramere;  t. X = tergum X.
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Figure 6. Itauara bidentata, new species (UMSP000210958). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  ap. sp. = apical spine; dl. pr. = dorso-
lateral process; dm. sp. = dorsomesal spine; enph. = endophallus; inf. ap. = inferior 
appendage process; phb. = phallobase; phc. = phallicata; pmr . = paramere;  t. X = 
tergum X; vl. pr. = ventrolateral process. 
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Figure 7. Itauara blahniki, new species (UMSP000087057) Male genitalia:  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: dm. pr. = dorsomesal process; enph. 
= endophallus; phb = phallobase; phc. = phallicata; pmr . = paramere;  t. X = 
tergum X; vl. pr. = ventrolateral process. 
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Figure 8.  Itauara brasiliana (Mosely 1939).  Male genitalia.  (A) lateral; (B) 
dorsal;  (C) ventral.  Abbreviations:  enph. = endophallus; phc. = phallicata; pmr . 
= paramere;  t. X = tergum X; vl. pr. = ventrolateral process.  
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Figure 9. Itauara charlotta, new species (UMSP000086390). Male genitalia:  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: ap. sp. = apical spine; dl. pr. = dorso-
lateral process; dm. pr. = dorsomesal process; enph. = endophallus; phb = phallobase; 
phc. = phallicata; phc. pr. = phallicata process; pmr . = paramere;  t. X = tergum X. 
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Figure 10. Itauara emilia (UMSP000029788).  Male genitalia  (A) lateral; (B) dorsal; 
(C) ventral.  Abbreviations: dm. pr. = dorsomesal process; enph. = endophallus; inf. ap. 
= inferior appendage process; phb. = phallobase; phc. = phallicata; pmr . = paramere;  t. 
X = tergum X; vl. pr. = ventrolateral process.
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Figure 11. Itauara flinti, new species (UMSP000086388) Male genitalia:  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: dm. pr. = dorsomesal process; enph. 
= endophallus; phb = phallobase; phc. = phallicata; phc. pr. = phallicata process; 
pmr . = paramere;  t. X = tergum X; vl. pr. = ventrolateral process. 
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Figure 12. Itauara guarani (Angrisano 1993) (UMSP000086361). Male genitalia:  
(A) Sternum VI process; ttt (B)  lateral; (C)dorsal; (D)  ventral.  Abbreviations:  dm. 
pr. = dorsomesal process; enph. = endophallus; phb = phallobase; phc. = phallicata; 
phc. pr. = phallicata process; pmr . = paramere;  t. X = tergum X; vl. pr. = ventrolat-
eral process. 
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Figure 13. Itauara guianensis, new species. Male genitalia, everted (UMSP000210959) 
and non-everted (UMSP000210962).  (A) lateral: left, everted; inset, non-everted (B) 
dorsal; (C) ventral.  Abbreviations:  ap. pr. = apical process; dl. pr. = dorsolateral 
process; dm. pr. = dorsomesal process; enph. = endophallus; inf. ap. = inferior append-
age process; phb. = phallobase; phc. = phallicata; pmr . = paramere;  t. X = tergum X; 
vl. pr. = ventrolateral process.
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Figure 14.  Itauara jamesii, new species (UMSP000087916). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  dm. pr. = dorsomesal process; enph. = 
endophallus; enph. pr. = endophallic process; inf. ap. = inferior appendage process; 
phb. = phallobase; phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = 
ventrolateral process. 
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Figure 15. Itauara julia, new species. Male genitalia:  Male genitalia  (A) lateral; (B) 
dorsal; (C) ventral.  Abbreviations:  dl. pr. = dorsolateral process; enph. = endophallus; 
enph. pr. = endophallic process; phb. = phallobase; phc. = phallicata; pmr . = paramere;  
t. X = tergum X; vl. pr. = ventrolateral process. 
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Figure 16.  Itauara lucinda, new species (UMSP000052593). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: dm. pr. = dorsomesal process; 
enph. = endophallus; inf. ap. = inferior appendage process; phb. = phallobase; 
phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = ventrolateral 
process. 
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Figure 17.  Itauara ovis, new species (UMSP000118534) Male genitalia.  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: enph. = endophallus; enph. scl. = 
endophallic sclerite; inf. ap. = inferior appendage process; phc. = phallicata; pmr . = 
paramere;  t. X = tergum X; vl. pr. = ventrolateral process. 
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Figure 18. Itauara peruensis, new species (UMSP000210957). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  ap. scl. = apical sclerite; dm. pr. = 
dorsomesal process; enph. = endophallus; inf. ap. = inferior appendage process; phb. 
= phallobase; phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = ventro-
lateral process. 
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Figure 19.  Itauara plaumanni (Flint 1974) (UMSP000086359). Male genitalia:  
(A) Sternum VI process; ttt (B)  lateral; (C)dorsal; (D)  ventral.  Abbreviations: dl. 
pr. = dorsolateral process; enph. = endophallus; phb = phallobase; phc. = phalli-
cata; phc. pr. = phallicata process; pmr . = paramere;  t. X = tergum X.
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Figure 20. Itauara rodmani, new species (UMSP000081856).  Male genitalia. (A) 
sternum VI process;  (B) lateral; inset, variant (C) dorsal; (D) ventral; inset, tergum X.  
Abbreviations: dl. pr. = dorsolateral process; enph. = endophallus; phb = phallobase; 
phc. = phallicata; phc. pr. = phallicata process; pmr . = paramere;  t. X = tergum X; vl. 
pr. = ventrolateral process. 
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Figure 21. Itauara simplex, new species  (UMSP000069700).  Male genitalia:  
(A) lateral; (B) dorsal; (C) ventral.  Abbreviations: enph. = endophallus; phb = 
phallobase; phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = vent-
rolateral process.
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Figure 22.  Itauara spiralis, new species (UMSP000210960). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  dl. pr. = dorsolateral process; dm. sp. 
= dorsomesal spine; enph. = endophallus; inf. ap. = inferior appendage process; phb. 
= phallobase; phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = ventro-
lateral process. 
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Figure 23.  Itauara stella, new species (UMSP000052589). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  dm. pr. = dorsomesal process; 
enph. = endophallus; inf. ap. = inferior appendage process; phb. = phallobase; 
phc. = phallicata; pmr . = paramere;  t. X = tergum X; vl. pr. = ventrolateral 
process.. 
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Figure 24.  Itauara tusci, new species (UMSP000070932).  Male genitalia:  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations: dl. pr. = dorsolatera; process; enph. = 
endophallus; phb = phallobase; phc. = phallicata; phc. pr. phallicata process; pmr . = 
paramere;  t. X = tergum X; vl. pr. = ventrolateral process.  
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Figure 25. Itauara unidentata, new species (UMSP000118535). Male genitalia  (A) 
lateral; (B) dorsal; (C) ventral.  Abbreviations:  ap. sp. = apical spine; dl. pr. = dorsolat-
eral process; dm. sp. = dorsomesal spine; enph. = endophallus; inf. ap. = inferior 
appendage process; phb. = phallobase; phc. = phallicata; pmr . = paramere;  t. X = 
tergum X; vl. pr. = ventrolateral process.
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Chapter IV: The Neotropical caddisfly genus Tolhuaca

(Trichoptera: Glossosomatidae)

© 2005 Magnolia Press. Zootaxa 1063: 53-68.  Reprinted with permission.

SUMMARY

The caddisfly genus Tolhauca Schmid 1964 (Glossosomatidae: Protoptilinae) is

diagnosed and discussed in the context of other protoptiline genera, and a review of its

taxonomic history is provided. A new species, Tolhuaca brasiliensis, from southeastern

Brazil, is described and illustrated, and the type species, Tolhuaca cupulifera Schmid

1964, from Chile, is redescribed and illustrated. Additionally, females of the genus are

described and illustrated for the first time. Characters of the female genitalia, wing

venation, and thorax suggest that Tolhuaca is more primitive than any other protoptiline

genus and probably deserves a basal placement within the subfamily. The genus shows a

broadly disjunct distribution perhaps reflecting an ancient southern Gondwana pattern.

INTRODUCTION

The genus Tolhuaca Schmid 1964, belongs to the saddle-, or tortoise-case making

caddisfly family Glossosomatidae. The family contains approximately 500 species

worldwide and consists of 3 subfamilies: Agapetinae (~200 spp.), Glossosomatinae (~100

spp.), and Protoptilinae (~200 spp.). Members of the subfamily Protoptilinae, to which

Tolhuaca belongs, are very minute (1.5–6 mm) and were originally thought to belong to
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the family Hydroptilidae, the microcaddisflies. Following Mosely’s (1937) suggestion,

Ross (1938) transferred Protoptila Banks 1904, the first genus to be described in the

protoptiline group, to Glossosomatinae, at that time a subfamily within Rhyacophilidae.

Mosely (1954) later added to the protoptiline group by transferring Antoptila Mosely

1939 (junior synonym of Itauara Mu_ller 1888), Canoptila Mosely 1939, Culoptila

Mosely 1954, Mexitrichia Mosely 1937, and Mortoniella Ulmer 1906 from

Hydroptilidae, and expressed his inclination to form a new subfamily within the

Rhyacophilidae to contain these “kindred genera.” Consequently, Ross (1956) elevated

the “Protoptila group” to subfamily status within the family Glossosomatidae.

The subfamily Protoptilinae currently contains 18 genera and has a rather disjunct

distribution: 4 genera are restricted to the East Palaearctic and Oriental regions; the

remaining genera occur in the Nearctic and Neotropical regions. It is in the Neotropics

where the subfamily reaches its greatest diversity, and also exhibits a high degree of

endemism at both the genus and species levels (Flint et al. 1999). The Southern Cone

region of South America (Argentina, Chile, Uruguay, Paraguay, and Southern Brazil)

includes 6 endemic protoptiline genera, among them, Tolhuaca.

Until now, the genus Tolhuaca contained a single species, T. cupulifera Schmid

1964, known only from Chile. A new species, including a female, is now described from

southeastern Brazil as a result of a recent survey of that fauna by researchers and students

at the University of Minnesota. In addition, T. cupulifera is illustrated and redescribed,

and a description of the female is provided for the first time.
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MATERIALS AND METHODS

Morphological terminology used in this paper for male and female genitalia follows that

of Holzenthal (2004) and Nielsen (1980), respectively. For setal warts of the head and

thorax, we use the terminology of Wiggins (1996). Terminology for wing venation

follows that of Schmid (1998). Procedures for the preparation, examination, and

illustration of important taxonomic structures, and construction of species descriptions,

followed those outlined in detail by Holzenthal and Andersen (2004). Georeference data

(longitude & latitude) for older specimens collected by L.E. Peña was obtained by

searching specimen localities through the Alexandria Digital Library Gazetteer (2005). A

list of all material examined during this study as well as taxonomic, locality, collection,

and individual specimen barcode information can be accessed and downloaded from the

University of Minnesota Insect Collection (UMSP) Trichoptera Holdings Biota®

database, www.entomology.umn.edu/museum/databases/BIOTAdatabase.html.

Types of the species described in this paper and other material examined are

deposited at the National Museum of Natural History, Smithsonian Institution,

Washington, DC, USA (NMNH), the Museu de Zoologia, Universidade de São Paulo,

São Paulo, Brazil (MZUSP), and the University of Minnesota Insect Collection, Saint

Paul, Minnesota, USA (UMSP) as indicated in the species descriptions.
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SYSTEMATICS

Position of Tolhuaca within the subfamily Protoptilinae

Schmid (1964) originally placed Tolhuaca in the family Sericostomatidae,

commenting on the similarity of the bifid tergum X of the male genitalia to that of

Brachycentridae, at that time a subfamily within Sericostomatidae. Flint (1967) later

transferred Tolhuaca to Protoptilinae upon discovery that the wing figures in the original

description were mislabelled with those of Austrocentrus griseus Schmid 1964

(Helicophidae). Since that time, there has been nothing published regarding the

placement of Tolhuaca in relation to the other protoptiline genera.

When Schmid (1964) first described the genus he wrote, “Dans l’état actuel de

nos connaissances, il est impossible d’assigner une position phylétique au genre

Tolhuaca, dont la nervulation assez complète, surtout aux ailes antérieures, contraste avec

l’extrême simplification et spécialisation des génitalia…” [“In the current state of our

knowledge, it is impossible to assign a phyletic position to the genus Tolhuaca, whose

rather complete venation, especially in the forewings, contrasts with the extreme

simplification and specialization of the genitalia…” Translation from Schmid (1964)].

The male genitalia (Figs. 5A, 7A) have completely lost both the inferior and preanal

appendages, and sternum IX has been reduced to nothing more than a thin, ventral strap.

The phallic apparatus (Figs. 5A, 5D, 5F, 7A, 7D) consists of a greatly enlarged, but

simple tubular phallobase, and an eversible membranous endotheca. These apparently

derived conditions of the male genitalia contrast with other features that imply a basal

placement of Tolhuaca within Protoptilinae.
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Published works regarding protoptiline phylogeny are few and far between.

Morse and Yang (1993) discussed some genera from the East Palaearctic and Oriental

regions, and also provided a very useful table comparing wing venation among 15

recognized genera. Ross (1956) provided an early discussion of possible phylogenetic

relationships among protoptiline genera and considered the genus Matrioptila Ross 1956

to be most primitive based on characteristics of the male genitalia and wing venation. In

Matrioptila, segment IX is complete and ringlike, tergum X consists of a pair of simple

lobes, and inferior appendages are present. Forewing veins Cu1 and Cu2 are often fused

in Protoptilinae, but in Matrioptila, they are separate and distinct along their entire

lengths and in the hind wing, Cu1 is branched. These genitalic and venational characters

are primitive according to Ross (1956). Kimmins (1964) described a new genus,

Nepaloptila, from Nepal and placed it in Protoptilinae. The genus shares some

characteristics of the male genitalia with Matrioptila, but Kimmins (1964) considered

Nepaloptila to be more primitive, based on its retention of apical fork V in the forewing,

which is usually absent in other Protoptilinae. The venation of Tolhuaca (Figs. 3, 4) is

quite similar to that of Nepaloptila (Kimmins 1964), differing only slightly. In Tolhuaca,

Sc is distinct from R1 in the forewing, whereas in Nepaloptila, Sc and R1 are fused near

the wing margin. The 2 genera also differ in the position of crossveins in the forewing:

those of Tolhuaca form a relatively straight transverse cord along the anastomosis

whereas in Nepaloptila, they do not. In the hind wing, A2 is present in Tolhuaca, but

absent in Nepaloptila.

Although Tolhuaca would seem to have more specialized male genitalia than

Nepaloptila and Matrioptila, other characters suggest Tolhuaca is the more primitive
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genus. In Nepaloptila and Matrioptila, the foretibial spur has been lost, whereas in

Tolhuaca, although reduced considerably, the spur is retained (Fig. 2). The genus

Tolhuaca also has two small setal warts on the mesoscutellum (Fig. 1), which Ross

(1956) considered to be primitive; these warts are absent in all other known protoptilines.

The female genitalia (Figs. 6, 8) consist of an elongate oviscapt and 2 pairs of long, rod-

like apodemes on segments VIII and IX. The presence of these apodemes is

pleisiomorphic within Amphiesmenoptera (Kristensen 1984). The retention of the

foretibial spur, presence of mesoscutellar setal warts, and the structure of the female

genitalia suggest that Tolhuaca deserves a basal placement within the subfamily

Protoptilinae.

Diagnosis of the genus Tolhuaca Schmid

Tolhuaca Schmid, 1964:336 [Type species: Tolhuaca cupulifera Schmid 1964, original

designation].

Tolhuaca is most similar in wing venation to the genus Nepaloptila Kimmins 1964,

differing only slightly. In the forewing of Tolhuaca Sc is distinct from R1, whereas in

Nepaloptila, Sc and R1 are fused near the wing margin. The 2 genera also differ in the

position of the forewing crossveins: those of Tolhuaca, although faint, form a relatively

linear transverse cord at the anastomosis; in Nepaloptila, the crossveins do not form a

line. The hind wing venation of the 2 genera is quite similar as well, each with apical

forks II, III, and V present, and differ only in that Tolhuaca has retained the A2 vein,
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while Nepaloptila has lost A2. The male genitalia of Tolhuaca are slightly similar to

Culoptila Mosely 1954, in that both genera have a reduced sternum IX, but the 2 genera

can be distinguished from each other based on their venation, shape of the sternum VI

process, and numerous other characters.

Adult. Forewing length: male 2.7–5.0 mm, female 2.7–5.3 mm. Body, wings, and

appendages nearly uniformly fuscous; tibia and tarsi yellowish brown; forewing with

erect or retrorse setae along some veins, most noticeably along Cu2. Head (Fig. 1)

broader than long, vertex rounded, with pair of small distinct anteromesal setal warts,

elongate anterior setal warts, suboval posterior warts, and large subtriangular

posterolateral setal warts. Ocelli present. Scape short, but longer than wide. Maxillary

palps 5 segmented, 1st and 2nd segments short with elongate setae apically; 2nd segment

bulbous; last 3 segments each nearly same length as 1st and 2nd segments combined.

Prothorax (Fig. 1) with 2 large subtriangular pronotal setal warts; mesoscutum with 2

pairs of setal warts, elongateanteromesal pair and smaller oval posterolateral pair;

mesoscutellum with pair of small, round, yet distinct setal warts. Forewing (Figs. 3A, 4A)

relatively narrow or broad beyond anastomosis, apex rounded. Forewing venation

complete; Sc and R1 distinct along their entire lengths; Cu1 and Cu2 distinct along their

entire lengths; Cu1 thick in relation to M; A3 looped and intersecting A2; crossveins r, d,

r-m, and m-cu present, forming a relatively linear transverse cord. Hind wing (Figs. 3B,

4B) narrow or broad; forks II, III, and V present; Sc and R1 either fused basally or

converging near wing margin. Tibial spurs 1,4,4, foretibial spur extremely reduced and

hairlike (Fig. 2).

Male genitalia extremely simple (Figs. 5, 7). Sixth sternal process associated with
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oblique apodeme posteriorly. Preanal and inferior appendages absent. Abdominal

segment IX well developed dorsally and laterally but extremely reduced ventrally,

forming very thin sclerotized ring; anterior margin rounded. Membranous connection

between segments IX and X distinct. Tergum X roof-like, excavate apicomesally, setose

apically; ventrally with mesal or apicomesal processes. Phallobase large and tubular or

bulbous, with apicodorsal projection, lightly sclerotized, diminishing to membrane

posteroventrally, with small, stout setae; endotheca membranous and greatly enlarged

when evaginated, with sclerotized structures internally.

Female genitalia (Figs. 6, 8) elongate and tubular, with 2 pairs of rod-like internal

apodemes, with apparent insertion points near anterior margin of tergum IX and posterior

margin of segment VIII and extending anteriorly; pair of thin, short, apodemes apparently

inserted at anterior margin of tergum IX and extending posteriorly to segment X. Sternum

V with slightly raised, sclerotized linear ridge. Sixth sternal process associated with

oblique apodeme. Abdominal segment VIII synscleritous. Segment X digitate or bulbous,

bearing cerci.

SPECIES DESCRIPTIONS

Tolhuaca cupulifera Schmid

Figs. 1–3, 5, 6

Tolhuaca cupulifera Schmid, 1964: 337 [Type locality: Chile, Pichinahuel, Arauco;

NMNH; male; in Sericostomatidae]. –Flint 1967:52 [correction of transposition of wing
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figures in original description; to Glossosomatidae, Protoptilinae; distribution].

Tolhuaca cupulifera can be distinguished from T. brasiliensis, new species, by the

presence of sclerotized, conical, thorn-like spines in the endotheca. Tergum X is also

much more excavate apicomesally, while it is shallowly excavate in the new species, T.

brasiliensis. Tergum X is triangular in lateral view in T. cupulifera and quadrate in T.

brasiliensis. The wings of T. cupulifera are broader than the wings of T. brasiliensis. The

species is known only from Chile.

Adult. Length of forewing: male 4.7–5.0 mm (n=5); female 5.0–5.3 mm (n=3).

Body, wings, and appendages nearly uniformly fuscous, tibia and tarsi yellowish brown.

Forewing (Fig. 3A) relatively broad, apex blunt; with retrorse setae along veins; Sc

incomplete, not reaching anterior margin; fork I emerging at or immediately beyond cord;

fork II emerging anteriorly to cord; forks III and IV longer than their stems; A3 forming

short loop, intersecting A2 basally; crossveins r, d, r-m, and m-cu present, forming a

relatively straight line, but with m-cu slightly basal to cord. Hind wing (Fig. 3B)

relatively broad; Sc converging with R1 near wing margin; fork II about 4 times longer

than its stem; fork III longer than its stem; crossveins r, r-m, and m-cu present.

Male genitalia (Fig. 5). Sternum VI (Fig. 5C) with thin, digitate mesal process,

projecting caudally. Abdominal segment IX (Fig. 5A) well developed dorsally and

laterally, but extremely reduced ventrally, forming very thin sclerotized strap; anterior

margin slightly rounded; tergum IX, in dorsal view (Fig. 5B), with posteromesal margin

triangular, covered with fine microtrichia; membranous connection between segments IX

and X distinct. Tergum X (Figs. 5A, 5B) covered with fine microtrichia; in lateral view
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(Fig. 5A), triangular, apex rounded, setose dorsally to ventrally, with acute ventromesal

process; in dorsal view (Fig. 5B), with lateral margins slightly sinuous; apex strongly

excavate medially. Phallobase (Figs. 5A, 5F) large and bulbous, projecting apicodorsally,

lightly sclerotized, with small, stout setae at posterior end, running transversally from

dorsum to venter; endotheca (Figs. 5A, 5D) membranous except for lightly sclerotized

sub-basal ring, greatly enlarged and tubular when evaginated, with 12 or 13 heavily

sclerotized conical, thorn-like spines with enlarged bases, each sitting within

membranous ovoid cupule (Figs. 5A, 5D, 5E).

Female genitalia (Fig. 6). Sternum V with slightly raised, sclerotized linear mesal

ridge running parallel to anterior and posterior margins. Sternum VI process associated

with strongly oblique apodeme. Segment VII normally developed. Abdominal segment

VIII synscleritous, more distinctly sclerotized along anterior margin, venter lightly

sclerotized, becoming membranous posteroventrally. Tergum IX lightly sclerotized.

Segment X, in lateral view, elongate, digitate; in dorsal and ventral views, bulbous,

bearing cerci.

Material examined: CHILE: Bío-Bío: Arauco, Pichinahuel, [ca. 37º47’52”S,

073º02’37”W], 1–30.i.1959, Peña — 1 male (holotype) (UMSP000115157) (NMNH);

Bío-Bío: Estero Pichinahuel, 2 km W Parque Nacional Nahuelbuta entrance, 37°47'52"S,

073°02'37"W, 1070 m, 11–12.ii.2005, Holzenthal, Blahnik, Chamorro — 1 female, 4

males (UMSP); Malleco: Cord. Nahuelbuta, Cabreria, [37º49’30”S, 073º01’00”W], 1100

m, 9–15.i.1977, Peña — 1 female (NMNH); same except 15–20.i.1977, Peña — 1 male

(NMNH).
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Distribution. Chile. This species occurs in the Cordillera Nahuelbuta region and

extends south to Valdivia based on records provided by Flint (1967).

Tolhuaca brasiliensis, new species

Figs. 4, 7, 8

This new species lacks the sclerotized conical endothecal spines found in T. cupulifera.

Tergum X is quadrate in lateral view, whereas in T. cupulifera it is triangular. Tergum X

is also shallowly excavate apicomesally, while it is deeply excavate in T. cupulifera.

Tolhuaca brasiliensis is about half the size of T. cupulifera and also has narrower wings.

The species is known only from southeastern Brazil.

Adult. Length of forewing: male 2.7–2.8 mm (n=2), female 2.7 mm (n=1). Body,

wings, and appendages nearly uniformly fuscous, tibia and tarsi yellowish brown.

Forewing (Fig. 4A) narrow, margins nearly parallel; with erect setae along Cu2; Sc

reaching anterior margin; fork I emerging beyond cord; fork II emerging at cord; forks III

and IV shorter than their stems; A3 gradually intersecting A2; crossveins r, d, r-m, and

m-cu faintly visible, forming nearly straight line. Hind wing (Fig. 4B) relatively narrow,

tappering slightly past anastomosis, subacute apically; Sc and R1 fused; fork II subequal

to its stem; fork III shorter than its stem; crossvein r-m faintly visible, r and m-cu absent.

Male genitalia (Fig. 7). Sternum VI (Fig. 7C) with somewhat thickened, basally

curved, mesal process, projecting downward. Abdominal segment IX (Fig. 7A) well

developed dorsally and laterally, but extremely reduced ventrally, forming very
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thinsclerotized strap; anterior margin broadly rounded; tergum IX, in dorsal view (Fig.

7B), with posteromesal margin rounded; membranous connection between segments IX

and X distinct. Tergum X (Figs. 7A, 7B) covered with fine microtrichia; in lateral view

(Fig. 7A), parallel sided, with broad lateral flange, setose apically and laterally, with

rounded apicoventral processes, apex subtruncate; in dorsal view (Fig. 7B), with lateral

margins nearly straight and subparallel; apex slightly excavate medially. Phallobase

(Figs. 7A, 7D) large and tubular, projecting apicodorsally, with basal extension and

apparent suture and constriction medially; lightly sclerotized, but rugose ventrally and

dorsally, with small, stout setae laterally and ventrally; endotheca (Figs. 7A, 7D) entirely

membranous, greatly enlarged and convoluted when evaginated, with 3 convoluted

tubular sclerites of varying lengths.

Female genitalia (Fig. 8). Sternum V with oblique, slightly raised, sclerotized

mesal linear ridge. Sternum VI process associated with slightly oblique apodeme.

Segment VII normally developed. Abdominal segment VIII synscleritous, anterior

margin membranous and receding ventrally, merging with intersegmental membrane,

posterodorsal and posteroventral margins distinct and lightly sclerotized. Tergum IX

lightly sclerotized. Tergum X, in lateral view, elongate, slightly bulbous; in dorsal and

ventral views, bulbous, bearing cerci.

Holotype male: BRAZIL: São Paulo: Parque Estadual de Campos do Jordão, 1st

order trib. to Rio Galharada, 22°41'40"S, 045°27'47"W, 1530 m, 14–16.ix.2002, Blahnik,

Prather, Huamantinco (UMSP000087908) (MZUSP). Paratypes: BRAZIL: same data as

holotype — 1 female (UMSP); same except Rio Galharada, 13–15.ix.2002, Blahnik,
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Prather, Melo, Huamantinco — 1 male (UMSP).

Distribution. Brazil. This species is known only from the type locality in the Serra

da Mantiqueira.

Etymology. Named for the type locality, in recognition of first species of the

genus Tolhuaca to be discovered in Brazil.

BIOGEOGRAPHICAL CONSIDERATIONS

Ross (1956) proposed 2 major protoptiline lineages, 1 represented by Itauara, which

occurs in central South America, and the other containing Matrioptila, from southeastern

North America. He hypothesized that the subfamily first arose in North America, and

dispersed quickly to South America, giving rise to the Itauara line (Ross 1956).

Therefore, the genus Itauara represented the base of an evolutionarily divergent clade,

and Matrioptila was an archaic remnant of an earlier, more widespread protoptiline

ancestor (Ross 1956). Based on the discovery of a protoptiline caddisfly occurring

outside of the New World, and of a genus perhaps more primitive than Matrioptila,

Marshall (1979) encouraged a re-examination of Ross’s North American center of origin

hypothesis. This evaluation of another primitive protoptiline, Tolhuaca, from southern

South America, is further incentive to revisit Ross’s hypothesis. However, until the

phylogeny of Protoptilinae is better understood through modern phylogenetic analysis,

we can only speculate on the evolutionary history of this group. Nonetheless, some
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observations regarding the biogeography of the genus Tolhuaca and possible implications

for protoptiline evolution are worthwhile.

The genus Tolhuaca is restricted to the southern region of South America and the

2 known species have disjunct, non-overlapping distributions (Fig. 9). Tolhuaca

cupulifera occurs in the Cordillera Nahuelbuta region of Chile, which has a temperate

climate, while T. brasiliensis is only known from the subtropical Serra da Mantiqueira

region of Brazil. Interestingly, this biogeographic pattern is congruent to that of the tree

genus Araucaria (Araucariaceae) which has a highly disjunct and recognizably trans-

Antarctic distribution: Chile, Argentina, southern Brazil, New Caledonia, Norfolk Island,

Australia, and New Guinea (de Laubenfels 1988). This distribution is well known in the

literature and is generally recognized to be the result of the Mesozoic geological break-up

of southern temperate Gondwana (Crisci et al. 1991, Sanmartín & Ronquist 2004).

Tolhuaca’s broadly disjunct distribution perhaps suggests that it is an isolated relict of a

more widespread protoptiline ancestor with an ancient southern Gondwana pattern.

Although we do not yet know the sister genus of Tolhuaca, if it follows this pattern, we

might expect to find related groups in the other Gondwanan regions.
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Figure 1. Tolhuaca cupulifera. Adult: dorsal view of head and thorax.
Figure 2. Tolhuaca cupulifera. Adult: (A) foretibial spur; (B) mesotibial spurs, at 
same scale for comparison.
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Figure 3. Tolhuaca cupulifera Schmid. Wings: (A) forewing; (B) hind wing.
Figure 4. Tolhuaca brasiliensis, new species. Wings: (A) forewing; (B) hind 
wing.
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Figure 5. Tolhuaca cupulifera Schmid. Male genitalia: (A) lateral; (B) dorsal; (C) 
process of sternum VI; (D) endotheca fully everted as observed in holotype; (E) 
detail of endothecal thornlike spines; (F) ventral view of phallobase.
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Figure 6. Tolhuaca cupulifera Schmid. Female genitalia: (A) lateral (B) dorsal; 
(C) ventral.
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Figure 7. Tolhuaca brasiliensis, new species. Male genitalia: (A) lateral; (B) 
dorsal; (C) process of sternum VI; (D) ventral view of phallobase.
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Figure 8. Tolhuaca brasiliensis, new species. Female genitalia: (A) lateral; (B) 
dorsal; (C) ventral.
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Figure 9. Distribution of Tolhuaca in southern South America. Triangle— 
Tolhuaca cupulifera Schmid; Circle—Tolhuaca brasiliensis, new species.
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Chapter V: The Neotropical caddisfly genus Canoptila

(Trichoptera: Glossosomatidae)

© 2006 Magnolia Press. Zootaxa 1272: 45-59.  Reprinted with permission.

SUMMARY

The caddisfly genus Canoptila Mosely (Glossosomatidae: Protoptilinae), endemic to

southeastern Brazil, is diagnosed and discussed in the context of other protoptiline

genera, and a brief summary of its taxonomic history is provided. A new species,

Canoptila williami, is described and illustrated, including a female, the first known for

the genus. Additionally, the type species, Canoptila bifida Mosely, is redescribed and

illustrated. There are three possible synapomorphies supporting the monophyly of

Canoptila: 1) the presence of long spine-like posterolateral processes on tergum X; 2) the

highly membranous digitate parameres on the endotheca; and 3) the unique combination

of both forewing and hind wing venational characters.

INTRODUCTION

The Atlantic Forest of southeastern Brazil is well known for its highly endemic flora and

fauna, and has been designated a biodiversity hotspot (da Fonseca 1985; Myers et al.

2000). The forest, consisting of tropical evergreen and semideciduous mesophytic

broadleaf species, originally covered most of the slopes of the coastal mountains and

extended from well inland to the coastline (Fig. 6) (da Fonseca 1985). Today it is the

most heavily populated region in Brazil and experts estimate that anywhere between less
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than 1–7.5% of original primary forest remains (da Fonseca 1985; Myers et al. 2000).

Despite this extreme deforestation, many new species and even new genera are still being

discovered in the region; approximately 300 new species of caddisflies from the region

await description at the University of Minnesota Insect Collection.

Based on current distribution records, 5 endemic caddisfly genera are known from

the Atlantic Forest: Barypenthus Burmeister 1839, Neoathripsodes Holzenthal 1989,

Anastomoneura Huamantinco & Nessimian 2004, Altarosa Blahnik 2005, and the focus

of this paper, Canoptila Mosely 1939.

Previously, the genus Canoptila contained a single species, C. bifida Mosely,

known only from Nova Teutônia, Brazil. As a result of a recent survey of southeastern

Brazil by researchers at the University of Minnesota in collaboration with colleagues at

the Pontifícia Universidade Católica de Minas Gerais and Universidade de São Paulo

Ribeirão Preto, a new species is described herein, including the first description of a

female for the genus. Additionally, C. bifida is redescribed and illustrated and a

discussion of the systematic position of the genus is included.

MATERIAL AND METHODS

Morphological terminology used for male genitalia has been adapted from Holzenthal &

Blahnik (2006) and Morse (1975;1988). For female genitalia, we use the terminology of

Nielson (1980). For setal warts of the head and thorax, terminology from Wiggins (1996)

is used. Terminology for wing venation follows that established by Robertson &

Holzenthal (2005). Procedures for specimen preparation, examination, and illustrations,
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as well as construction of species descriptions, followed those explained in detail by

Holzenthal & Andersen (2004). Each individual specimen examined, or lot of specimens

if preserved in alcohol, contains a barcode label with a unique 9 digit accession number

beginning with the prefix “UMSP.” The prefix is not meant to imply possession by the

University of Minnesota Insect Collection, but only to indicate that the specimen is

databased at that collection. Specimen barcode accession numbers are included in the list

of material examined for holotypes, but not for paratypes. A list of all specimens

examined for this study, including taxonomic, locality, collection, storage and individual

specimen barcode information can be accessed at the UMSP Trichoptera Biota®

database, www.entomology.umn.edu/museum/databases/BIOTAdatabase.html.

Types of the species described here and other material examined are deposited, as

indicated in the species descriptions, in the following institutions:

BMNH Natural History Museum, London, England

MZUSP Museu de Zoologia, Universidade de São Paulo, São Paulo, Brazil

NMNH National Museum of Natural History, Smithsonian Institution,

Washington, DC, USA

UMSP University of Minnesota Insect Collection, Saint Paul, Minnesota, USA

SYSTEMATICS

Position of Canoptila within the subfamily Protoptilinae

Canoptila Mosely, is a member of the saddle-, or tortoise-case making caddisfly
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family Glossosomatidae. Mosely (1939) first described the genus in Hydroptilidae, but

later transferred it to what he referred to as the “Protoptila group” in Glossomatinae,

which at that time was a subfamily within Rhyacophilidae (Mosely 1954). The

“Protoptila group” also included Antoptila Mosely 1939 (junior synonym of Itauara

Müller 1888), Mexitrichia Mosely 1937, Mortoniella Ulmer 1906, and Protoptila Banks

1904. In 1956, Ross elevated these allied genera to subfamily status, the Protoptilinae,

within Glossosomatidae. There are now 18 recognized protoptiline genera.

Several workers have discussed some possible relationships among protoptiline

genera (Angrisano 1993; Flint 1964; Ross 1956; Schmid 1990; Morse & Yang 1993;

Robertson & Holzenthal 2005, among others), but a phylogeny has yet to be published.

However, a few general observations can be made about the possible affinities of

Canoptila to other protoptiline genera.

Canoptila shares some derived characters with several other Protoptilinae genera.

In the forewing (Fig. 2A), Canoptila has lost apical forks IV and V and the A3 vein, and

Cu1 and Cu2 have fused above the wing margin forming a continuous vein. This

condition is also present in Itauara, Campsiophora Flint 1964, Cubanoptila Sykora 1973

(in Botosaneanu & Sykora 1973), and Mastigoptila Flint 1967. In the hind wing (Fig.

2B), Canoptila shares the loss of forks I, III, IV, and V, and the loss of A2 with the

genera Scotiotrichia Mosely 1934, Protoptila, and some species of Mexitrichia. On the

mesothorax of Canoptila (Fig. 1B), arising from beneath the tegula, are paired telescopic

glandular projections, that appear to be eversible. Culoptila Mosely 1954 has similar

structures, although much larger and “concertina-shaped,” indicating another possible

relationship with Canoptila, but it is unclear if these are indeed homologous structures.
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Further examination is needed to determine if any other protoptilines possess these novel

tegular structures. These characters suggest that Canoptila is perhaps most closely related

to the more derived protoptiline genera. A modern phylogenetic analysis of all

protoptiline genera will better help our understanding of these relationships.

There are 3 possible synapomorphies supporting the monophyly of Canoptila.

Firstly, is the presence of long spine-like posterolateral processes on tergum X. Secondly,

is the highly membranous digitate parameres on the endotheca. Primitively, parameres

are more elongate and rodlike (Schmid 1989); the condition observed in Canoptila,

highly membranous digitate parameres with the sclerotized apices, appears to be derived.

Finally, the unique combination of both forewing and hind wing venational characters, as

discussed above, is a possible synapomorphy of the genus.

Diagnosis of the genus Canoptila Mosely

Canoptila Mosely, 1939: 218 [Type species: Canoptila bifida Mosely 1939, original

designation].

The genus Canoptila can be identified by the general shape of tergum X, the pair of long

spine-like processes arising from the posterolateral margins of tergum X, and the paired,

highly membranous digitate parameres basoventrally on the endotheca of the male

genitalia. Forewing venation (Fig. 2A) of Canoptila is typical of many other protoptilines

in that Cu1 and Cu2 intersect one another, forming a somewhat continuous vein. The

genus is most similar in forewing venation to Campsiophora, Cubanoptila, Itauara, and
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Mastigoptila, based on the presence of apical forks I, II, and III, and the loss of A3 in the

forewing. However, Canoptila can be distinguished from these genera by the length of its

apical forks; fork I emerging at the cord and forks II and III emerging closer to the wing

apex. The hind wing venation of Canoptila is similar to the genera Campsiophora,

Cariboptila Flint 1964, and some species of Mexitrichia in that these genera all possess

apical fork II only, but differ in the anal veins: Canoptila has a single vein, whereas the

other genera have retained A2. The paired telescopic, glandular projections arising from

beneath the tegulae are reminiscent of similar structures in Culoptila. However in

Culoptila these structures are “concertina-shaped” (Mosely 1954) and appear to emerge

more posterolaterally, whereas in Canoptila they are tubular and anterior in position. The

two genera can also be easily differentiated based on their wing venation and male

genitalia.

Adult. Forewing length: male 2.5–3.0 mm; female 2.6–3.2 mm. Body, wings, and

appendages nearly uniformly fuscous or tawny-brown, tibia and tarsi yellowish brown.

Head (Fig. 1A) broader than long, vertex rounded, with large anteromesal setal wart, 2

pairs of suboval anterior setal warts, small oval posterior setal warts, and large

subtriangular posterolateral setal warts. Ocelli present. Antennal scape long, about 2x the

length of pedicel. Maxillary palps 5 segmented, 1st and 2nd segments short with elongate

setae apically; 2nd segment bulbous; last 3 segments each nearly same length as 1st and

2nd segments combined. Prothorax with 2 large subtriangular pronotal setal warts.

Mesothorax (Fig. 1B), with paired telescopic glandular structure arising basoventrally

from the tegula. This tegular structure was easily visible on 2 alcohol preserved

specimens of C. bifida; similar structures were observed on a single fully cleared
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specimen of C. williami, new species, but appeared to be fully invaginated, inside the

mesothorax and therefore quite difficult to see. Mesoscutum with 2 pairs of setal warts,

small anteromesal pair and suboval posterolateral pair; mesoscutellum sparsely setose.

Forewing (Fig. 2A) narrow, margins nearly parallel, apex oblique, with row of erect setae

slightly below Cu2. Forewing venation incomplete, apical forks I, II, and III present; fork

I emerging at cord; forks II and III shorter than their stems; Sc and R1 distinct along their

entire lengths; Sc reaching anterior margin; Cu1 and Cu2 intersecting near cord, forming

a seemingly continuous vein, apical part of Cu2 turning sharply downward to meet the

wing margin at or apicad of intersection; A3 absent; crossveins r, d, r-m, and m-cu

present, forming a relatively linear transverse cord. Hind wing (Fig. 2B) narrow, tapering

slightly past anastomosis, subacute apically; apical fork II present; Sc and R1 fused

basally; crossveins not visible. Tibial spurs 1,4,4, foretibial spur similar to other

protoptiline genera, being extremely reduced and hair-like as illustrated in Robertson &

Holzenthal (2005).

Male genitalia (Figs. 3,4). Sternum VI with thin digitate mesal process, associated

with weak, oblique apodeme posteriorly. Preanal and inferior appendages absent.

Abdominal segment IX well developed, with both tergum and sternum. Tergum IX fused

to tergum X. Tergum IX in lateral view, forming truncate ridge apicodorsally; in dorsal

view, posterior margin rounded or subtriangular, covered in fine microtrichia. Tergum X

emerging below ridge of tergum IX, apex rounded or subtruncate, setose dorsally,

apically, and ventrally, with pair of long spine-like processes arising from posterolateral

margin, directed inward; in dorsal view, bifid or subquadrate, anterior margin slightly

irregular. Phallocrypt extending from beneath tergum X to ventral region of segment IX,
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entirely membranous except for lightly sclerotized phallic shield where phallic apparatus

is attached. Phallobase reduced, lightly sclerotized, with paired row or patches of setae

ventrolaterally. Endotheca membranous, basoventrally bearing pair of membranous

digitate processes with sclerotized or asperous apices (based on their position arising

from the endotheca and preceding the phallicata, these structures are hypothesized to be

homologous to parameres). Endophallus highly membranous, enlarged and convoluted

when evaginated, bearing 1 to several pairs of large, pointed, sclerotized processes,

lightly sclerotized apically or with terminal sclerite.

Female genitalia (Fig. 5). Truncate posteriorly. Sternum VI process thin,

projecting caudally, without apparent associated apodeme. Abdominal segment VIII

syncleritous, relatively short. Segments IX and X closely associated, with pair of small

digitate cerci dorsolaterally.

Comments

The female is known only from C. williami, new species, so it is unclear as to

whether female characters identified here are species specific or typical of the genus.

Included species

Canoptila bifida Mosely, Canoptila williami, new species.
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SPECIES DESCRIPTIONS

Canoptila bifida Mosely

(Figs. 1–3)

Canoptila bifida Mosely, 1939: 218 [Type locality: Brazil, Santa Catarina, Nova

Teutônia; BMNH; male].

Canoptila bifida can be distinguished from C. williami, new species, by the shape of

abdominal segment IX, which is much broader laterally. Tergum X is triangular in lateral

view in C. bifida and quadrate in C. williami. In C. bifida, tergum X is also bifid in dorsal

view, while it is subquadrate in the new species. The dorsomesal processes on the

endotheca are much more heavily sclerotized and prominent in C. bifida than in C.

williami, while the basolateral digitate parameres are smaller. In the forewing of C.

bifida, the apical part of Cu2 turns sharply downward to meet the wing margin at the

intersection of Cu1 and Cu2, whereas in C. williami, it turns down distad of this

intersection.

Adult male. Length of forewing: 2.7–3.0 mm (n=4). Body, wings, and appendages

tawny, legs and base of antennae yellowish brown. Wings (Figs. 2A, 2B) as detailed in

the generic diagnosis.

Male genitalia (Fig. 3). Sternum VI (Fig. 3A) with thin, digitate mesal process,

projecting caudally. Abdominal segment IX (Fig. 3B) broadest laterally, anterior margin

sinuous. Tergum IX in lateral view (Fig. 3B), with anterior margin sinuous, forming
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truncate ridge apicodorsally; in dorsal view (Fig. 3C), with posterior margin rounded,

covered in fine microtrichia. Tergum X in lateral view (Fig. 3B), triangular, ventral

margin smooth, sloping downward, setose dorsally, apically, and ventrally, apex rounded;

in dorsal view (Fig. 3C), bifid, lightly sclerotized laterally, membranous mesally, with

pair of long spine-like processes arising from posterolateral margin at right angle, curved

inward. Phallocrypt (Fig. 3B) extending from beneath tergum X to ventral region of

segment IX, entirely membranous except for lightly sclerotized phallic shield where

phallic apparatus is attached. Phallobase (Figs. 3B, 3D) reduced, lightly sclerotized, with

paired row of setae ventrolaterally. Endotheca (Figs. 3B, 3D) membranous, basoventrally

bearing pair of small, membranous digitate parameres with small apical sclerite.

Endophallus (Figs. 3B, 3D) highly membranous, enlarged and convoluted when

evaginated; dorsomesally bearing pair of large, heavily sclerotized, bifid processes, their

apices acute, in addition to pair of smaller, lightly sclerotized processes; single terminal

sclerite at apex.

Female unknown.

Material examined: BRAZIL: Santa Catarina: Seara (Nova Teutônia), 27°11'00"S,

052°23'00"W, 300–500 m, 1.xii.1937, Plaumann—1 male (holotype) (UMSP000107591)

(BMNH); same except 1.i.1963, Plaumann—2 males (NMNH); same except 1.x.1964,

Plaumann— 1 male (NMNH).

Distribution. Brazil. This species is known only from the Atlantic Forest in southeastern

Brazil.
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Canoptila williami, new species

(Figs. 4,5)

Abdominal segment IX in Canoptila williami is narrower laterally and ventrally than in

C. bifida. Tergum X in lateral view is quadrate in C. williami and triangular in C. bifida.

In the new species tergum X is subquadrate in dorsal view while it is bifid in C. bifida.

On the endotheca, C. williami has larger parameres, and smaller, less sclerotized

dorsomesal processes than C. bifida. In the forewing of C. williami, the apical part of Cu2

turns sharply downward to meet the wing margin apicad of the intersection of Cu1 and

Cu2, instead of at the intersection as in C. bifida.

Adult. Length of forewing: male 2.5–3.0 mm (n=5); female 2.6–3.2 mm (n=4).

Body, wings, and appendages nearly uniformly fuscous, tibia and tarsi yellowish brown.

Wings (Figs. 2A, 2B) as detailed in the generic diagnosis, except apical part of Cu2,

turning sharply down to meet the wing margin apicad of the intersection of Cu1 and Cu2.

Male genitalia (Fig. 4). Sternum VI (Fig. 4A) with thin, digitate mesal process,

projecting caudally. Abdominal segment IX (Fig. 4B) well developed dorsally, narrow

laterally and ventrally, anterior margin nearly straight. Tergum IX in lateral view (Fig.

4B), with anterior margin straight, forming truncate ridge apicodorsally; in dorsal view

(Fig. 4C), posterior margin subtriangular, covered in fine microtrichia. Tergum X in

lateral view (Fig. 4B), quadrate, posterior and ventral margins irregular, setose dorsally,

apically, and ventrally, apex subtruncate; in dorsal view (Fig. 4C), subquatrate, slightly

irregular, with pair of long, straight, spine-like processes arising from posterolateral

margin and forming an apparent articulation, directed inward. Phallocrypt (Fig. 4B)
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extending from beneath tergum X to ventral region of segment IX, entirely membranous

except for lightly sclerotized phallic shield where phallic apparatus is attached.

Phallobase (Figs. 4B, 4D) reduced, lightly sclerotized, with paired patches of setae

ventrolaterally. Endotheca (Figs. 4B, 4D) membranous, basoventrally bearing pair of

large, membranous digitate parameres with large globular, asperous apices. Endophallus

(Figs. 4B, 4D) highly membranous, enlarged and convoluted when evaginated;

apicomesally, bearing single pair of sharply pointed, sclerotized processes; apicodorsally,

bifid, with membranous upper lobe, lightly sclerototized lower lobe.

Female genitalia (Figs. 5A & 5B). Sternum VI with thin digitate mesal process,

projecting caudally. Tergum VI and VII with patches of long, bristle-like setae

posteriorly. Abdominal segment VIII synscleritous, relatively short. Segments IX and X

closely associated to the point that their boundaries cannot be discerned with any

certainty, with pair of small digitate cerci dorsolaterally. Genital chamber lightly

sclerotized, short, extending to anterior end of segment VIII, with pair of membranous

lobes ventrally. Vaginal apparatus sclerotized; in lateral view (Fig. 5A), suboval, with

slender process at posterior end extending into genital chamber; in ventral view (Fig. 5B),

convex and keelshaped,

with rectangular posterior end and subtriangular anterior end.

Comments

Based on the presence of long spine-like posterolateral processes on tergum X,

membranous digitate parameres, and nearly identical wing venation as the type species,

this new species is placed in Canoptila.
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Holotype male: BRAZIL: São Paulo: Parque Estadual Intervales, Riacho at

Poços Altos, 24°18'20"S, 048°20'52"W, 830, 28 Sep 2002, Blahnik, Prather, Melo, Calor

(UMSP000087912) (MZUSP).

Paratypes: Brazil: Parana: Rio Mãe Catira, 10 km N Porto de Cima,

25°21'49"S, 048°52'28"W, 200, 8–9.xii.1997, Holzenthal & Huisman)—2 males, 2

females,(UMSP), 1 male, 1 female (NMNH), 1 male, 1 female (MZUSP).

Distribution. Brazil. This species is known only from the Atlantic Forest in

southeastern Brazil.

Etymology. Named in loving memory of William C. Robertson, M.D., the senior

author’s paternal grandfather.
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Figure 1. Canoptila bifida Mosely (UMSP000210904). Adult: (A) dorsal view of 
head; (B) dorsal view of mesothorax.
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Figure 2. Canoptila bifida Mosely—holotype (UMSP000107591). Wings: (A) 
forewing; (B) hind wing.
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Figure 3. Canoptila bifida Mosely (composite of UMSP000210904 & 
UMSP000211376). Male: (A) process of sternum VI, lateral; (B) genitalia, lateral; 
(C) genitalia, dorsal; (D) genitalia, ventral. Abbreviations: ap.scl. = apical sclerite; 
crypt = phallocrypt; enph. = endophallus; enph. pr. = endophallic process; enth. = 
endotheca; phb = phallobase; phc. = phallicata; pmr. = paramere; pr.t. X = process of 
tergum X; stn. IX = sternum IX; t. IX = tergum IX; t. X = tergum X.
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Figure 4.  Canoptila williami, new species (UMSP000087912).  Male: (A) 
proces of sternum VI; (B) genitalia, lateral; (C) genitalia, dorsal; (D) genitalia, 
ventral.
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Figure 5. Canoptila williami, new species. (UMSP000029632). Female genitalia: 
(A) lateral, (B) ventral.
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Chapter VI:  Two new species and a new record of Protoptila from Bolivia

(Trichoptera: Glossosomatidae: Protoptilinae)

© 2008 Entomological Society of America. Annals of the Entomological Society of
America 101: 465-473.  Reprinted with permission.

SUMMARY

The caddisfly genus Protoptila (Trichoptera: Glossosomatidae: Protoptilinae) has never

before been recorded from Bolivia. Protoptila dubitans Mosely 1939 is now reported

from Bolivia for the first time. Additionally, two new species from Bolivia, P. diablita

and P. julieta are described. Protoptila julieta is most closely related to P. misionensis

Flint 1972. Protoptila diablita is the first known species in the genus to possess scale-like

setae. These scales are hypothesized to aid in the dispersal of male sex pheromones.

INTRODUCTION

The caddisfly genus Protoptila Banks 1904 is the largest member of the subfamily

Protoptilinae and currently contains 91 described species. The genus is widespread

throughout the Americas, but it reaches its greatest diversity in the Neotropics where >77

species occur. Adults are often present in large numbers at blacklights, but they have

been neglected by collectors, perhaps because of their small size (<5 mm). In recent

years, many new species have been described from Mexico, Panama, and Costa Rica

(Bueno-Soria et al. 2004, Holzenthal and Blahnik 2006). Although Protoptila is now



356

known from virtually every country in Latin America, it has never been recorded from

Bolivia (Flint et al. 1999). This is not necessarily representative of the true Bolivian

caddisfly diversity, but rather it is a reflection of how poorly the country has been

collected. In this article, we describe two new Protoptila species, P. diablita and P.

julieta. P. diablita possesses conspicuous setae modified into scales, the first recorded

incidence for the genus. We present a brief overview of the occurrence of scales in

Trichoptera and their possible functional significance and phylogenetic usefulness in

Protoptilinae. Additionally, we report a new record for P. dubitans Mosely 1939.

MATERIALS AND METHODS

Specimens were collected during two expeditions to Bolivia in July 2003 and November

2004. Adults were collected primarily at night near the edge of streams and rivers using a

UV light and a bed sheet. The insects were collected directly from the sheet into KCN

kill jars and mounted on minutens the following day. Other adjunct collecting methods

included the use of UV pan-traps and a Malaise trap. Additional material was borrowed

from the National Museum of Natural History, Smithsonian Institution. Specimen

preparation and examination followed the procedures outlined in detail by Blahnik and

Holzenthal (2004) and Holzenthal and Andersen (2004). Pencil sketches of specimens

were made using a drawing tube and Olympus BX41 compound microscope and digitally

inked using Adobe Illustrator CS3 (Adobe Systems, Mountain View, CA). A single

pinned specimen was sputter-coated with gold and examined using a Hitachi S3500N

variable pressure scanning electron microscope. Morphological terminology for male
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genitalia follows that of Holzenthal and Blahnik (2006). Each individual specimen or lot

of alcohol specimens examined received a barcode label with a unique nine-digit

alphanumeric code starting with the prefix UMSP. This pre?x indicates that the specimen

has been databased at the University of Minnesota Insect Collection (UMSP), and it is

not meant to imply possession by UMSP. In this article, barcode numbers are reported

only for holotypes; however, all specimens examined, including paratypes, have been

databased. Specimen-level taxonomic, locality, and other information, including all

individual barcode numbers, are stored in the software program Biota, The Biodiversity

Database Manager (Colwell 2007), and they can be accessed at

http://www.entomology.umn.edu/museum/databases/BIOTAdatabase.html. Types and

other material examined are deposited in the University of Minnesota Insect Collection,

St. Paul, MN, USA (UMSP); the National Museum of Natural History, Smithsonian

Institution, Washington, DC, USA (NMNH); and the Museo de Historia Natural Noel

Kempff Mercado, Santa Cruz de la Sierra, Bolivia (UASC).

SPECIES ACCOUNTS

Protoptila diablita, new species

(Figs. 1-4)

Type Material.

HOLOTYPE: male (pinned). BOLIVIA: La Paz: ANMI [Área Natural de Manejo

Integrado] Madidi, Raya Mayo river at Wabacuro trail, Chalalan Ecolodge, 14º 26’ 33” S,
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067º 54’ 39” W, 351 m, 28-VII-2003, Robertson and Blahnik (UMSP000086363)

(UASC).

PARATYPES: BOLIVIA: La Paz: Abel Itturalde, Hacienda Chiquitos, Arroyo

Chiquitos, San Buenaventura-Ixiamas road, km 23, 14º 20’ 05” S, 067º 42’ 12” W, 284

m, 23-VII-2003, Robertson and Blahnik– one male (gold-coated for scanning electron

microscopy [SEM]) (UMSP); Abel Itturalde, Arroyo Maije at Puente Maije bridge on

San Buenaventura-Ixiamas road, 14º 20’ 54” S, 067º 40’ 32” W, 278 m, 14-VII-2003,

Robertson and Blahnik – one male (pinned) (UMSP); ANMI Madidi, Raya Mayo river at

Anta trail, Chalalan Ecolodge, 14_ 26_ 08_ S, 067_ 55_ 46_ W, 264 m, 26-VII-2003,

Robertson and Blahnik – one male (pinned) (UMSP); ANMI Madidi, Arroyo Bacuatra

Grande, Comunidad San Miguel de la Bala, 14º 30’ 44” S, 067º 31’ 23” W, 280, 17–19-

VII-2003, Robertson, Blahnik, Apaza – one male (pinned) (UASC); Santa Cruz: PN &

ANMI [Parque Nacional & Área Natural de Manejo Integrado] Amboró , Guarda Parque

Mataracú , Confluence of Quebrada Verde Uno y Dos, 17º 33’ 11” S, 063º 52’ 09” W,

371 m, 23-XI-2004, Robertson, Garcia, Vidaurre – two males (in alcohol) (UMSP); PN

& ANMI Amboró , Guarda Parque Mataracú , Q. Verde Uno, 17º 33’ 14” S, 063º 52’ 09”

W, 374 m, 19–23-XI-2004, Robertson, Garcia, Vidaurre – two males (UMSP), one male

(UASC), one male (NMNH) (in alcohol).

Diagnosis.

This new species is easily recognized by the distinct, greatly enlarged anterior setal warts

on the dorsum of the head and the conspicuous yellowish brown scales on the head,

thorax, and basal half of the wings. In the male genitalia, it is most similar to P. bribri
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Holzenthal & Blahnik 2006 (Costa Rica), P. colombiensis Flint 1974 (Colombia), P.

ixtala Mosely 1937 (Mexico, Honduras, Guatemala, and Costa Rica), and P. orotina Flint

1974 (Costa Rica, Panama, and Colombia), which have similarly shaped parameres,

rather simple-shaped basal and apical sections of tergum X, and an elongate sternum

VIII. P. diablita differs from these species by the shape of the phallicata, which is much

less angularly bent. The paramere spine of P. diablita is also much smaller than in those

species. P. diablita also displays some similarity to P. piacha Mosely 1954 (Mexico) but

in P. diablita, tergum X is more truncate, the apex of the phallus has diverging

apicodorsal sclerotized ridges, and the paramere spine is much shorter.

Description

(Adult Male Only; Female Unknown).

Length of forewing: 3.5–4.0 mm (n =11). Forewing densely covered with yellowish

brown scales along basal half of posterior margin (Fig. 3D), apical half with light brown

setae, with transverse bar of whitish setae along cord, and several small patches of

whitish spots along apical margin. Hind wing with yellowish brown scales along basal

two-thirds of posterior margin. Foreleg coxae yellowish, tibiae and tarsi covered with

yellowish brown scales. Middle and hind legs yellowish with dark brown setae. Head

(Figs. 1, 2, and 3A–C) broader than long, vertex densely covered with yellowish brown

scales, with large frontal wart (Figs. 1 and 2A) covered with elongate scales, large

anteromesal setal wart (Figs. 1 and 2B) with short scales, pair of extremely enlarged,

stalk-like anterior setal warts (Figs. 1, 2, and 3A and B) (indistinguishable from posterior

warts) with short scales, and large subquadrate posterolateral setal warts (Figs. 2 and 3A
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and C) with elongate scales. Ocelli present. Antennal scape (Figs. 1, 2, and 3A) with

elongate scales anteriorly, shorter scales posteriorly, pedicel and flagellum densely

covered with short scales. Maxillary palpi (Figs. 1 and 2A) five segmented, first and

second segments with elongate scales apically; second segment bulbous; last three

segments with shorter scales interspersed with setae, and enlarged, irregularly shaped

pores. Labial palpi (Figs. 1 and 2A) with shorter scales interspersed with setae, with

enlarged, irregularly shaped pores on second segment. Prothorax with two large pronotal

warts, covered in elongate scales. Mesothorax (Fig. 3A) with large tegula with elongate

scales. Mesoscutum with pair of large, subtriangular anteromesal setal warts covered with

short scales, and small suboval posterolateral pair with elongate scales; mesoscutellum

with short scales. Forewings narrow, margins nearly parallel, apex oblique, with row of

erect setae approximately halfway between Cu2 and A1. Forewing venation incomplete,

apical forks I, II, and III present. Hind wings narrow, abruptly narrowed past

anastomosis, subacute apically, apical fork II present.

Male genitalia (Fig. 4). Sternum VI process relatively short, slightly curved,

subtriangular, apically subacute. Tergum VIII (Fig. 4A) posterior margin with row of

elongate setae; sternum VIII (Figs. 4A and B) strongly produced ventrally, narrowed,

weakly emarginate but not bifurcate apically. Segment IX (Fig. 4A) with anterolateral

margins broadly rounded; sternum IX (Figs. 4A and B) medially produced posteriorly,

partially fused to lateral margins of VIII, long, narrow, slightly emarginate apically, with

pair of apical setae; posterolateral margins of segment IX without processes. Preanal

appendages absent. Tergum X (Fig. 4A) divided mesally to form sclerotized lateral parts

with basal and apical sections; basal section subquadrate, about as long as wide, apical
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section longer than basal section, nearly uniform in width, slightly angularly bent from

base, apex truncate. Phallobase (Fig. 4C) dorsally with large, semicircular, laterally

compressed apodeme; ventrally with pair of short, rodlike, articulated appendages with

apical setae, appendages fitting into sclerotized pockets on ventral margin of phallobase;

posteroventral margin of phallobase with short, paired, upturned, apically acute basal

processes and also dorsolateral processes; dorsolateral processes very short, straight,

acute; parameres elongate, membranous basally, becoming slightly sclerotized apically in

concertina-shaped coil, paramere spines short, acute apically; phallicata elongate, narrow,

arched near middle, apex enlarged, with diverging apicodorsal sclerotized ridges;

endophallus reduced, not noticeably everted; phallotremal sclerite lightly sclerotized,

indistinct.

Distribution. Presently known only from La Paz and Santa Cruz departments of Bolivia.

This species was collected near small to medium-sized, clear streams in tropical lowland

rain forest at altitudes ranging from 264 to 371 m.

Etymology. Diablita is the Spanish word for “little devil,” and refers to the prominent

horn-like anterior setal warts on the dorsum of the head.

Discussion.

Trichoptera are the well established monophyletic sister order to Lepidoptera, together

comprising the clade Amphiesmenoptera, literally “garment wings,” referring to the

clothing of scalesor hairs on the wings (Kristensen 1984, Grimaldi and Engel 2005). As
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the order’s name implies, Trichoptera are known to possess generally the more primitive

character state, having hairs, rather than scales. Despite this, the presence of scales has

arisen independently several times in various Trichoptera lineages. Perhaps the earliest

account of scales in Trichoptera was in the aptly named limnephilid Monocentra

lepidoptera Rambur (1842). Betten (1934) later described “clublike and flatter striate

scales” found along the “groove or furrow extending longitudinally through the wings” of

certain Hydroptilidae, Sericostomatidae, Molannidae, Rhyacophilidae, and Leptoceridae.

More recently, wing scales have been reported also in the families Conoesucidae,

Goeridae, Helicopsychidae, Lepidostomatidae, and Limnephilidae (Moretti and

Bicchierai 1979, Moretti et al. 1979, Moretti and Bicchierai 1981, Denning 1982,

Botosaneanu and Flint 1991, Ward and McKenzie 1998). Scales also have been found on

the antennae, maxillary palpi, head vertex, legs, and abdomens of certain Trichoptera

(Mosely 1923, Wells 1984, Weaver 1988, Botosaneanu 1991, Botosaneanu and Flint

1991, Holzenthal and Strand 1992). Although superficially similar, the scales of

Lepidoptera and Trichoptera are not homologous: the longitudinal ridges of caddisfly

scales lack flutes, the presence of which is considered to be an apomorphy for

Lepidoptera (Huxley and Barnard 1988).

Several functions of caddisfly scales have been hypothesized. In Leptoceridae,

scales occur on both males and females and are thought to be involved in intraspecific

communication or protection from predators (Huxley and Barnard 1988). In most other

families, scales occur almost exclusively on males, and they are generally considered to

function in mating activities, likely due to the nonreproductive activities are limited in

most adult caddisflies (Wells 1984, Solem and Solem 1991). Females are known to
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produce sex pheromones, and several studies have demonstrated their ability to attract

males from long distances (Kelner-Pillault 1975, Resh and Wood 1985, Solem 1985,

Solem and Solem 1991; Houghton 2002). Scale-like setae on male caddisflies may act as

sensilla for detecting these pheromones. Wells (1984) found that in hydroptilids, flatter

sensilla with corrugated surfaces, which she termed sensilla auricillica, were more

abundant and diverse in males. These sensilla stained positively with crystal violet, a

standard test for detecting chemosensilla; therefore, they probably serve an olfactory

function as opposed to mechanoreception.

Scales in Trichoptera also have been linked to the production and dispersal of

male sex pheromones in the form of androconial organs. Androconial organs are

modified scales in the wings, antennae, and abdomen associated with glandular cells that

produce aphrodisiac pheromones (Boppré 1984). Scales provide a large surface area for

the evaporation of pheromones or may protect underlying glandular organs (Boppré

1984). Some Trichoptera have developed complex “double” androconial systems, with

pairs of organs occurring on different parts of the body (Botosaneanu 1991, Botosaneanu

and Flint 1991). These scent-distributing organs may be separate from scent-secreting

tissues (Boppré 1984).

Because adult protoptiline behavior has not been well studied, one can only

speculate on the function of the scales occurring in P. diablita. Although we collected

numerous protoptiline females, we were unable to associate definitively any specimens to

this new species, because two other Protoptila species were present at the same localities.

However, of the hundreds of female Protoptila collected, not a single specimen possessed

any sign of scales, indicating that they are probably sexually dimorphic in this character.
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Scales might serve as a visual cue to females for mate recognition, the enlarged anterior

setal warts on the dorsum of the head making them even more conspicuous. The scales

may even have reflective properties or increased visibility in the UV range; many groups

of insects are known to be visually sensitive to UV wavelengths (Chapman 1998). It is

also very likely that these setae function as androconial organs. Without examination

using transmission electron microscopy, it is difficult to positively identify underlying

glandular tissue; however, we did observe enlarged pores on the maxillary and labial

palpi. These pores may be involved in active secretion or diffusion of pheromone and the

scales present on the anterior half of the insect may aid in its dispersal.

To the best of our knowledge, scales have never before been reported in

Protoptila. However, in the closely related protoptiline genus Mexitrichia, scales are

known to occur on the forewing and hind wing of M. atenuata Flint 1963, M. leei Flint

1974, and M. velasquezi Flint 1991. Based on male genitalic morphology, M. atenuata

and M. leei seem to be closely related (Flint 1974), and the presence of scales in both

species may provide additional character support for this relationship. Flint (1991)

suggested that M. velasquezi might be related to M. leei based on presence of scales,

although the male genitalia of these species are not very similar. Apart from lending

support to the relationships of these Mexitrichia species, the phylogenetic value of scales

in Protoptilinae is rather limited, because their occurrence is rare and scattered. We

observed the scales of M. velasquezi with SEM, and we found their morphology to be

quite different from that of P. diablita. In the type species of the genus Nepaloptila,

described from Nepal, Kimmins (1964) noted that the dorsal surface of the pronotum was

“densely covered with erect, blackish, scale-like hairs,” but he did not mention the
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presence of any wing scales. However, Malicky and Chantaramongkol (1992) reported

the occurrence of scales on the wings, but not the pronotum, of three additional known

Nepaloptila species from Thailand. Similarly, Malicky and Chantaramongkol (1992)

observed wing scales in three species of Padunia Martynov from Thailand, yet the

presence of these scales has not been reported on the remaining Padunia species from

Japan, Korea, and Russia, including the type species (Martynov 1910, 1929, 1934;

Kagaya and Nozaki 1998). The genera Nepaloptila and Padunia are primitive members

of the subfamily and thus not closely related to either Protoptila or Mexitrichia (Kimmins

1964, Robertson and Holzenthal 2005). Although scales may offer support for the

monophyly of some genera or groups of species, their presence in the Protoptilinae seems

to be convergent. Even within Padunia they do not occur on all species and in

Nepaloptila they occur on the pronotum of the type species, but on the wings of other

species. In her detailed study of antennal structures in Hydroptilidae, Wells (1984)

similarly concluded that scales are homoplastic, and probably arose independently on a

number of occasions.

Protoptila dubitans Mosely 1939

Protoptila dubitans Mosely 1939: 221 [type locality: Brazil, Santa Catarina, Nova

Teutonia; BMNH; male]. –Mangeaud, 1996: 154 [distribution].

This species was originally described from Santa Catarina province of Brazil and

adequately illustrated by Mosely (1939, figs. 139–142). Additional records were reported
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from the Gran Chaco region of Argentina (Mangeuad 1996). We collected specimens

from La Paz and Santa Cruz departments of Bolivia at elevations from 284 to 371 m.

Material Examined.

BOLIVIA: La Paz: Abel Itturalde: Hacienda Chiquitos, Arroyo Chiquitos, San

Buenaventura-Ixiamas road, km 23, 14º 20’05’”S, 067º 42’12” W, 284 m, 23-VII-2003,

Robertson and Blahnik – one male (pinned) (UMSP); Arroyo Maije at Puente Maije

bridge on San Buenaventura-Ixiamas road, 14º 20’54”S, 067º 40’ 32” W, 278 m, 14-VII-

2003, Robertson and Blahnik – two males (UMSP), one male (UASC) (pinned); Santa

Cruz: PN & ANMI Amboró, Guarda Parque Mataracú , Confluence of Quebrada Verde

Uno y Dos, 17º 33’ 11” S, 063º 52’ 09” W, 371 m, 23-XI-2004, Robertson, Garcia,

Vidaurre – one male (UMSP) (in alcohol).

Protoptila julieta, new species

(Fig. 5)

Type Material.

HOLOTYPE: male (pinned). BOLIVIA: Cochabamba: Paracticito, R. San Rafaél,

Pte. “Panchito,” nr. P.N. Carrasco station, 17º 03’39”S, 065º 28’58”W, 438 m, 9–10-XI-

2004, Robertson, Garcia, Vidaurre (UMSP000086371) (UASC).

PARATYPES: ARGENTINA: Salta: Río Pescado, W. Orán, 14-X-1973, Flint,

O.S., Jr. – one male (NMNH) (pinned); Tucumán: Río Tipas, San Pedro de Colacao,

1,067 m, 16-I-1969, W.L. & J.G. Peters – one male (NMNH) (in alcohol); BOLIVIA:
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Cochabamba: Paracticito, R. San Rafaél, Pte. “Panchito,” nr. P.N. Carrasco station, 17º

03’39”S, 065º 28’58” W, 438 m, 9–10-XI-2004, Robertson, Garcia, Vidaurre – seven

males (UMSP) (pinned), one male (in alcohol) (UMSP); Santa Cruz: PN & ANMI

Amboró , Guarda Parque Mataracú , Q. Verde Uno, 17º 33’ 14” S, 063º 52’ 09” W, 374

m, 19–23-XI-2004, Robertson, Garcia, Vidaurre – four males (UASC) (in alcohol);

PERU: Huanuco: Tingo Maria, 672 m, 1–6-II-1980, Heppner, J.B.– 18 males (NMNH)

(in alcohol).

Diagnosis.

This species is closely related to P. misionensis Flint 1972 described from Argentina. It

differs by the shape of sternum VIII, which is more elongate and curved in this new

species (Fig. 5A) than in P. misionensis (Fig. 5F). Also, in the new species the pair of

broad, downturned processes from the apicoventral margin of the phallicata are very

prominent, heavily sclerotized, and subtriangular (Fig. 5C), whereas in P. misionensis

(Fig. 5E) these processes are round, less sclerotized, and with a small apical tooth.

Finally, the new species can be distinguished from P. misionensis (Fig. 5D) based on the

shape of the apical section of segment X (Fig. 5A). P. julieta has shorter and less sharply

bent processes basolaterally, a less pronounced pair of ventrolateral spine-like processes,

and a truncate apex.

Description (Adult Male Only; Female Unknown).

Length of forewing: 3.6–4.0 mm (n = 33). Forewing color dark brown, with indistinct

transverse bar of whitish setae along cord and a few whitish apical spots. Body and
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appendages yellowish brown with dark brown hairs interspersed with lighter yellowish

hairs. Forewings narrow, margins nearly parallel, apex oblique, with row of erect setae

approximately halfway between Cu2 and A1. Forewing venation incomplete, apical forks

I, II, and III present. Hind wings narrow, abruptly narrowed past anastomosis, subacute

apically, apical fork II present. Male genitalia (Fig. 5). Sternum VI process relatively

short, slightly curved, subtriangular, apically acute. Tergum VIII (Fig. 5A) with row of

elongate setae with attenuate, curved apices posteriorly, posterior margin membranous;

sternum VIII (Figs.5A and B) strongly produced ventrally, distinctly bifurcate apically,

branches acute apically, broad basally, moderately elongate. Segment IX (Fig. 5A) with

anterolateral margin broadly rounded; sternum IX slightly produced posteriorly, broad in

ventral view, slightly emarginate apically; posterolateral margins of segment IX with

long, narrow processes, strongly bowed upward and outward from base in lateral view,

converging apically, apices attenuate. Preanal appendages absent. Tergum X (Fig. 5A)

divided mesally to form sclerotized lateral parts with basal and apical sections; basal

section subquadrate, about as long as wide, apical section longer than basal section, with

pair of elongate, basolateral processes extending laterad basally then strongly angularly

bent dorsad and curving ventrally; ventrolaterally with pair of strong spine-like processes

directed inward, apex truncate. Phallobase (Fig. 5C) dorsally with large, semicircular,

laterally compressed apodeme; ventrally with pair of short, rodlike, articulated

appendages with apical setae, appendages fitting into sclerotized pockets on ventral

margin of phallobase; posteroventral margin of phallobase with short, paired, upturned,

apically acute basal processes and also dorsolateral processes; dorsolateral processes

very short, straight, acute; paramere absent; phallicata short, wide basally in lateral view,
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with prominent pair of broad, downturned subtriangular processes from the apicoventral

margin; endophallus membranous, enlarged when everted; phallotremal sclerite spinelike,

sinuous, sclerotized apically, somewhat divided basally.

Distribution. Presently known from Cochabamba and Santa Cruz departments of

Bolivia, Tucumán and Salta provinces of Argentina, and Huanuco province of Peru.

These areas correspond to the Amazonian and Yungas biogeographical regions of

Cabrera and Willink (1980).

Etymology. We are pleased to name this species for Julieta Ledezma, Head of

Entomology, Museo de Historia Natural Noel Kempff Mercado, Santa Cruz, Bolivia.

Discussion.

Dr. Oliver Flint, Jr., Smithsonian Institution, kindly loaned us multiple specimens of P.

misionensis collected from areas near the type locality in Misiones province, Argentina

(Arroyo Coati, 15 km east of San Jose; Arroyo Saura, 9 km north of Leandro N. Alem) as

well as material from Brazil (Sao Paulo, Piracicaba; Paraná, Foz do Iguacu National

Park) and Paraguay (Rio Aquidaban, Cerro Cora) to compare with our new species.

Although P. misionensis and P. julieta are quite similar, the differences in genitalic

morphology, as compared in the diagnosis, remain constant and distinct among different

localities and there is no overlap between the two species. Protoptila julieta occurs in the

Amazonian and Yungas regions, whereas P. misionensis is known from the Paranensis

biogeographical region of Cabrera and Willink (1980).
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Figure 1. Protoptila diablita, new species. Frontal view of adult male head (left 
antennal scape removed).
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Figure 2. Protoptila diablita, new species. Adult male head.
(A) Lateral view. (B) Dorsal view.
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Figure 3. Protoptila diablita, new species. (A) Dorsolateral overview of scales on 
antennae, head, thorax, and base of wings. (B) Dorsolateral view of enlarged anterior 
setal wart on head. (C) Dorsolateral view of posterolateral setal warts on head. (D) 
Dorsolateral view of basal portion of forewing showing scale pattern.
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Figure 4. Protoptila diablita, new species. Male genitalia. (A) Lateral view of 
genital capsule, phallic apparatus removed. (B) Ventral view of sterna VIII and 
IX. (C) Lateral view of phallic apparatus. Left inset is ventral view of apex of 
phallus; right inset is enlarged lateral view of apex of phallus.
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Figure 5. Male genitalia. (A-C) Protoptila julieta, new species. (A) Lateral view of 
genital capsule, phallic apparatus removed. (B) Ventral view of sternum VIII. (C) 
Lateral view of phallic apparatus. (D-F) P. misionensis Flint 1972. (D) Lateral view of 
tergum X. (E) Lateral view of apicoventral process of phallicata. (F) Lateral view of 
sternum VIII.
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