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opportunity for the evolution and speciation within the group.
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Phylogenetic reconstructions of the alberta- and verrula-groups suggest the evolution of these species
groups was driven by post-Pleistocene isolation of populations in headwater streams.
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ABSTRACT.

Adult, larval, and pupal characters, and data from newly associated life stages
supported the monophyly of the Rhyacophila verrula- and alberta-species groups. The
verrula-group is comprised of R. haddocki Denning, R. leechi Denning, R. potteri
Denning in Denning and Schmid, R. rickeri Ross, R. singularis Botoséneanu, and R.
verrula Milne, with a new inclusion of R. chandleri Denning. Rhyacophila autumnalis
Nimmo was found to be a junior synonym of R. potteri. The monophyly of the verrula-
group is based on synapomorphies that include the expanded dorsal appendage of the
phallic apparatus, closed m-cell in the forewing and morphology of the larvae. The
morphology of the known larvae of this group supports the hypothesis of phytophagous
feeding habits, which served as an opportunity for the evolution and speciation within the
group.

Rhyacophila chandleri was found to be a basal member of the verrula-group,
although autapomorphies suggest an early isolation from the rest of the verrula-group.
Rhyacophila rickeri is basal to the rickeri-subgroup, with R. singularis and R. potteri as
sister species. Rhyacophila verrula, R. leechi, and R. haddocki form the verrula-
subgroup. The wide distribution of R. verrula suggests a wider ecological tolerance than
other species of the group.

The alberta-group is comprised of two subgroups, R. alberta, R. tucula, and R. n.
sp. comprise the alberta subgroup, and R. kincaidi and R. glaciera comprise the glaciera-
subgroup.

Phylogenetic reconstructions of the alberta- and verrula-groups suggest the
evolution of these species groups was driven by post-Pleistocene isolation of populations
in headwater streams. ‘
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1
CHAPTER 1

INTRODUCTION

Statement of the problem

The inception of this thesis began with studies in alpine streams of Glacier
National Park for F. Richard ﬂauer at the Flathead Lake Biologicél Station. This work
awakened ﬁy appreciation for these unique habitats in which the genus Rhyacophila
Pictet is particularly well represented, many species of which very little had been
previously published.

The purpose of this thesis was to learn the methods of modern cladistics by
investigating two species groups of Rhyacophila, each of which include both wide and
narrowly distributed species. Species groups in Rhyacophila are informal groupings, used
to bring order to a genus of more than six hundred species. Much of the previous work on
Rhyacophila phylogeny has been based largely on the male morphology. In ihe analyses
of the verrula- and alberta-groups, I used expanded character sets incorporating data from
newly associated females, larvae, and pupae.

Of the two species groups studied, the alberta-group is fairly straightforward.
Group synapomorphies are clear, and the membership of the group have been undisputed.
In contrast, the synapomorphies for the verrula- glroup had not been clearly defined, and
the inclusion of two species (Rhyacophila haddocki Denning and R. rickeri Ross) has
been disputed. Once the synapomorphies of the verrula-group had been defined, I looked

for other species that may have previously been unplaced, but fit within the group. The
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result was the inclusion of the previously unplaced R. chandleri Denning into the verrula-
group.
The resulting phylogenetic hypotheses were then used to exanﬁne the

impact of biology and biogeography on the evolution of the two species groups.

Introduction to the order Trichoptera

The order Trichoptera is considered to be the sister group of the Lepidoptera,
together comprising the Amphiesmenoptera (Kris.tensen 1991). The order includes over
10,000 extant species that inhaBit a diverse array of freshwéter habitats worldwide
(excluding Antarctica) (Morse 1997). The success and diversity of the Trichoptera in
freshwaters is attributed to their use of silk to assist in mobility, food acquisition, and
retreat construction (Mackay and Wiggins 1979). The Trichoptera are hypothesized to
have evolved in cold, headwater streams (Ross 1956 and 1967), with the oldest
undisputed Trichoptera fossils dating to the Triassic (Wiggins 1984). The diverse
selective pressures of freshwater haiaitats, with their diverse thermal, morphological and
hydrologic characteristics contributed to the adaptive radiation and diversification of the
Trichoptera (Huryn and Wallace 1988).

Synapomorphies of the Trichoptera inclu(ie a modified hypopharynx in the adult,
the absent proximal articulations and musculature of the adult labrum, elongate prealar
arms, apneustic, aquatic larvae, and reduced larval antennae and tentorium (Morse 1997).

The higher-level phylogeny of thé Trichoptera has been investigated by several

authors (Milne‘and Milne 1939,.Ross 1967, Weaver 1984, Weaver and Morse 1986,
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Wiggins and Wichard 1989, Ivanov 1997a, Frania and Wiggins 1997, and Kjer, et al.
_2001). The Trichoptera are generally considered to be comprised of three .suborders: |
Annulipalpia, Integripalpia, and the Spicipalpia. Whereas the monophyly éf the
Annulipalpia and Integripalpia are well supported ( Kjer, et al. 2001), problems in the
classification of the order have cente'r‘ed on the potential polyphyly of the Spicipalpia
(Morse 1997).

‘The Annulipalpia are considered to be the sister clade of the Integripalpia plus
Spicipalpia (Kjer et al. 2001). The Annulipalpia are confined to lotic (running water)
habitats, and the larvae construct fixed retreats from which they-spin nets to capture small
prey or pa?ticu-late matter. Families included in the Annulipalpia aré the Hydropsychidae,
Philopotamidae, Polycentropodidae, and their relatives (Wiggins 1996).

The Integriiaalpia are a large and diverse suborder, containing many families such
as the Limnephilidae, Phryéan_eidae and Brachycentridae. Larvae of this suborder
construct por‘tablew cases of various types of materials, and occur in diverse aquatic
habitats, from lentic to lotic, cold and warm waters (Wiggins 1996).

The Spicipalpia include the families Rhyacophilidae, H-yd.robilosidae,_

| Glossosdimatidae, and Hydroptilidae. The Hydrobiosidae is a warm adapted lineage that
occurs in Australian, Oriental, and Neotropical regions (Wold 1974), whereas the
l'ihyacophjlidaer, Glossosomatidae, and Hydroptilidae occur nearly worldwide (with the
exception of Antarctica) (Wiggins 1996). Ivanov (1997a), Frania (1997), and most

recently, Kjer et al. (2001) have disputed the monophyly of the Spicipalpia. In contrast to
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the Annulipalpia and Integripalpia, which build a permeablé- pupal cocoon, the
Spicipalpia are largely defined by the construction of closed, semipermeable cocoons.
These problems with the competing hypotheses of the phylogeny for the Trichoptera
result from the use of different datasets (adult and larval morphological vs. molecular) or
differences of opinion on character polarity. Further studies will no doubt continue to

clarify the higher-level phylogeny of the order.

Family Rhvacophilidae

' Ross (1956) recognized two subfamilies in the Rhyacophilidae, the
Rhyacophilinae and Hydrobiosinae. Schmid (1970) elevated these subfamilies to family
status. The resulting family Rhyacophilidae sensu Schrrﬁd consists of four extant genéra:
Fansipangana Mey 1996, Himalopsyche Banks 1940, Philocrena Lepneva 1956, and
Rhyacophild Pictet 1834. Fansipangana is monospecific, based on F. vernalis Mey from
North Vietnam. The phylogenetic placement of this species is of interest, as the phallic
apparatus of the male has an elongate dorsal appendage and closed m-cell in the
forewing, as in the Rhyacophila verrula-group (Mey 1996). Himalopsyche is almost
entirely oriental in distribution, with a single species, H. phryganea, occurring in the
Pacific Northwest of North America (Wold 1974). Philocrena is represented by a single
species, P. trialetica, from the Caucasus of Georgia. A single fossil genus, Rhyacophilites
Piton 1935 has also been placed in the family. This genus is monospecific, based R.

hydropsychiformis, described from two fragments of a forewing from mid-Pliocene
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sediments in France. The phylogeny of the Rhyacophilidae has not been addressed by

workers, and therefore no hypothesis of relationships of these .genera is available.

Genus Rhvacophila

The bulk of the fémily is placed in Rhyacophila, with over 600 recognized
species, about 120 of which occur in the Nearctic regioﬁ (Morse 1:999). Rhyacophila is
most diverse in the Holarctic with nearly 350 species. The synapdmorphies of the
Rhyacophilidae include fhe presence of ocelli, the maxillary palps with the first two
. segments being short, the second of which is subglobular, with an acute point apically.
Mesothoracic legs of the femalé are rounde!d in cross section, as opposed to being

flattened as in the Hydropsychidae and Glossosomatidae.

‘Studies of thé evolutionary relationships of Rhvacophila

Schmid (1970) hypothesized that Rhyacoph‘i_la dates from the Cretaceous,
originating in Asia. Rhyacophila is considered plesiomorphic, resembling the postulated
ancestral trichopteran. Plesibmorphip characters exhibited by this genus include ocelli,
complete wing venation, with a curvéd CU, vein and short .anal véins, the unspecialized
pupa, free-living larva, and the membranous meso- and metanota of the larva (Ross
1956). The two—éegmented inferior appendages of the male genitalia, witt; the basal .
coxopodite and distal hafpago are also considered to Be ple;iomorphic ‘characters (Roés

1956).
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Due to the diversity of the genus Rhyacophila, several workers have attempted to
construct a classification of species groups or subgenera. Banks (1939), Déhler (1950),
Fischer (1971), and Kimmins (1952) named seven subgenera of Rhyacophila. However,
many were limited to a small number of isolated, derived species, and were not based on
large-scale revisions. Most revisions have therefore not recognized subgenera.

Ross (1956) published the first major work on the phylogeny of Riyacophila,
recognizing nine main branches of the genus, and 44 species groups. Species occurring in
North America were represented in eighteen of these groups.

' Schmid’s (1970) pre-cladistic revision of Rhyacophila considered the phylogeny
of the genus on a nearly global scale and added over one hundred new species. His work
mainly used the morphology of the male genitalia, but also included details of a limited
number of female genitalia, as well as the mechanics of copulation. In Schmid’s
phylogeny, the genus was divided into four main branches, which were separated into
seven twigs, further delineated into 72 species groups. Seventeen of these species groups
are represented by species occurring in North America. Schmid mainly accepted the
species gfoups named by Ross, but disagreed in the relationships among the groups.

The phylogenies of Ross (1956) and Schmid (1970) were based mainly on
characters of the male genifalia, and tests of those hypotheses that incorporate larval
characters have not supported their conclusions. Flint (1962) associated several larvae
from the eastern United States, but did not find larval characters from these species to be
congruent with Ross’ species groups. Lepneva (1970) used Dohler’s (1950) classification

of the subgenera of Rhyacophila as the basis for her study of the Russian Rhyacophila
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larvae, recognizing his subgenera as species groups. Wold (1974) incorporated characters
from recently associated larvae to test Schmid’s (1970) phylogeny for the Rhyacophila
species of the western United States.

The works of Ross (1956), Schmid (1970), Lepneva (1970) and Wold (1974)
were all conducted prior to the widespread use of cladistic methods, and therefore
hypothetical relationships may not be based on shared derived characters. The first to use
cladistics to address this genus in North America were Prather (1998) and Prather and
Morse (2001), in a revision of the eastern Nearctic Rhyacophila, including a revision of
the large R. invaria species group. These analyses used morphological data and modern
phylogenetic methods to produce a hypothesis of phylogeny, therefore avoiding the

inclusion of paraphyletic taxa.

Life history of Rhyacophila

Species of Rhyacophila exhibit a wide range of life histories, including
univoltinism, bivoltinism, and multivoltinism with spring to fall emergence (Ross 1956).
Rhyacophila in North America are largely univoltine (Anderson and Wold 1972, Singh et
al. 1984), however, some species that are univoltine in lower elevation temperate streams
may be semivoltipe in higher latitudes or altitudes where the growth season is too short
for larvae to complete development in a single year (Irons 1988).

Rhyacophila species are often sympatric, with several occurring together at one
site. Short and Ward (1980) reported collecting six species from a single riffle in

Colorado, and Gustafson (1990) collected eight species at one site in Montana.
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Asynchronous life cycles not only reduce competition for resources between several
species at a single location, but assure that not all species will emerge simiiltaneously,
discouragihg the chance for nonprodlictive mating between different species (Martin
1985). However, competition between congeneric species may increase during periods of
decreased resource availability, such as spates during spring runoff or after heavy rains
(Martin and Mackay 1983).

In some species, adult emergence, mating, and oviposition may occur throughout
the year, while others are more specific, usually limited to either spring or fall emergence
depending on the region and species. Othei species emerge early in the spring. In some
normally fall emerging species, individuals that do not make the fall emergence
overwinter as larvae or pupae and emerge in the early spring (Manuel and Folsom 1982,
Huryn and Wallace 1988, Edington and Hildrew 1995). Larvae of Rhyacophila can be
found in streams throughout the year, and any given instar of several species of
Rhyacophila occur throughout the year (Thut 1969, Gustafsori 1990).

The eggs of Rhyacophila can be very resilient. Thut (1969) reported that eggs of

Rhyacophila vagrita Milne remained viable up to seven months after oviposition.

Rhyacophila feeding ecology

With the exception of the verrula-group, Rhyacophila have been shown to be
almost entirely predaceous, feeding on aquatic insects such as Simuliidae, Chironomidae,
Ephemeroptera, Plecoptera, other Trichoptera, and other invertebrates such as Copepoda,

Acari, and Oligochaeta (Thut 1969, Mecom 1972, Shapas and Hilsenhoff 1976, Manuel




9
and Folsbm 1982, Martin and Mackay 1983, Singh et al. 1984, Trons i988, Otto 1993,
Wotton et al. 1993, and Oberndorfer et al. 1984). Predation on fish eggs has also been
reported (Brown and Diamond 1984, and qu 1978).

Gut content ‘analysés have been used to investigate the feeding f;cology of
Rhyacophila, thoagh this method4may not provide accurate, quantitative results. Rather
than engulfing their prey whole, they oply consume soft parts of their prey, hollowing out
the thorax and discarding chitinous structureé such as legs and ‘head capsules (Martin and
Mackay 1982). Thé morphology of the gut of predaceous Rhy;zcophila fuscula Walker
and R. dorsalis (Curtié) have been reported to lack a proventriculﬁs, which may limit
their ability to digest large, well scie,rotized prey fragments (Martin and Mackasl 1982).
| | Rhyacophila that are genéfal’ly considered vto be obligéte predators but may ingest
non-animal material to a small degree, including filamentous algae, diatoms, detritus, and.
bryophytes (Mecom 1972, Irons 1‘988},‘Thut 1969 and Singh et al. 1984). While the
presence of this plant material may be accidental when feeding on’in'sects 'Within plant
material, it has been suggested that some predatory Rhyacophila occasionally
intentionally feed on mosses and algae (Edington and Hildrgw 1995). Detritus of leaf
- origin may also be from fhe gﬁt contents ofn the prey items themselves (Irons 1988).

Feeding patferns may also change throughout the life of some Rhyacophila
species. Species may exhibit phytophagy in the early instars, with a diet dominated by
bryophyes, diatoms, and detritus..However, after the third instar, tile diet may change to

include more animal material (Singh et al. 1984 and Cereghino 2002).
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A few species of Rhyacophila have been shown to have associations with
bryophytes. Rhyacophila tova Hagen has been found to be associated with mosses on the
vertical faces of waterfalls in the eastern Uhited States (Roback 1975). It is not known
whether this species uses the moss as a food source, but larval morphology of this species
suggests that it is predaceous and exploits the prey species within the moss mats rather
than feeding on the mosses themselves (Roback 1975). | |

In North America, R; verrula Milne is the only Rhyacophila species recorded to “
be entirely phytophagous (Smith 1968, Thut 1969, Gustafson 1990). Rhyacophila laevis
Pictet, a member of the sibirica-group, is the only other known species in the genus that
has been reported to be phytophagous (Botosaneanu 1953).

The concept of functional feeding groups is important to benthic

macroinvertebrate studies (Merritt and Cummings 1984, Resh and Rosenberg 1984). In

many studies using rapid bioassesment protocols, Rhyacophila larvae are often identified -

to only family or genus level, which can cause errors in interpretation because of more

widespread phytophagy reportéd (Cereghino 2002).

Physical factors that determine the distribution of Rhyacophila

Most Rhyacophila species occur on rhineral substrates in clean riffles (Gustafson
1990), although some species, such as Rhyacophila rotunda Banks, are found in silt-
laden streams (Smith 1968). The genus as a group is considered to be intolerant to

pollution, and has therefore been useful in biomonitoring studies (Lenat 1993).
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The thermal ecology of Rhyacophila species, coupled with the speqial
characteristics of alpine stream habitats, is important to understanding the distribution of
the genus. Rhyacophila are confined to cool, swift, mountain streams, with many specieé
geographically restricted to single mountain ranges (Ross 1956, Schmid 1970).
Temperature is a major factor affecting the physiology and life history of insects, and can
determine the distribution of these animals (Ward and Stanford 1982). The distribution of
closely related Trichoptera species along stream gradients has been correlated with the
-effects of temperature on metabolism (Lowe and Hauer 1999). For species occurring over
a wide range of elevation, life cycles and emergence times may correspond to a the?mal
gradient along the stream continuum (Donald and Anderson 1977, Nebeker 1971).
The extreme thermal and morphological conditions of alpine streams result in a unique
fauna. Several species of khyacophila, such as R. kincaidi Schmid, R. glaciera Denning,
and R. rickeri Ross are confined to alpine streams. Snow and ice-melt fed streams are
characterized as having cold temperatures, high gradients, cobble boulder substrate, and
high shear stress, limiting ‘the; fauna to those species adapted to such environments
(McGregor et al. 1995). Because alpine streams accumulate a small number Qf annual
degree-days, the growth of insect larvae is slow. Alpine areas offer a diverse range of
stream habitats, including icefield and glacier melt streams, spring brooks, and seasonal
snow-melt driven streams (Ward 1994). Small water volumes, such as those in alpine
streams, respond rapidly to changes in temperature (McGregor et al. 1995). The lower
reaches of alpine streams exhibit wide daily temperature fluctuations during the hottest

days of the summer due to the lack of canopy cover and shallow laminar flow over
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distinctive community of -high alpine stream habitats is replaced with species occurring
over a wider range of thermal regimes and habitats.

In contrast to the harsh environment of glacial and snowmelt streams, the stable
chemical, hydrological, and thermal conditions in springs result in a different species
composition, often with a lower species diversity than other stream types (Ward and
Stanford 1982). The constant groundwater input to these streams results in colder
temperatures in the summer than adjacent, lower-order streams. As a result, springs are
often refugia for glacial relict species, which can leéad to speciation through isolation
(Erman and Erman 1990). During the winter, the insulating layer of snow and ice further
allow streams with groundwater influence to retain relatively warmer temperatures

throughout the winter (McGregor et al. 1995).

Rhyacophila Studies in the Rocky Mountain Region

This study on the alberta- and verrula-species groups of Rhyacophila relied
heavily on previous work published on Rhayacophila in the Rocky Mountain region,
particularly Montana. Roembhild (1982) published a species list of the Trichoptera of

Montana, providing limited habitat information. Nimmo (1971, 1977) contributed to the

taxonomy and biology of the Alberta Rhyacophila, providing hypotheses about the Post -

Pleistocene recolonization of Alberta by Rhyacophila. This study provided much of the
information on the ecology of alpine Rhyacophila that occur in Montana, but did not
include many of the species that may be encountered in southern Montana. The work of

Smith (1968) in Idaho contributed greatly to the knowledge of the distribution, biology,
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as well as providing larval descriptions of western Rhyacophila. Wold’s (1974). work on
Oregon Rhyacophila added more distributional data, as well as more larval associations.
In the Gallatin River drainage of Montana, Gustafson (1990) contributed greatly to the

knowledge of the biology of Rhyacophila in our area.

"
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CHAPTER 2

MORPHOLOGY OF RHYACOPHILA

Overview of studies of Rhyacophila larvae

Much of the published work on the morphology of Rhyacophila has been in the
form of species descriptions based on the male genitalia. However, several detailed
studies on the morphology of this genus have been published. Nielsen (1942) described
and gave a very detailed morphological study of one species of Rhyacophila, with
homologization of larval and pupal morphology. Pryor (1951) homologized the structure
and musculature of the anal proleg of Rhyacophila. Flint (1962) published a major work
on Rhyacophila larvae from eastern North America, describing the larvae of sixteen
species (Flint 1962). Smith (1968) published the first descriptions of larvae the Western
United States, describing the larvae of 14 speéieé of Rhyacophila from the Salmon River
drainage of Idaho. The larval Rhyacophila of the western United States was also the
focus of Wold’s (1974) unpublished thesis, and included 24 additional larval
descriptions. Smith (1995) has compiled an unpublished key to the larvae of species
groups of Rhyacophila for North America. Most recently, in a major synthesis of the
Rhyacophila of the eastern United States, Prather (1998) and Prather and Morse (2001)
included descriptions of 24 species and two new larval and adult associations.

The chaeotaxy, or arrangement of setae, of Rhyacophila larvae can reveal useful
characters (Giersch, this work). Sevefal authors have addressed the chaeotaxy of

Rhyacophila. To homologize and standardize the chaeotaxy of Trichoptera larvae,
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Williams and Wiggins (1981), described the setal patterns and names of setae for the
head, thorax and abdomen (Williams and Wiggins 1981). Mathis (1977) provided a

further homology of Trichoptera setae, with the addition of setae on the anal prolegs.

Larval morphology

Ross (1956) addressed the evolutionary relationships of Rhyacophila larvae,
considering the general morphology of the larvae to be plesiomorphic for the order. Ross’
assertion was based on characters of the anal proleg and the free-living habits of the
larvae. In the dataset used by Frania and Wiggins (1997), several of the larval characteré
of Rhyacophila were coded as basal.

The overall body shape of Rhyacophila is campodeiform. The head is generally
parallel-sided to wedge shaped, and in a typically prognathous aspect. However, in the
phytophagous verrula-group, the head of the larva approaches a hypognathous condition,
and is rounded and nearly spherical.

The head capsule is composed of five main sclerites. Expanding laterally around
the head capsule are the parietal sclerites. The sclerites meet ventrally along the ventral
ecdysial line, and dorsally along the dorsal ecdysial lines. The paired frontal arms of the
dorsal ecdysial lines of the head capsule enclose the frontoclypeus, the fusion of the frons
and clypeus (Nielsen 1942). The frontoclypeus is a large sclerite that covers most of the
dorsum of the head, and articulates anteriorly with the labrum. The frontoclypeus of

species of the verrula-group is much shorter than that of other Rhyacophila species,

extending less than half the Iength of the head capsule. The dorsal ecdysial line is Y-
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shaped, with the base extending forward from the occipital foramen, and forking péﬂway
along the dorsal surface of the head. Each of the anterior forks of the dorsal ecdysial line
is roughly sigmoid, and extends to the anterior margin of the head. The line is inflected at
a point roughly halfway along its length. The tentorium of Rhyacophila is reduced,
appearing as a pair of fibers rising from the most ventral section of the occipital foramen
and dorsally inserting at the point of inflection of the anterior forks of the dorsal ecdysial
line (Babcock 1961).

Mathis (1997) homologized the major setae of the parietal sclerites of the head
capsule. The anterior tactile setae, A; and A, are inserted below the antenna and anterior
the stemmata, respectively. Each eye is surrounded by three tactile setae, the Sy on the
ventral margin of the stemmata, the S, dorso-lateral to the stemmata, and the S3, on the
posterior margin of the stemmata. The posterior tactile seta, Py, is located in a position
dorso—posterior to the stemmata. |

The major setae of the frontoclypeus occur in two groups. The frontoclypeal
tactile setae, FC;, FC,, and FCs are inserted from the anterolateral margin of the
frontoclypeus, mesally along the frontoclypeal margin. Of these, the FC; seta is the
shortest, on the anterolateral corner of the frontoclypeus, curved mesad, and is colorless.
The FC4-FCs frontoclypeal tactile setae are inserted along the lateral margins of the
frontoclypeus, inserted anterad to posterad.

The antennae of Rhyacophila are near the anterior margin of the head, anterior to

the eyes, near the dorsal articulation of the mandibles. The structure of the antennae are
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substrate. In Sweden, R. nubila Zetterstedt returned to a particular stone in the stream
after hunting, using silk attached to the substrate (Otto 1993).

Each mandible bears a pair of basal setae on the lateral surface. The left mandible
in predaceous species has a ventral cutting surface and a dorsal ridge that may have teeth
along the edge. The right mandible has a mola on the ventral edge, and may have teeth on
the edges. The mandibles of the verrula-group reflect the phytophagous feeding habits of
the group, in that they are short, stout, and pyramid-shaped with apical rather than
margir;al teeth.

The pronotum of Rhyacophila is uniformly sclerotized. The anterior margin of the
pronotum is entire, without an internal flange present in other Trichoptera. The mesonota
and metanota are entirely membranous. The major setae on the thorax of Rhyacophila are
largely confined to three setal areas on each segment. Sa; is on the aﬂterior, half of the
segment, at a submesal location. In the rare case of R. rickeri, some Sa; setae on the distal
abdominal segments may be forked. Sa; is on the posterior half of the segment, farther
laterad of Sa;. Saz is lateral, on the medial part of the segment. Sa; is not present on the
pronotum. The anterior margin of the pronotum often bears a line of setae, that is variable
in length depending on species group. These setae are very long in species of the verrula-
group (fig. 20I), and shorter or absent in others. A group of three dorsal anterolateral
setae, two long and subequal in length, and a third, shorter seta, are located in a

depression on the anterior angle of the pronotum.
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The muscle scars mark the points of muscle attachment on the interior of the
sclerite, and appear as dark areas on the sclerite, or light areas if the background color is
dark. These muscle scars may exhibit species-specific patterns.

On the pleura, the protrochantin is digiform énd projected forward. The pl;:ural
sclerites on the prothorax are separate from one another, and the ventral portions of these
sclerites are membranous. The mesépisternum and metepisternum both have an apodeme
that projects anteriorly. At the point of articulation with the pleuron, a large prominence
is present on the coxae of the mesothorax and the metathorax (Frania and Wiggins 1997).
The legs of the prothorax are generally shorter than the meso- or metathoracic legs,
though they are not chelate, and trochanter is closed dorsally.

Segments I-VIII of the larval abdomen are membranous. A single large sclerite
covers the dorsum of abdominal segment IX. The shape of this sclerite is variable within
species, being roughly triangular to quadrate, and the chaeotaxy corresponds to that of the
other abdominal segments. Gills are present in some groups, either as short, broad
tubercles (coloradensis-group) single fingerlike projections (alberta-group), or branches
with numerous filaments (vemna-group) (Smith 1995).

Anal prolegs are present in all instars, projecting freely from the entire margin of
segment IX. The prolegs are largely separate, and can be moved in a vertical plane. This
form of the prolegs allows for the larva to firmly grasp the substrate, making it well
adapted to the free-living lifestyle of the larvae. This allows for limited lateral movement,

but is more conducive to life in the larval retreat (Ross 1956).
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The anal proleg is coveréd by several sclerites. The lateral sclerite of Pryor (1951)
[sclerite b of Nielsen (1942) and Lepneva (1970)] covers most of the lateral, outward
facing surface of the proleg. In most groups, this sclerite has an oblique suture originating
near the dorso-anterior angle. This suture is absent in the vagrita-group (Smith 1995).
The long, horizontal position of the lateral sclerite was considered by Ross (1956) to be a
basal condition of the Trichoptera.

Two primary setae are present on this sclerite, the PRb; seta on the dorsal or distal
portion of the sclerite, and the PRbs seta on the venter or proximal portion. The
membrane at the base of the sclerite may obscure this seta. A short seta is also present on
a small sclerite on the membrane ventral to the lateral sclerite. In the verrula-group, this
sclerite is particularly well developed, taking on the appearance of a secondary hook (fig.
201J).

The lateral sclerite may have an elongate baso-ventral hook (anterior hook of
Pryor 1951, proximal hook of Nielsen 1942) which projects free from the membrane (as
in some species of the sibirica-group). A lateral spur is also present in some groups of
Rhyacophila, either arising as an extension of the lateral sclerite (as in R. angelita Banks)
or being entirely separate from the lateral sclerite (as in R. hy;linata Banks and R.
arnaudi Denning). This spur may be very reduced and present as a very short process,
short and slightly downcurved (R. amicis Ross) or long with a smooth, even curvature
(angelita-group).

The dorsal articular plate (distd‘plate of sclerite b by Nielsen) is a roughly

quadrate sclerite that articulates proximally with the lateral sclerite, and distally with the
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anal claw. The large size of this sclerite was considered to be a basal condition by Ross
(1956). The dorsal articular plate bears a pair of long dorsal sétae, the PRb,, on the mesal
side of the sclerite, and the PRbs, on the lateral side of the sclerite.

Located laterally at the base of me anal claw is a pair of the ventral sole-plates.
These sclerites may appear to be fused, or one may be very reduced. Sole-plate 1 of Pryor
(ventral plate of Nielsen) is the larger of the two sole-plates. Mesally, at the base of the
anal claw, is ventral sole plate 2. This sclerite bears the PRc; tactile seta.

The anal claw is long, smoothly curving, and well sclerotized, and is secondarily
divided by a weakened line, increasing its flexibility. Ventral teeth may be present or
absent. The anal claw bears eight main setae. The setal names used here follow Nielsen
(1942). Setae 1 through 3 are inserted on roughly the dorsal edge of the claw, from tﬁe
base to the apex. Seta 5 is on the lateral face, basal on the sclerite, and seta 6 is on the
lateral face, distad the split in the claw. Basally, on the vgntral edgé of the claw, is seta 7.
Seta 8 is on a tubercle on the ventral edge, proximad the split in the claw. The tubercle

may be expanded, as in the verrula-group. Seta 4 is on the mesal face of the anal claw.

Pupae of Rhyacophila

Descriptions of Rhyacophila pupae are relatix‘lely rare in the literature, al‘though'
some comprehensive descriptions exist (Nielsen 1942 and Lepneva 1970).
Lepneva (1970) gives a thorough description of pupal case construction. Prior to
pupation, the pre-pupal larva will build a case over itself, using rocks, sand, or in the case

of Rhyacophila potteri, moss (J. Giersch personal observation). This case is porous, and




24
functions as a protective covering, while allowing for the circulation of fresh water. A
separate cocoon is then spun within this case. The larva builds the cocoon by spinning
silk along the length of the inside of the outer case. The resulting cocoon is attached to
the outer case at the ends (Lepneva 1970). The cocoon is therefore built within the outer
covering of rocks and entirely sc;,parate from it (Hickin 1949). The composition of the silk
differs in the outer case and the cocoon. The outer case is held together by thick, loose
silk strands, whereas the cocoon is made up of multiple layers of thin, dense silk threads,
with the innermost layer being the most compact (Cianficconi et al. 1993).

At the prepupal to pupal molt, a hypertonic excretion that is derived ffom the
hemolymph of the larva is released into the cocoon. This fluid remains in the cocoon
throughout pupation, forming an osmotic gradient between the cocoon and the
surrounding water. This osmotic gradient draws in water, inflating the cocoon, and
placing a cocoon in higher concentrations of salt will cause the cocoon to collapse. The
cocoon is permeable to oxygen and water, but impermeable to larger molecules (Wichard
1991, Rudolph and Wichard 1993, and Wichard et al. 1993). The isolation of the pupa *
from the surrounding water presents a problem with respiration. Oxygen diffusion must
not only take place across the integument of the pupa, but across the cocoon membrane
and through the cocoon fluid. Because the membrane of the cocoon has a relatively small
surface area, and the length of the diffusion pathway from this surface to the surface of
the pupal cuticle is relatively long, pupae of Riyacophila are restricted to cold, flowing,

well-oxygenated water (Wichard 1991).
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The pupa of Trichoptera is exarate and ambulatory- having free appendages
allowing for a degree of mobility within the cocoon. The pupa must be able to reach the
surface of the water prior to emergence of the adult. The pupa superficially resembles the
adult, with wing buds, antennae, and functional legs (Hickih 1967). Whereas gills are
present on the pupae of séme Trichoptera families (such as Hydropsychidae), gills on the
larvae of Rhyacophila are not reflected in the pupa (Hickin 1967). The pupal mandibles
of Rhyacophila are sclerotized and well developed (fig. 12I). The inside margins are
serrate and have large teeth for tearing out of the pupal case (Lepneva 1970). These
mandibles, as well as the associated muscles, are lost at the pupal molt (Lepneva 1970).
The antennae are ensheathed in the pupal cuticle, resemble those of the adult, and extend
to the middle of the abdomen. The dqrsum of the pupal abdomen of Rhyacophila bears
small sclerotized plates that are used to grip sides of the cocoon as the pupa emerges from
the cocoon (Hickin 1949 and fig. 12]). Hook plates are absent from the first abdominal
segment of Rhyacophila pupae as they do not move while in tﬁe pupal case as do pupae
of the Annulipalpia that pupate in permeable cocoons (Hickin 1949).

The tarsal segments of the mesothoracic legs have rows of setae for swimming
from the cocoon to the surface of the water (Lepneva 1970). Tﬁe pupae of Trichoptera
species living among bryophytes lack swimming fringes on the mesothoracic legs, as
they can climb directly out of the water rather than swimming (Hickin 1949) [I have
verified thi‘s‘ in R. potteri and R. rickeri, two species that pupate directly within bryophyte
mats (J. Giersch personal observation)]. The pupa has fully functional claws for climbing

out of the water (Lepneva 1970).
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Rhyacophila adult morphology

Diagnosis (from Schmid 1981):

Ocelli present. Maxillary palpi 5-segmented in both sexes. First two segments
very short, second subglobular. Last segment of maxillary and labial palpi ending in a
small point. Spurs: 3,4,4. Middle legs of female not flattened. Wings smooth ovals. Both
' pairs in both sexes similarly shaped. Venation complete, with all forks preseht,, I, 10, IO,
IV, and V in front wings and I, II, III, and V in hind wings. R} in front wings divided into
Ri, and Ry, at tip. In both pairs of wings, discoidal and median cells open. Thyridial cell
in front wings very long. Internal gland of abdominal sternite V small. Abdominal
hemogill system absent.

In addition, scent glands are located on the anferior corner of sternite V, posterad
of the antecostal suture (fig. 8G). Because this gland is present in both males and females,
Nielsen (1980) hypothesized that it has a repulsive function rather than holding sex
pheromones. However, Fofstedt et al. (1994) reported that extracts from the fourth and
fifth abdominal sternites of Rhyacophila fasciata Hagen and R. nubila females caused an
electrophysiological response in the antennae of males. Although the scent glands are
located on the fifth abdominal segments, reservoir cells are also located on the fourth
segment (Lofstedt et al. 1994, Larsson and Hansson 1998). A spine is present on the
venter of abdominal segments VII and VIIT which may be used for drumming, scraping,

or other forms of auditory communication (Ivanov 1997b).
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Studies of Rhyacophila male morphology

The most important references on male Rhyacophila genitalic structure are Ross
(1956) and Schmid (1970). Nielsen (1957) homologized the genital morphology and
illustrated the associated musculature of two species of Rhyacophila. Schmid (1970)

incorporated Nielsen’s study of the musculature to interpret the mechanics of copulation

Rhyacophila male morphology
Male genitalic diagnosis (from Schmid 1981):

Segment IX ring-shaped, occasionally forming an apicodorsal lobe overhanging
other genital parts. Segment X Variouslsl shaped, with occasionally a highly complex
structure. Preanal appendages occasionally present. The anal sclerites are virtually always
small and may be present or absent, paired or unpaired. Inferior appendages very large,
subhorizontal and 2-segmented, with second segment virtually always indented in a
manner characteristic of the species. Phallic apparatus situated between inferior
appendages and joined to base of latter by means of a sclerotized connection. The phallic
apparatus is relatively primitive and complete in structure. It comprises a phallotheca,
endotheca, aedeagus, and generally two more or less spiniform parameres. Occasionally
there is a ventral lobe below and a dorsal lobe above aedeagus.

The generalized morphology of the male genital segments are illustrated in figure
4. Segment VII is annula-r and unmodified in the vast majority of Rhyacophila. However,
Schmid (1970) reported that a single species, R. verrula, had a modified tergum VIII

(Schmid 1970). Later, other species of the verrula-group, including R. haddocki Denning,
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R. singularis Botogdneanu and R. leechi Denning have been found to have ét least a
posterior lobe projecting from tergum VIII.
Segment IX is annular, and may have a variously modified apicodorsal lobe that
extends over segment X, as in the invaria-twig of the phil’opotamoides—b£anch. The

morphology of segment X is variable in Rhyacophila, taking on a wide variety of simple

A

2

Figure 4: Generalized male genital morphology of Rhyacophila. A, lateral aspect of
tergites IX, X, and phallic complex; B, posterior aspect of tergite X; C, ventral
aspect of tergite X; D, lateral diagram of base of phallic apparatus and inferior
appendage; E, dorsal view of phallic apparatus and inferior appendage. IX, tergite
9; X, tergite 10; as, anal sclerite; b, phallobase; end, endotheca; cx, coxopodite;
dp, dorsal process; ha, harpago; p, phallicata; pa, paramere; tn, tendon; fs, tergal
strap; u, apical band (from Ross 1956).

to complex forms. The cerci (preanal appendages of Schmid 1970) are present in some

branches of Rhyacophila, such as the vulgaris- and divaricata-branches, and entirely
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absent in others. Schmid (1970) hypothesized that the ancestral Rhyacophila had apairof -
prqminént preanal appendages, inserted on the median part of segment X.

The anal sclerites are paired or joined into a single, fused.process (fig. 4, as) that
is hinged between the tenth tergite and the membrane attached to the base of the
' aédeagus, above the opening of the anus (Ross 1956). This structure is homologous to the
scaphium of Lepidoptera (Matsuda 1976). It often has 'a basal projection that extends into
the tenth segment, known as the root of the anal sclerite (fig. 4, ). Schmid (1970)
hypothesized that the anal sclerites were homologous with the epiproct; and that the
“ancestral Rhyacophila had‘ a pair of heavily sclerotized anal sclerites. The anal sclerites
undergo a series of specializations throﬁghout the genus, joining together or disappearing
completely. |
On eaéh side of the end of the abdomen and articulating with segment IX, are the
inferior appendages. These have been referred to as cléspers by some authors (Ross
1956), as they are used to grasp the female during copulation. The inferior appendages
are two-segmented, and consist of the proximal coxopodite (fig. 4, cx) é.nd the distal
harpago &fig. 4, ha). The coxopodite is articulated with the ﬁhéllotheca by tendons that
arise on the basal dorsal edge (fig. 4, tn) [the clasper hangers of Ross (1956)]. Matsuda
(1976) homologized the tendons with the juxta of the Lepidoptera. The harp'ag(.) is
generéldly smaller than the coxopodite and is covered with patches of dense spicules on
the medial face. The distal margin of this segment tends to be ipdented tc; some degree,

and the shape of this indentation can be species specific.
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The phallic complex lies between the inferior appendages, and consists of the
phallotheca, endotheca, parameres and phallicata. The phallotheca (fig. 4, b) is the
sclerotized base of the phallus. Arising distally from this structure is the endotheca (fig.
4, end), which is membranous and erectile. Projecting from each side of the endotheca
are the lateral parameres (fig. 4, pa), the apices of which may be covered in spines or
patches of setae. In some groups, the endotheca may have a prominent ventral lobe that
may be expanded into extensile arms that may functionally replace the parameres. This is
character is particularly evident in the sibirica and angelita-groups (Schmid 19705. The
ejaculatory duct opens at the tip of the sclerotized phallicata (fig. 4, p), which extends
distally from the endotheca. In some groups, a dorsal appendage (fig. 4, dp) arises as an
extension of the phallic apparatus from the posterior edge of the phallotheca or the base
of the endotheca. This is a chitinous, digiform process, and is especially well formed in
the verrula-group (fig. 8C).

The apical band (fig.'4, u) is a chitinous, U-shaped structure extending underneath
the anus, and dorsally articulating with segment X. Schmid (1970) hypothesized that the
apical band was homologous with the paraprocts, and that the arms of the apical band that
extend around the anus were prominent and formed appendages in ancestral Rhyacophila.
In contrast Matsuda (1976) homologized the apical band of Rhyacophila with the gnathos
of Lepidoptera.

The tergal strap (fig. 4, ts) is a longitudinal, dbrsal narrow sclerotized ribbon that
arises from the phallotheca and connects to the anterior edge of the apical band. The

tergal strap may be either sclerotized or membranous. Ross (1956) believed that the




31
plesiomorphic condition of Rhyacophila was an unsclerotized tergal strap, and is

therefore a useful phylogenetic character.

Studies of Rhyacophila female morphology

In contrast to the large number of males illustrated in his monograph on

Rhyacophila, Schmid (1970) published illustrations of few females. However,.the

illustrations of females that he provided were very detailed, including illustrations of the

sclerotized vaginal apparatus of the female. Schmid also illustrated the abdomen of the
male and female during copulation (Schmid 1970). Included in his revision of the
Rhyacophila of Canada, Schmid (1981) published descriptions and illustrations of the
known females. Smith and Manuel (1984) used female morphology in a study of the
acropedes (now brunnea)-group. Prather (1998) and Prather and Morse (2001) provided
descriptions and illu‘strations of females of 32 species from eastern North America
Several authors have published studies homologizing structures of the reproductive
system Rhyacophila females. For example, Matsuda (1976) addressed female
Rhyacophila in.his study of abdomiﬁal morphology and Nielsen (1980) provided a very
detailed study of the morphology of the female genitalia, including musculature and

internal structures.

Rhyacophila female morphology

" Female genitalic diagnosis from (Schmid 1981):
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Segment VIII in shape of a ring or truncated cone, often with apical notches
separating lobes that, in shape, are characteristic of species. Segment IX present or not
distinguishable from intersegmental membrane VIII-X. The last segments and their
connecting membranes generally stretch considerably into a long, flexible, retractile
ovipositor contaiﬁing 2 pairs of sclerotized apodemal rods serving as sites of insertion for
the muscles retracting the ovipositor. Cerci single-jointed. Intersegmental membrane
VII-X often invaginated for a Variabie distance within segment VIII. Vulvar scale absent
and anovaginal opening at tip of segment X. Vaginal apparatus located at the end of a
very long vaginal vestibule with such fine membranous walls that they are virtually
invisible, consequently appearing to be free inside abdomen. Last three segments retract
during copulation, the vaginal vestibule turning inside out like the finger of a glove, and
the vaginal apparatus protruding from the abdomen.

The base of segment VIII is in the form of a sclerotized collar. Distally, the
segment is membranous. In some groups, the membranous part is invaginated within the -
sclerotized basal collar (fig. 27E). The posterior margin of the collar may be indented or
expanded caudad as a pair of lobes (Nielsen 1980). Segment IX is unsclerotized and
difficult to distinguish from the intersegmental membrane from segment VIII (Schmid
1970). The sternite of this segment is also membranous, with a sclerotized band that is
prolonged into segment X.

Anterior apophyses arise from the antecostal suture of abdominal segment VIII
and posterior apophyses project anteriorly frém the posterior margin of abdominal

segment IX.
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Segment X is similar to IX, but longer. The tergite is sclerotized and bordered of a
chitinous lateral edge. The sternite is very lightly sclerotized and has an internal apodeme.
projecting from segment IX (fig. 15E). The lateral wall of the segment X bears
sclerotized rods (Matsuda 1976). When abdominal muscles attached to these segments
contract, the terminal abdominal segments a.re‘invaginated.

The gonopore is located at the apex of the segment X, below segment XI. The
anus opens into the vagina, so that the gonopore functions as a cloaca (Matsuda 1976).
The dorsum of segment XI of the female bears a pair of unsegmented cerci (Matsuda

1976).

Internal structures of the females of Rhvacophila

The generalized internal anatomy of the reproductive system of female
Rhyacophila is illustrated in figure 5. The sclerotized part of the genital chamber has
been given several names by authors, including bursa copulatrix (Schmid 1970) and
spermathecal sclerite (Nimmo 1971, 1977). Because the sclerotized parts of the genital
chamber are actually separate sclerites, Prather (1998) and Prather and Morse (2001)
used the terminology of Nielsen (1980) and referred to the complex as the vaginal
apparatus. The shape of this apparatus is variable in Rhyacophila, and is species specific.
The ai)paratus is comprised of three parts, basally is the rounded or cup-shaped processus
spermathecae, followed by the intermediate process, and terminating in a longer, tapering

proximal part (Nielsen 1980).
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During copulation, as the terminal abdominal segments are evaginated, the
vaginal apparatus is exerted through the gonopore and holds the apex of the aedeagus

during copulation (Schmid 1970, Matsuda 1976).
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‘CHAPTER 3

MATERIALS

During this study, T examined 1678 specimens of the verrula- and alberta-groups
of Rhyacophila. Of these specimens, there were 793 males, 270 females, 533 larvr;le, and
82 pupae. Specimens were either collected by myself or borrowed from museums.
Voucher specimens from my personal collecting efforts were placed in the Montana State
Entomology Collection. Throughout the course of my study, I had the opportunity to
travel to several museums to search throﬁgh undetermined material. Specimens from the
following institutions and collections were examined. The curator responsible is listed in
parentheses.

BCPM Royal British Columbia Museum, Victoria (David Blades).

CASC California Academy of Sciences, San Francisco (Norman Penny).

CNCI Canadian National Collection, Ottawa, Ontario (J. F. Landry).

DER David E. Ruiter personal collection, Englewood, Colorado.

EMEC Essig Museum of Entomology, Berkeley, California (Cheryl Barr).

FLBS Flathead Lake Biological Station/Global Climate Change Project, Polson, Montana

(F. Richard Hauer). |
JIGC J. Joseph Giersch personal collection.

MTEC Montana State Entomology Collection, Bozeman, Montana (Michael Ivie).
ROME Royal Ontario Museum, Toronto, Ontario (Glenn Wiggins). |

OSAC Oregon State University, Corvallis, Oregon (Darlene Judd).
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RASYV Institute of Biology and Soil Sciences, Far Eastern Branch of the Russian
Academy of Science, Far Eastern Branch, Vladivostok, Russia (Tatyana I. Arefina).

UASM University of Alberta, Edmonton, Alberta (Daniel Shepley).
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CHAPTER 4

METHODS

This study was based on morphological characters of adult, larval, and pupal
specimens, using the operational species concept of Whitehead (1972). Using this
concept, unique morphological characters are hypothesized to be inherited genetically,
delimiting species. |

The focus of the field work for this study was Rhyacophila in high elevation
streams in Montana. Collectio‘n sites were chosen according to accessibility. Collecting
trips were made throughout the summers of 2'000—2001 to snowmelt and spring-brook
habitats located in Glacier National Park, Beartooth Plateau, and the Bitterroot, Gallatin,
Crazy, Pioneer, and Tobacco Root Mountains. Location data were recorded with the use
of a handheld GPS unit. Larvae were collected by agitating the ‘ét;eam bottom, and the
resulting detritus was placed in a white enamel or plastic pan from which larvae were
hand picked. A(iults were collected by beat.ing vegetation or by collecting at night on a
white sheet illuminated with fluorescent black light. Larvae and adults were collected
directly into 80% ethanol. Pupae, which included the last larval exuviae, were collected
directly from rocks or bryophytes and placed into mosses and refrigeréted in a cooler.
Once in the laboratory, pupae were kept in a refrigerator under constant temperature and
darkness until the genitalia of the pharate adults and darkened adult wing pads were
visible, or the adults emerged. Larvae, adults, and some pupae with pharéte adults were

stored in 80% ethanol.
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Adults were cleared in either heated lactic acid or potassium hydroxide. Lactic
acid was preferred, as the sclerites tended to retain their color when using this method.
Sclerites of the fema‘le genitalia were removed from the abdomen using micro-tools
constructed from variously modified insect pins glued to wooden dowels’. Some larvae
were dissected and prepared for photography in glycerin. The pupallintegument was
peeled from metamorphotypes and mounted on a microscope slide in glycerin. Pupal
mandibles were removed and cleared for photography in lactic acid.

Specimens were studied with a Wild M5A dissecting microscope or Olympus
BX40 compound microscope. Measurements were made with a 100 increment scale.
Images were captured with an Olympus DP11 digital camera mounted to either the
dissecting or compound microscope. Images were enhanced and modified using
AutoMontage © and Adobe PhotoShop ©. Care was takeﬁ to enhance or darken characters
that were already on the images. Layout for plates was done in Adobe Illustrator ©
Distribution maps were created using iMap © for plotting distributions from specimens
examined and from literature. Dubious records for larvae from the literature were
omitted. PAUP* (Swofford 2000) was used to search for shortest trees, and characters
were mapped onto the resulting trees using MacClade 4.0 running in Windows 98 using
ARDI Executor Macintosh emulator software. The computer used for all graphics and
phylogenetic analyses was a Dell Dimension series with 250MB RAM and 1GHz
Pentium4 processor.

Characters were polarized using outgroup comparison outlined by Watrous and

Wheeler (1981). Relationships were hypothesized based on synapomorphies and
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parsimony. Cladistic principles outlined by Wiley (1981), Wiley et al. (1991) and
Lipscomb (1998) were used to interpret the results of the analyses. Data on each label are

followed by */” (slash), each line within the label is separated by “;” (semicolon), the

lending institution or individual is in parentheses.
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CHAPTER 5

SYSTEMATICS OF THE GENUS RHYACOPHILA

Genus Rhyacophila Pictet
Rhyacophila Pictet, 1834: 67, type species: Rhyacophila vulgdris Pictet (selected by
Ross, 1944: 32).

For a complete synonymy see Morse (1999).
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CHAPTER 6

REVISION OF THE VERRULA-GROUP

History of the concept of the group

In the original description of R. verrula, Milne (1936) did not place R. verrula in a
phylogenetic context, but described the presence of the closed m-cell formed by a
crossvein between M1, and M3. Although the closed m-cell in the forewing was
recognized by several authors (Davis 1948, Nimmo 1971), it had not been used as a
phylogenetic character. This crossvein has been reported in another genus of
Rhyacophilidae, Fansipangana, but is reduced in other species groups of Rhyacophila.
As Fansipangana has only recently come to my attention, I was not able to borrow
material of this genus for use as an outgroup in my analysis of the verrula-group, and
therefore céded the closed m-cell as derived for the group. Further investigations of the
Verrula—grpup may show it to be basal to the rest of Rhyacophila, and only the inclusion
of Fansipangana in an analysis of Rhyacophila will help determine the polarization of
this character.

On the basis of the male genitalia, Ross (1956) placed R. verrula in Branch 9 of
his phylogeny on the basis of the articulation of the anal sclerite with the apical band. He
also interpreted the trough-shaped ventral structure of the phallic apparatus as the fused
parameres of the aedeagus. Schmid (1970) believed this sclerotized strﬁcture to be the
ventral lobe of the phallic apparatus and placed R. verrula in the iﬁvaria—twig of the

philopotamoides-branch. Botosédneanu (1970) placed both R. singularis and R. haddocki
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in the verrula-group. Denning and Schmid (1971) included a fourth species in the verrula-
group, R. potteri, but éxpressed doubt that R. haddocki should be included. Denning
(1975) included R. leechi as another species of the verrula-group. Nimmo (1977)
described R. autumnalis as another member of the group. Rhyacophila rickeri, originally
considered by Ross (1956) to belong to the sibirica-group, was later included in the

verrula-group by Schmid (1981) based on the closed m-cell in the forewing.

Diagnosis of the philopotamoides-branch (translated from Schmid 1970):

Schmid (1970) placed R. verrula in the invaria-twig of the philopotamoides-
branch. The diagnosis of the philopotamoides- branch follows (from Schmid 1970):

Segment IX with an apical dorsal lobe; segment X very large, higher than long
and not laid out obliquely or vertically; cerci absent; anal sclerites paired; apical band
small, strongly sclerotized and composed of three parts: two side arms in vertical position
and perpendicular to‘ tergal strap and a horizontal apical lobe, resulting from curve of
median tongue; tergal strap obvious and well sclerotized; phallic apparatus complete,

massive and not elongate.

Diagnosis of the invaria-twig (translated from Schmid 1970):

Schmid hypothesized that the invaria-twig is of Nearctic origin, secondarily
dispersing to the Palearctic. The diagnosis of the invaria-twig follows (From Schmid

1970):
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Segment IX lengthened and equipped with an apical dorsal lobe; segment X large,
a little concave posteriorly and oblique in position; anal sclerites paired, large and with
long root; apical band small, with the median tongue not well developed; tergal strap long
and narrow; phallic apparatus with dorsal appendage present, endotheca large; acdeagus
thick, ventral lobe split in two even and membranous parts; tendéns of the phallbtheca
and of the inferior appendages very long, and not joined together to the tergal strap;

harpago of the inferior appendages with only one zone of spinules.

New diagnosis of the verrula-group

Male: Dorsal appendage of phallic apparatus elongate; ventral lobe present,
variously modified. Female: Basal third of segment VIII sclerotized, narrowed to
posterior membrane. Larva: Head rounded. Mandibles with teeth on apical edge.
Phytophagous. Pupa: Abdominal hook plates small, rounded; less than 30 spinules;
posterior plates similar in shape to anterior plates; posterior plates absent from segment

VL

Species included in the verrula-group

R. chandleri Denning: new placement

R. haddocki Denning: placed by Botosdneanu (1970)

R. leechi Denning: placed by Dennin‘g’ (1975)

R. potteri Denning in Dennir;g and Schmid: placed by Denning in Denning and

Schmid (1971), R. autumnalis Nimmo NEW SYNONYMY
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Most species of the verrula-group are confined to cold alpine streams and springs,
and therefore have limited distributions. The wide distribution of R. verrula may be due

to a higher thermal tolerance than other species in the group.

Key for the identification of males of the verrula-group

1. Ventral lobe of phallic épparatus sclerotized, without dorsal spines (fig. 20D)........ .2

1’ Ventral lobe of phallic apparatus membranous, with dorsal spines (fig. 12D)..........4

2. Ventral lobe of phallic apparatus shaped like a trough, enclosing phallicata. Harpago
entire dorsally (fig. 20B)......euiin it e e 3
2’ Ventral lobe not trough-shaped, reduced to acuminate lateral arms, not expanded

below phallicata (fig. 8C). Harpago emarginate dorsally ............... R. haddocki Denning

3. Dorso-lateral margins of segment IX produced as an expansion that smoothly curves
caudad over segment X and is apically bifid (fig. 20B) [widespread through western
North America]............ L TR ET PR RS R. verrula Milne
3’ Dorso-lateral margins of segment IX produced as an expansion fhat projects straight
caudad over segment X, apex flattened at a 90-degree angle (fig. 10C) [Southern Oregon

and Northern California].......ccovvvvieiiiiiiiiiiiine iiiiene. e R. leechi Denning

4. Segment VIII with elongate, blade-like extensions (fig. 18B) [Asian Far East]...........

............................................................................. R. singularis Botosdneanu
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5. Segment X bro‘adly fused to ségment IX. Phallicata nestled within dorsal lobe of
phallic apparatus, with apex visible within as a dark, sclerotized spine (fig. 6E).....cvveenne
....... e e e | .R. chandleri Denning
5 Ségments IX and X not fused. Phallicata separate'from dorsal lobe of phallic

apparatus6

6. Dorso-apical lobe of segment IX a wide and apically truncate plate. Segment X
projected caudad as a dorsally folded plate. Ventral lobe of pﬁallicata apica'l_lyndividea
into two lobes bearing dark dorsal spines (fig. 12D)..'.. . ................. e,
.......................... eerieeeeeeeieeeieanennen.. R potteri Denning in Denning and Schmid
6’. Dorso-apical lobe of segment IX an apically blu’nt; short, triangular projection.

Segment X short, complex, not a plate, roughly quadrate in lateral view. Ventral lobe of

phallicata apically entire, dorsally concave (fig. 15D)...................... ...R. rickeri Ross

Key for the identification of females of the verrula-group

1. Posterior process of vaginal apparatus well sclerotized throughout, oblong; without
basal wrinkles (fig. 15F)..ic.ccvviviiiinriniienannnnen. e R. rickeri Ross
1’ Posterior process of vaginal apparatus sclerotized only in apical half, or not at all;

basally With WEINKIES. ... ...vitiii et et ea e e e e e e e e 2
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2. Forewing with 3-r4 crossvein, discoidal cell closed(fig. 6A)........R. chandleri Denning

2” Forewing without 3-r4 crossvein, discoidal cell open (fig. 9A)..........coiviviniinnnnnn, 3
3. Posterior process of vaginal apparatus lightly sclerotized (fig. 10G)..........cccc.........4
3’ Posterior process of vaginal apparatus darkly sclerotized (fig. 20G)........................ 5

4. Posterior process of vaginal apparatus thin basally (fig. 8H)........ R. haddocki Denning

4’ Posterior process of vaginal apparatus basally wider (fig. 20G)..........R. verrula Milne
5. Posterior process of vaginal apparatus basally triangular in cross section (fig. 12F)...
.......................................................... R. potteri Denning in Denning and Schmid

5’ Posterior process of vaginal apparatus basally cylindrical in cross section................ 6

6. Distribution limited to the Asian far-east...................... R. singularis Botosdneanu

6’ Distribution limited to southern Oregon and northern California.......R. leechi Denning

Key for the identification of larvae of the verrula-group

The larvae of R. haddocki, R. leechi, and R. chandleri are unknown.
1. abdomen with fingerlike gill filaments (fig. 18K) [Asian far-east]...........cocceeeieennn..

...... e et e et a et rtaaeeaneeneenneeneeneenena .. R SINgUlaris Botosdneanu

1’ abdomen without gill filaments..........oevvuerniiii v, 2
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2. Anterior margin of pronotum with scale-like setae (fig. 15])................ R. rickeri Ross

2’ Anterior margin of pronotum with long, acute setae (fig. 20I)............ccovvvivininnnn.. 3

3. Posterior tip of frontoclypeus with single muscle scar (fig. 12H). Anterior margin of
pronotum with stout setae (fig. 12G). FC; seta on frontoclypeus long, 4/5 length of FC,
seta. Pronotum with three sublateral setac midway along length, one at the border of the
darkened margin and the other two farther inward (fig. 12G) .......coviiviiiiniiiiininin.,
.......................................................... R. potteri Denning in Denning and Schmid
3’ Posterior tip of frontoclypeus with a pair of muscle scars (fig. 20H). Anterior margin
of pronotum with thin setae (fig. 20I). FC; seta on frontoclypeus shorter, 1/2 length of
FC, seta. Pronotum with 2 sublateral setae midway along length, one at the border of the

darkened margin and another other farther inward (fig. 20D)................ R. verrula Milne

Rhvacophila chandleri Denning

Figure 6.
Rhyacophila chandleri Denning, 1956:74. Anderson, 1976: 33,

Diagnosis. Male: segments IX and X fused; phallic apparatus with dorsal process
enclosing darkly sclerotized phallicata; forewing with closed discoidal cell formed from
r3-r4 crossvein. Female: Distinguished from other members of verrula-group by closed
cell formed from r3-r4 crossvein.

Description. Maie. Forewing 10-11 mm, yellow, with lighter area between A and

Cu, veins, with hyaline areas at fork of M, r-m cross vein, r3-r4 cross vein, and at apex of
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Cu, at wing margin; stigma white; Cu; vein darkened; crossvein between M, and M3
forming closed m-cell; r3-r4 crossvein present, enclosing discoidal cell (fig. 6A). Head,
antennae, abdomen, and thorax yellow. All setal warts densely covered with long, clear
setae. Head with large median setal wart posterad of median ocellus posteribrly expanded
laterally; large lateral ocelli with rounded setal warts laterally; well separated from
oblong posterior setal warts; frons with pair of lateral setal warts. Apical segmentbf
labial palp thick, somewhat spindle shaped, with concave internal surface (fig. 6B). Legs
yellow, with yellow spurs; spur formula 3-4-4; protibial spurs shorter than on other tibiae;
all tarsal claws equal in length and form. Segment VIII unmodified. Segment IX narrow
laterally, inflected to receive coxopodite. Segment X broadly fused to segment IX;
posterior margin emarginate, dorsally concave (fig. 6C) . Coxopodite short and wide,
very tall at base, slightly narrowing apically. Harpago subequal in length to ‘coxopoldite,
thinner, rounded apically. Dorsal appendage of phallic apparatus wide; projecting directly
caudad; up-curved at apex; ventrally concave; wrapped around and fused to phallicata,
with horizontal lateral wings subapically; apical margin rolled inward. Phallicata a dark,
heavily sclerotized extrusible spine inside of dorsal appendage. Ventral lobe membranous
at base, tapering to undivided apex, apically with dorsal patch of brown spines (figs. 6E
and 6F).

Female. Forewing length 12mm, color and venation as in male. Similar to other
species of the verrula-group. Body identical to that of male. Forewing with 13-r4 cross

vein. Vaginal apparatus with processus spermathecae basally sclerotized, apically
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emarginate; posterior process flexible, ribbed at midlength, tapering to an apical,
sclerotized tube (figs. 6G and 6F).
Larva unknown.
Pupa unknown.
Distribution. Alpine areas of Southern Oregon and Northern California (fig. 7).
Type material studied. None. Holotype repository: CASC

Other material studied. OREGON: Deschutes County: 1 §- Tyee Cr., Devil's Lk.;

11 Aug, 82 R. W. (RWW)/2 33- Century Drive; Devil's Lk. VIII-19-85 BLT BW
(RWW)/7 33- Century Dr.; Tyee Cr. at Devil's Lk.8-20-83 (RWW).

Douglas County: 1 $- Shadow Cr. trib of; S. Umpqua. 42° 59'N 122°51'W; V-26-86

RWW).
Lane County: 1 &- Waldo Lk.; 7-23-69. BLT. Goeden (RWW)/1 3- Willamette Natl.
For.; Rigdon Ranger District; Ddee Lake South end; Aug. 9, 1990 (RWW).

Discussion. Denning (1956) noted that R. chandleri did not resemble any other
species of Rhyacophila, and Anderson (1976) listed this as an unplaced species.
However, closer examination has revealed the presence of the closed m-cell of the
forewing (fig. 6A) and similarities between the phallic apparatus of this species and
others on the verrula-group, including the expanded dorsal appendage of the aedeagus
(fig. 6E). Rhyacophila chandleri is a highly derived species in that the dorsal appendage
of the phalli;: apparatus is entirely wrapped around the phallicata. The tip of the phallicata
is visible as a dark sclerite within the dorsal appendage, and may be extruded from the

apex. Besides the fusion of tergite IX to X, the absence of anal sclerites and unsclerotized
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tergal strap are also autapomorphic. The rﬁembranous ventral lobe of the phallié
apparatus, which is not apically divided as in R. rickeri, aligns it with other species in the
verrula-group. Another autapomorphy exhibited by this species is the presence of the r3-
r4 cross vein, enclosing the discoidal cell. This character has not been reported in other
species of Rhyacophila, although it has been described as an autapomorphy of Philocrena
trialetica (Kumanski 1981). As in R. chandleri, the phallicata of P. trialetica also appears
to be a movable sclerite within the endotheca. The placement of P. frialetica in the
verrula-group is not feasible, however, as it lacks the synapomorphies of the Veﬁula-
group such as the closed fn—cell in the wing and the expanded dorsal appendage of the

phallic apparatus.
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Description. Male. Forewings 11 mm long; yellow with light brown patterns,
pattern in central area of wing as bands within cells, patterning concentrated to trailing
margin of wing; crossvein between My, and M3 forming closed m-cell (fig. 8A). Head
and antennae yellow; single réunded setal wart posterad of median ocellus; small, round
setal wart,éosterad of each lateral ocellus, separated from larger, round posterior wart by
bump. Maxillary palps subequal in length to protibiae. Thorax and abdomen yellow. Legs
yellow, spurs and spines brown; tarsal formula 3-4-4; subapical spur of protibia well
developed; meso- and metatibial spurs longer than protibial spurs; inner apical meta-tibial
spur modified as heavily sclerotized, triangular plate with an apical spine that bends back
along the apex of the plate, tuft of short, silky setae arising from concave surface of plate
opposite spine (fig. 8E). Tarsal claws 0;1 all legs equal in length and form. Segment V
with carina dropping ventrad from scent gland opening, then smoothly curving caudad
(fig. 8G). Segment VIII with dorso-caudad expansion as pair of short rounded lobes,
separated by shallow emargination (fig. 8F). IX wide ventrally and laterally, tergum
narrowed to very thin dorsal band, almost not continuous dorsally. X extended caudad as
plate, semi-membranous mesally, lateral lobes gradually convergent, distal margin
truncate and emarginate, bearing few shért, whitish setae. Apical band prominent,
ventrally concave, projects caudad ventral to tergite X, may be mistaken for ventral lobe
of X (fig. 8D). Anal sclerite small, borne on ventral surface of apical band.
Tergal strap membranous. Coxopodite short, quadrate, somewhat broadened apically.
Harpago wide, length .8 times that of coxopodite, base .7 times height of coxopodite;

dorsal edge less than half as along as ventral edge, dorso-caudal edge smooth, concavely
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emarginate. Phallic apparatus'with dorsal appendage thin, barely sinuate, apically
upcurved, dorsally concave. Endotheca sclerotized. Ventral lobe reduced to pair of thin,
acuminate lateral arms on either side of endotheca (fig. 8C). Phallicata wide basally,
decreasing in width along length, curved dorsad beyond mid portion, apex curved back
caudad.

Female. Head, thorax, and base of abdomen as in male. Processus spermathecae
basally rounded, apically emarginate; posterior process thin, unsclerotized (fig. 8H).

Larva. The larva of R. haddocki is unknown. However, due to the close
relationship of this species to R. verrula and R. leechi, the larva will likely be very similar
to, if not indistinguishable from that of R. verrula.

Distribution. Until recently, this species was only known from the type locality,
Gravel Creek, more commonly known as Parker Creek, on Mary’s Peak, in Benton
County, Oregon. I have recently received a report of a male and female from Curry
County Elk River Fish Hatchery, Siskiyou National Forest, 2 June 1991 by Baumann and
Stark. [D. Ruiter, personal communication] (fig. '9).

Type material studied. § HOLOTYPE, @ ALLOTYPE- Gravel Creek, Mary’s

Peak; Benton County, Oregon; 30 July 1966, J. Haddock (CASC).

Other material studied. OREGON: Benton County: 1 &, 1 Q- M.P. Parker Cr.; at
Pk C.G. 8-9-83 B.W. (RWW). |

Disgussion. benning (1968) was not abie to place R. haddocki into any known
species groups, and Anderson (1976) listed this a‘s an unplaced species. Botogédneanu

(1970) considered this species to be in the verrula-group, but in the description of R.
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potteri, Denning in Denning and Schmid (1971) had reservations about including the
species in this group.

Segment X of R. haddocki is in the form of a dorso-ventrally flattened plate. The
apical band is prominent, projecting beneath segment X, with the anal sclerite lying in the
dorsal surface. Denning (1968) interpreted this to be the ventral lobe of segment X, but
this structure is undoubtedly homologous with the apical band of other species of the

' verrula-group.

Based on the presence of a modified inner metatibial spur of the male, the
expanded dorsum of tergite VIII, and the long, partially sclerotized endotheca, this
species forms a complex with R. verrula and R. leechi. The purpose of the modified spur
is unknown, although similar structures have been seen in other taxa of Trichoptera, and
may be involved with spreading pheromones from the segment V abdominal scent
glands. As in R. verrula and R. leechi, the dorsum of segment IX slopes aﬁterad, although
it is not secondarily expanded as an apico-lateral lobe as in R. verrula and R. leechi. The
structure of the phallic apparatus of R. haddocki is puzzling. While the phallicata has an
acute apex, like other species in the verrula-group, it is sinuous along its length. Of
particular interes;c are the acuminate lateral projections arising from either side of the
endotheca, which Denning (1968) referred to as the lateral arms. These thin, heavily
sclerotized strﬁctures are suggestive of param'eres. However, as parameres are absent in
other species if the verrula-group, they are rather likely the r;amnants of the sclerotized

ventral lobe.
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R. haddocki has previously been only collected from Parker Creek on Mary’s
Peak, near Corvallis, Oregon. At an elevation of 1249 meters, Mary’s Peak is the highest
point in the Coastal Range of Oregon, and is the headwaters of the Willamette and Alsea
River systems. The summit is in the subalpine zone, dominated by an old growth forest of
noble fir, Abies procera, and is well known as yielding several rare 6r poorly known
genera of Trichoptera (Anderson 1976). A recent record of a single male/female pair has
come to my attention by way of David Ruiter (personal communication), collected by
Baumann and Stark from the Siskiyou National Forest, Curry County, Oregon. AC(;ording
to Dr. Richard Baumann (personal communication), the collecting locality is a large, wet
seep, which also yielded several species of Plecoptera adults that are restricted to seeps
and springs.

This species has been given a state and global biodiversity rank of 1. (critically
imperiled because of extreme rarity or especially vulnerable to extinction or extirpation)

by the Oregon Natural Heritage Program (2001).
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10A). Head yellow, pair rounded setal warts posterad of median ocellus; small rounded
setal wart posterad of each lateral ocellus; large oblong setal v‘vart on posterior mgrgin of
head; narrow, vertical setal wart with single row of setae ventro-posterad of eye.
Maxillary palps subequal in length to protibiae. Pronotum with yellow submedian warts.
Antennae yellow. Thorax yellow; edges of pleural sclerites not noticeably darker. Legs
yellow, with yellowish-brown spines and spurs; tibial spur formula 3-4-4, suiaapical
protibial spur reduced; protibial spurs smaller than on meso- or metatibial spurs; apex of
inner apical metatibial spur modified and shorter than outer apical spur, curved
downward at 90 degree angle, with heavily sclerotized, acute spine flanked by bilobed,
fringed inner flap (fig. 10B). All tarsal claws eqlial in length and. form. Mesonotum
yellow, median wart with antero-lateral arms extending anterad on mesonotum.
Metanotum yellow. Abdomen yelléw; segment V with lateral carina leading ventrad from
scent gland opening, vertical in dorsal section, tapering to smooth curve (fig. 10F).
Segment VIII With modified dorso-posterior margin, as pair of lateral lobes each with
smaller inner lobe, flanking the sides of deep mesal incision (fig. 10D). Segment IX
without apico-dorsal lobe; instead with narrow, short dorsal strap ventrad of which -
postero-lateral edges produced as pair of large, slightly arched lobes fused at midlength;
subacute, bifurcate distal margin, caudally concave; each arched lobe with blunt, ventral
process, wider laterally than Ventrally in lateral view, vx}ifh dorsal excavation leading
toward dorsal strap before curv-ing back out to ventral lobe of postero-lateral process (fig.
.'10C). Segment X small, dorsally convex saddle-shaped sclerite; proximo-dorsal edge

articulating with ventral lobes of postero-lateral processes. Anal sclerite small, without
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long root, covered with minute spicules, fitting into ventral concavity of segment X.
Tergal strap lightly sclerotized. Coxopodite lcurved dorso-caudad. Harpago 1/3 length of
coxopodite;y thinner basally; parallel sided along most of length; apex broadly rounded.
Phallic apparatus similar to R. verrula; with long, digiform, dorsally arched dorsal
appendage arising from endotheca, distally coming into contact with the anal sclerites,
distally widened with concave, upturned apex. Phallicata arising on dorsal surface of
membranous endotheca, thin tube-shaped distally; ventral lobe (fig. 10E) modified,
sclerotized with lateral walls fused, flattened ventrally, with lateral carina on each ventro-
lateral edge, apex quadrate in cross section.

Female. General form identical to male. Sub-apical protibial spur present, but
smaller than on other legs. Segment VIII long and tapered, basal portion sclerotized,
more membranous distally, annular dilation at extremity of segment, segment X with
dorsal sclerotized plate covering distal 2/3 of segment. Vaginal apparatus spermathecae
simple, lacks secondary dorsal curve of R. verrula; processus spermathecae emarginate
distally, with lateral edges expanded slightly. Posterior process with wrinkled surface on
basal half, tapering to long thin tube, sclerotized at apex (fig. 10G).

Larva. Unknown.

Pupa. Unknown.

Distribution. Coastal ranges of Southern Oregon and Northern California (fig.

11).




63
Type material studied. & HOLOTYPE, QALLOTYPE- Siskiyou County,
California, road to Taylor Lake; 5750, Salmon Mountains, Etna Road; 19 August 1972,

Hugh B. Leech (CASC).

Other material studied. CALIFORNIA: Del Norte County: 1 6‘7 Patricks Crk Rd;
2.4 \mi Hwy 199; June 6, 1993; D.J. Burdick (CASC)/ 1 &- So.‘Frk. Smith Ri.; Rd. 427
4.2 mi.; from start; Junélﬁ, 1993 (CASCY/ 1 &, 1 @- So. Frk. Smith Ri.; 4.2 mi on Rd.
427; 1st order steam; 16 June 1993 (CASC).

Plumas County: 1 &- 1 mi S. Meadow; Valley 14 Sept. 1983; G. Ulrich (CASC)/ 1 3-

Meadow Valley; 9 Sept. 1983; coll. G. Ulrich (CASC).

Siskiyou County: 1 &- 3 mi. E.; Weed Sept 26, 1975; D.G. Denning (CASC)/ 1 &- Seiad

Valley; 3-6 Nov, 1986 Fulton (CASC)/ 1 Q- 17; air km SW Ca_dlahari; Trail Ck. Cmpgrd.;
VI-27-1982; blacklight; J. Benedictis; & J. Powell; collectors (EMEC)/ 1 Q- VII—2-‘84‘

site 1; Lauck. no locale data; available (RWW).

OREGON: Jackson County: 3 38- Oct. 9, 1991; ? shoat trib of; Jenny Cr., 6 mi. S.;
Pinehurst RWW (RWW). |
Lane County: 1. Q- HIA Admin site; Lookout Cr. 44 13'N 122 20'W; 440m UV light
RWW 6-18-86 (RWW)/ 1 3~ ibid., 6-3-86 (RWW)/ 1 &- ibid., 8-12-86 (RWW)/ 1 3- .
ibid., VI-22-87 (RWW)/ 1 §- Roaring R.; VII-24-86 BLT Courtney (RWW)/ 2 33-
Wilamette Natl. For.; Rigdon Ranger District, 1991 UV light; June 23-Aﬁ g 15, RWW
det. (RWW). N | |
Discussion. Very little has been published 6n R. leechi, and few records exist.

This species resembles R. verrula in the redu‘ction of the apico-dorsal lobe and the
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expanded dorso-lateral margins of seément IX, the small segment X, and the sclerotized
ventral lobé of the phallic appératus (fiés. 8C and 8E). The ventral lobe is flattened at the,
apex, rather than being sharply keeled as in R. verrula (figs. 12B and 12D). The shape of
the dorso-lateral lobe ié also distinctive. The inner apical metatibial spur of the male (fig.
10B) is shared with R. verrula (fig. 20E) and R. haddocki (fig. 8E), as well as the overall
form of these species. The larva of R leechi is‘ unknown, but because of the close
relationship of this species to R. verrula, the larva is likely to be identical to that of R.
verrula. It is likely that this species is confined to smaller, headwater streams, or even
springs.

This species has been given a global and state rank of 3 (rare, uncomihon or
threatened, but not immediately imperiled) by the Oregon Natural History Program.

(2001).




JH

)5 ,3 6 : 66 5 @
249 7 @ ;2+46"7 "6 E 5;246

6 o 2#4 ) 7 5;1 ;246

;24 " 76 "776 "6

6 $ 24! 5;"



) 5

) 5

JJ

% ' ' "% 6"

- ' "0 6" FI,3 HHJ. 1" FIO3 -
% &66; FI3/.% 6" F-3/F. 2&#1 % & &9 4
' .93 6 K@ @ "! "5 ; FE L
@ " 76 @ 5.%6 K : ;" E!
". AR 5@ ; 56 L

66 5; Ittt @ " )6 3

A 7 ".(!3 77 5@ 65



67
scar. Anterior margin of pronotum with stout setae. FC3 seta on frontoclypeus‘ long, 4/5
length of FC2 seta. Pronotum with three sublateral setae midway along length, one at the
border of the darkened margin and the other two farther inward.

Description. Male. Forewing length 9.5-10.5 mm; light brown with darker
bands and irrorate pattern; crossvein between M., and M; forming closed m-cell (fig.
12A). Head brown dorsally, lighter posterad of setal warts, laterad of median ocelli and
ventrad of median ocellus; setal wart posterad of median ocellus; large trilobed setal wart
posterad of median ocellus, median lobe closely appressed to rounded lateral warts; small
rounded setal wart posterad of each lateral ocellus. Posterior setal wart horizontally
oblong. Antennae brown, each flagellomere lighter basally and apically. Maxillary palps
yellow, subequal in length to protibiae; tip of apical segment dark brown. Thorax
yellowish brown, lateral margins of pleural sclerites lighter. Legs yellowish brown; coxae
with anterior face darker, covered by setae surrounded by lighter circles; irregular lighter
patch dorsally on femur and apical half of tibia and of each tarsal segment (fig. 12E);
spurs and spines yellowish brown; tibial spur formula 3-4-4, proleg spurs shorter than on
other legs. Tarsal claws of all legs similar in size and shape. Sternites and pleurites of
abdomen yellow; tergites darker; with long dorsal setae in dorsal row across each tergite.
Apico-dorsal margin of segment VIII unmodified. Segment IX tergum wide; narrowed to
receive segment X and again to receive coxopodite; distal 2/3 of dorsum with depression
forming shallow trough continuing on to dorso-caudally projecting flattened lobe,
apically truncate in dorsal view (fig. 12C). X complexly broad, folded, roughly oblong

plate; with pointed lateral lobes separated from the main body of the segment by carinae;
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posterior portion dorsally convex with mesal circular incision at apex; spines ventrally;
projecting beyond segment IX (fig. 12B). Tergal strap sclerotized and fused to segment
X. Anal sclerite small, without deep root, located at apex of apical band. Phallic
apparatus with long, sinuate dorsal process arising from éndotheca; base of phallicata
flattened with lateral lobes, distal portion tubular, acuminate; ventral lobe membranous,
extensile, apex divided into two elongate lobes each bearing dorgal patch of dark spines
(fig. 12D).

Female. Wings, head, thorax, and Base of abdomen as in male. Segment VIII
long, tapered, basal portion sclerotized, more membranous distally, annular dilation at
extremity of segment. Segment X with dorsal sclerotized pléte covering distal 2/3 of
segment. Processus spermathecae of vaginal apparatus chalice-shaped, apically concave;
posterior process with massive basal half, ribbed horizontally, triangullar in cross-section,
tapering to well sclerotized, laterally flattened tube at apex (fig. 12F).

Larva. Mature larva approximately 20 mm in length. Head rounded, nearly
spherical; widest just anterad of midlength (fig. 12H); dark muscle scars in longitudinal
rows along parietal sclerites, two rows dorsally, five rows laterally, muscle scars larger
and darker than thpse of R. verrula (fig. 20H), leaving less background color in spaces
between. Frontoclypeus short, little more than half length of head capsule; with darkened.
muscle scars, three large scars posterad of the widest part of the -sclerite, two laterally,
one medial scar composed of two scars fused togéther; frontoclypeal seta FC; minute,
clear, curved inward; FC, long, subequal to width of frontoclypeus; FCs clear, -longer than

that of R. verrula, 4/5 length of FC,. Long setae around eye, on anterior margin of
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pronotum, anterior and lateral margins of frontoclypeus, and posteriorly above genae.
Maxillary palpus short; all segments subequal. Submentum reduced to pair Qf sclerites
each at base of submental setae and small median sclerite. Mentum undivided. Mandibles
short, stout and pyramidform; left mandible with three apical teeth; right mandible short
two apical teeth, single small mesal tooth, pencillus basally. Pronotum light brown, with
darkened muscle scars; anterior margin with line of 15-20 long, robust setae (fig. 12G),
setae shorter and more robust than those of R. verrula (fig. 20I), longest setae subequal in
Iength to mesal length of pronotum; three sublateral setae midway along length, one at
border of darkened margin, two farther mediad; anterolateral corners with rounded notch
bearing three setae, two long, subequal in length, third seta shorter (about %2 as long).
Forelegs broadened. Abdomen without gills or protuberances. Anal proleg short, with
long scabrous setae; lateral sclerite of anal proleg with darkened muscle scars; sclerite 'at
the base of seta PRb4 prominent, floating in membrane posterad of basoventral hook,
projecting inward as spine, resembling a secondary baso-ventral hook, bearing stout,
spine-like PRby seta; baso-ventral hook prominent, though not as much as R. verrula (fig.
20J), dark, projecting from basal membrane; apico-lateral "spur absent from lateral sclerite
of anal proleg; anal claw with seta 8 borne on prominent tooth-like projection.

Pupa. Length of male 9 mm; female 10.5 mm. Wing sheaths reach segment VI of
male, segment IV of female. Antennae reach beyond genitalia of ﬁale, segment VIin
female; scape with 3-4 black setae. Head with eight long, black dorsal setae; one
submedian seta on each side posterad of median ocellus, one posterad of each lateral

ocellus, postero-lateral pair on each side. Frons with row of three submedian setae on
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either side; clypeus narrowly apically rounded, three setae on each side; labrum with five
antero—lateral setae on each side; one seta on anterior margin of eye; one short genal seta
posterad of ventral articulation of mandible. Mandibles short, stout; length of mandible
apex to inner margin 1.3 times basal width of mandible; each with two basal setae, one
clear, dorsad of dark brown seta; right mandible with two median teeth and
approximately nine denticles; left mandible with single median tooth, and approximateiy
twelve denticles decreasing in size toward apex (fig. 12I). Pronotum with five dorsal

" setae on each side. Each side of mesonotum and metanotum with anterior seta and dorsal
seta laterad of scutellum. Abdomen with dorsal presegmental hook plates on segménts I
to VII, postsegmental on segments Il to V, plate spinule formula IIL: 7+18; IV: 7+24; V:
20+23; V_I: 15; VII: 12 (fig. 12J). Abdominal segments I-VIII with one dark dorsal seta at
Sa; and Say, three to four setae on pleurites I-VII, one seta at ventral Sa, on segments I-
VILI. Legs with five long black setae on anterior face of each coxa, one apically and
distally on each femur. Mesotibiae without swimming setae.

Distribution. In addition to the type locality, field parties from the Royal Ontar‘io
Museum have collected tlgs species from the Lolo Pass, Lost Trail Pass, and Skalkaho
Pass areas of Idaho and Montana. In addition to these localities, I have collected
metamorphotypes and adults from the Pioneer Mountains of Montana, and larval scierites
from an empty cocoon from the Tobacco Root Mountains of Montana. It is likely that the
range of this species extends even farther North along the Montana border (fig. 13).

Type material studied. 3 HOLOTYPE- Swamp Creek, Elk Summit Road; Idaho

County, Idaho; 3 Aug. 1960, D. S. Potter (CASC).

/J .
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Other material studied. ALBERTA: 1 &- Rowe Bk, 6350, Wat. Nat.; Pk, Alberta.
12/9/75. D.B. Donald R. autumnalis HOLOTYPE CNCI Né. 15162 (CNCI)/ 1 8- Ruby
Bk, 6750", Wat. Nat.; Pk, Alberta. 24/8/75.; D.B. Donald; R. autumnali& PARATYPE;
CNCI No. 15162 (UASM)/ 2 3&- Rowe Bk, 6350, Wat. Nat.; Pk, Alberta. -12/9/75. D.B.
Donald (CNCI). |

IDAHO: Idaho County: 1 &- Big Creek, N Savage; Pass, Elk Summit Road 10-IX-71; D.

S. Potter, R. A. Haick (CASC)/ 2 §&- small run crossing; Rt. 12, 11 mi. s.w. Lolo Pass,’ )
25 JUN 1968; Wiggins, Yamamoto, Smith (ROME)/ 2 33 IX-10-71; deage Pass Seep;
Elk Summit Road; D.S. Potter, R.A. Haick (CASC). -

MONTANA: Beaverhead County: 11,4 33,1 @, 8 pupae- Beaverhead Deerlodge FR

192.2; Mule Cr. Tributary; 45.4189°N, 112.9360°W, 2417 m; 10 VIII 2001; J. Giersch
(JJGC)/ larval sclerites- Beaverhead/Deerlodge FR 192.2; Mule Cr. Tributary;
45.4189°N, 112.9360°W, 2417 m, 30 VIII 2001; J. Giersch (JJIGC).

Flathead County: 1 Q- Cattle Queen Cr. @ Mineral trail; 48.8201°N, 113.822°W; 13 IX

1996(FLBS)/ 1 &- Mineral Cr. headwaters-W. fork above confluence; 48.8414°N,
113.836°W; 28 VIII 1997(FLBS)/ 2 3&- Mineral Cr. headwaters @ confluence of E. and

W. forks; 48.8406°N, 113.835°W; 28 VIII 1997(FLBS).

Granite County: 1 Q- Small stream on FR 1352; N. of Skalkaho Pass; 46.'2661°N,
113.7656°W, 2255 m; 26 VII 2001; J. Giersch (JJGC)/ 1 & metamorphotype pupa-
Crooked Cr.; 2km N Skalkaho Pass; 46.2661°N, 113.7656°W, 2255 m; 26 VI 2001; J.

Giersch (JJGCO).
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Madison County: larval sclerites-: above Branham Lakes; S. Fork Indian Creek
Headwaters; 45.5244°N, 112.0179°W, 2906 m; 02 IX 2001; J. Giersch (JIGC)

Missoula County: 1 I- spring runs cross-;ing Rt. 12 at Lolo Pass, elev.; 5187"; 25 JUN

1968; Wigginis, Yamamoto, Smith (ROME).

Ravalli County: 1 I- creek; 2.5 mi. e. Daly Cr. Rd.; Flowing into Daly Cr., Rt; 38,

s. Grantsdale. 11 AUG.; 1981. G.B. Wigginé (ROME)/ 1 &- strm.; at Rt.38, 2-1/2 mi.e.;
Daly Cr. Rd., e. Grants-;dale. 12 AUG 1981.; G.B. Wiggins (ROME)/ 1 &- Skalkaho
Falls on Rt.; 38e. Grantsdale. 4 Aug.; 1981. G.B. Wiggins (ROME)/ 1 &- ibid., 11 AUG;
1981. G.B. Wiggins (ROME)/ 10 I- FR 1352 sidestream,; :7 km N of Skalkaho Pass;
46.2525°N, 113.7713°W, 2264 m; 13 VII 2001; J. Giersch (JIGC)/ 2 1- ibid., 26 VII
2001; J. Giersch (JIGC)/ 2 33- Skalkaho Falls on Rt.; 38 e. Grantsdale. 12 AUG; 1981.
G.B. Wiggins (ROME)/ 3 1- stream crossing; Rt. 93, 1.2 mi. N. Lost Trail; Pass, June 26,
1968, Wiggins; Yamamoto, Smith (ROME).

Discussion. Rhyacophila potteri was included in the verrula-group by Denning
and Schmid (1971), although they noted differences in the form of sclerite IX, the
aedeagus, and the absence of modifications on tergum VIIL

The phallic apparatus of R. potteri most closely resembles that of R singularis in
the presence of the ventral lobe that is divided at the apex, the prominent apico-dorsal
lobe on segment IX, and the shape of segment X. Rhyacophila potteri, however, lacks the
modified margin of segment VIIIL.

Comparison of specimens of R. potteri from near the type locality with type

material of R. autumnalis has led me to decide that R. autumnalis is a junior synonym of
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R. potteri. Nimmo (1977) disting;lished R. autumnalis from R. potteri by the acute rather
than blunt apex of the harpago, as can be seen in the illustrations for the description of R.
potteri (Denning in Denning and Schmid 1971). Because the harpago curves mesad
apically, the shape changes depending on how the specimen is lying. Therefore, a
harpago that appears to be blunt may actually be quite acute if the specimen is rolled.
Rhyacophila autumnalis was described from Waterton Lakes National Park, and R.
potteri from the Bitterroot Mountains of Idaho. Further collecting, as well as the
discovery of more museum specimens indicate that the distribution of R. potteri is more
extensive than previously thought, extending at least as far east as the Tobacco Root
Mountains of Montana. It is likely that R. potteri has a continuous distribution along the
Montana-Idaho border north to British Columbia and Alberta.

I'have collected R. potteri at four localities in Montana, all of which are small
streams or seeps with abundant mosses. Larval-adult associations were first made from
pupae reare(i from a small cobble bottomed stream draining a spring-fed marsh that runs
below a roadcut in the Mule Creek drainage of the Pioneer Mountains (fig. 14). The moss
Amblystegium riparium is abundant along the bottom and margins of the stream, and
pupae were collected from within the moss mats, with the mosses tightly wrapped around
the cocoons.

A small, moss-covered stream north of Skalkaho Pass also yielded larvae and
pupae, and I have also identified larval sclerites from a vacated pupal cocoon collected

from an alpine spring in the Tobacco Root Mountains of Montana. Adults have been






















































































































































































































































































































































































































