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Stoneflies of the monophyletic chloroperlid genus Suwallia Ricker and the

monotypic genus Neaviperla Ricker presently constitute the tribe Suwalliini Surdick.

Suwallia, previously composed of seven Nearctic and eight Palearctic species, has

remained a problematic genus because of the lack of detailed comparative study of

external and internal genitalia, eggs and less weighted but useful characters such as

pigment patterns. My approach to revision of the tribe Suwalliini Surdick has been to

study literature descriptions and holotypes where available, visit North American type

localities for topotypes, and collect fresh males for aedeagal extrusion and detailed

examination of the epiproct, hemitergal processes and aedeagus using both dissecting and

scanning electron microscopy. Palearctic species were obtained from colleagues for

further study. I describe, diagnose and provide a dichotomous key to adults of twenty

two of the twenty-three species that constitute this tribe. This includes descriptions of

five species, Suwallia amoenacolens, Suwallia salish, Suwallia shepardi, Suwallia starki,

and Suwallia sublimis that are new to science. Synapomorphies for the tribe Suwalliini

are revised based on the absence of hemitergal processes in two recently discovered

species. Several species are redescribed, Alloperla bimaculata (Okamoto) is transferred



to Suwallia and Suwalliajezoensis (Kohno) is raised from synonymy. The genus

Neaviperla is synonymized with Suwallia.

Communication and mate locating behaviors in adult stoneflies are critical for life

cycle completion and species perpetuation. Drumming signals are known for numerous

species of Plecoptera, but mate searching patterns and specifically, if or how vibrational

communication is utilized for locating mates are virtually unknown for all stonefly

species. I conducted field or laboratory studies of three species to elucidate mate

searching patterns and how vibrational communication is used for locating mates. The

species studied included a bushtopper, Suwallia pallidula (Banks); a ground scrambler,

Claassenia sabulosa (Banks); and a treetopper, Perlinella drymo (Newman). The "fly-

tremulate-search", "rock to rock" and "fly-drum-search" search patterns exhibited by these

species are described, as well as how vibrational communication is used for mate finding.

Vibrational signal production by tremulation is reported for the first time in Suwallia, and

for only the second time in Plecoptera.
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CHAPTER 1

INTRODUCTION

Stoneflies are members of the small hemimetabolous insect order Plecoptera,

known from every major biogeographic region except Antarctica. The order was revised

phylogenetically by Illies (1966) and Zwick (1973). Zwick (1973) listed "anterior tips of

internal genitalia fused to form a loop", "larvae with respiratory hairs" and "atypical

longitudinal muscles" as synapomorphies for the order. McCafferty et al. (1990)

conservatively estimated the world Plecoptera diversity to be 2,141 species. These

species are grouped into two suborders based on Zwick (1973): the Arctoperlaria of

northern hemisphere origin, and the less numerically diverse Antarctoperlaria of southern

hemisphere origin. In North America north of Mexico, there are currently 615 described

species (B. P. Stark, pers. com.) all belonging in the suborder Arctoperlaria.

Stoneflies exhibit univoltine or semivoltine life cycles (Stewart and Stark 1988)

and their aquatic larvae are (Stewart and Harper 1995) are typically found in cool, highly

oxygenated water; however, a few species such as Zealeuctra claasseni (Frison) (Snellen

and Stewart, 1979) and Calileuctra ephemera Shepard and Baumann (1995) are found in

streams that warm or dry up during summer. Larval food habits vary greatly from

herbivory to carnivory, and diet may switch during development of some species (Stewart

and Stark 1988). Generally, species in the Group Euholognatha are herbivore-detritivore

and those in the Group Systellognatha are omnivorous or carnivorous. Additionally, the
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larvae of most species are intolerant of anthropogenic activities and are considered to be

excellent indicators of water quality (Rosenburg and Resh 1993).

Adult stoneflies are ephemeral, with life spans usually ranging from 1-4 weeks,

although, winter emergers may have greater longevity (Stewart and Harper 1995). Adults

of the Suborder Arctoperlaria are unusual in that both sexes produce species-specific

vibrational signals either by percussion (i.e. tapping their abdomen against the substrate)

or by tremulation (i.e. body movements without striking substrate). This behavior, long

termed "drumming" has been presumed to be a mate finding communication. Hynes

(1976) and Hitchcock (1974) provided general accounts of the biology and ecology of

stoneflies, and Stewart (1994) provided a theoretical framework for the study of mate

finding in stoneflies.

Most of the North American stonefly fauna, north of Mexico, has been

documented through regional and systematic studies conducted over the last century

(Stewart and Stark 1988, Merritt and Cummins 1996). These studies have left few new

species discoveries to be made with recent and projected few undescribed species

typically occurring in specialized, unusual or less accessible habitats (K.W. Stewart,

personal comm.). However, because species are traditionally based mainly on external

morphology and genitalia of adults, it is recognized that numerous cryptic species groups

exist in several families and genera. Delineation of their species will require revisionary

study utilizing combinations of characteristics from additional lines of evidence such as

internal morphology, behavior, biochemistry, genetics and ecology of all life stages.

Recent examples of such groups and studies include: Isoperla (Szczytko and Stewart
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1979), Acroneuria (Stark and Gaufin 1976), Neoperla (Stark and Baumann 1978, Ernst et

al. 1986, Stark and Lentz 1988), and Perlesta (Stark 1989). Examples of other

Arctoperlarian stonefly groups in need of such revision include the genus Leuctra

(Leuctridae) and the chloroperlid tribes Suwalliini and Alloperlini (R. F. Surdick, pers.

com.). The research described in the following chapters has focused on revision of the

stonefly tribe Suwalliini Surdick (Chloroperlidae), utilizing mainly external and internal

genitalia of adults (particularly genitalia) and chorionic characteristics of eggs, and on

studies of search behaviors of selected species from the families Perlidae and

Chloroperlidae that have evolutionary and potentially phylogenetic importance.

Stoneflies of the monophyletic, chloroperlid tribe Suwalliini are small (<12 mm

body length), yellowish or greenish, and characterized by the rounded or button-like

epiproct and digitate hemitergal processes of the male (Surdick 1985). The females

typically have a large flap-like subgenital plate and the hyporheic larvae are carnivorous.

There are currently seven species described from North America, eight from the eastern

Palearctic and my research has resulted in the discovery of 5 new species (Chapter 1,

Table 1). The adults emerge in the summer months from mountain and alluvial streams

of all sizes, and, in a few species, along the shores of cold water lakes.

The seven Nearctic Suwallia species, particularly Suwallia pallidula , have

historically been considered to have wide ranges. My research over the last five years has

indicated that the genus, at least in North America, is comprised of a complex of

morphologically similar species, some with restricted ranges. The projection of

additional undescribed species is based on examination of field extruded aedeagi of
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numerous males from the northern Rocky Mountains and the Pacific Northwest that has

provided a new suite of systematically useful characters. These include distinct lobation,

spinule patterns, and patches of sclerotization.

The lack of detailed comparative study of external genitalia, pigment patterns and

soft internal genitalia of males and internal genitalia of females has created taxonomic

problems within this genus. Illustrations in the literature have added to the problems,

with different authors making different illustrations for the same species or the same

illustration for different species. Rigorous collecting, field extrusion of the male aedeagi

and a complete systematic revision of the genus have been needed to resolve these

problems.

Chapter 2 of this dissertation deals with the historical research on the Tribe

Suwalliini and my revisionary work. I have assembled a collection with representatives

of all species described worldwide except S. asiatica, whose presumed females but not

males, I have recently acquired from V. Teslenko of the Far Eastern Branch of the

Russian Academy of Sciences, Vladivostok. My continuing research on revising this tribe

has concentrated on western North American species, with phylogenetic and

zoogeographic analyses of the worldwide fauna based on the ideas of Hennig (1966). The

revision, modelled after Stark and Nelson (1994), addresses the following critical

objectives to: redescribe and illustrate all known species; describe and illustrate all

currently undescribed species; develop distributional ranges and zoogeographic affinities

for species; correlate larvae and adults through rearing to further document generic level

larval characters; and conduct phylogenetic and zoogeographic analyses to determine
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evolutionary and dispersal patterns.

This revision provides information useful for biomonitoring and protection of

freshwater environments because of the habitat of the larvae. The hyporheic habitat of

the larval stages of Suwalliini make them highly susceptible to stream flow regulation,

sedimentation due to poor land management practices and pollutants, especially those that

tend to settle into hyporheic zones. Stanford and Ward (1993) stated that some species

unique to hyporheic habitats may have already been extirpated. Zwick (1992)

documented the loss of Plecoptera and fish biodiversity due to human impacts and habitat

fragmentation in both rhithral and potamal systems of Europe. Currently, the Pacific

coast and northern Rocky Mountains regions of North America, where the diversity of

Suwalliini stoneflies appears to be the highest, are experiencing human induced problems

with riverine systems similar to those that have historically occurred in Europe. The

distribution of Suwalliini species in small and large rivers of California, the Pacific

Northwest and northern Rocky Mountains, and the high susceptibility of these insects to

anthropogenic effects make members of this tribe excellent organisms for use in

biomonitoring plans in those regions. This systematic revision of the Tribe Suwalliini,

complete with a key for identification of species, will therefore provide useful and

additional information on the potential health of regional stream environments.

Biological diversity not only encompasses morphological and distributional

aspects but ecological and behavioral aspects as well (Wilson 1988). The unusual adult

communication behaviors of adult stoneflies has attracted previous University of North

Texas doctoral students such as M. Maketon, S. Szczytko and D. Zeigler to study the
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diversity of drumming patterns. Chapter 3 of this dissertation presents a field based study

on mate finding behavior of the Gunnison River, Colorado, U.S.A. population of

Claassenia sabulosa Banks (Plecoptera: Perlidae) and Chapter 4 presents a laboratory-

based study on the mate searching behavior of Perlinella drymo Newman (Plecoptera:

Perlidae). Chapter 5, the portion of research presented at the XIIth International

Symposium on Plecoptera in Lausanne, Switzerland, represents an overview of laboratory

and field based studies into how three different stonefly species in the families

Chloroperlidae and Perlidae, living in different habitats, utilize drumming and encounter

sites to locate mates. These studies were designed to test the proposals put forth by

Stewart (1994) on stonefly adult communication and search behaviors, and to describe

behaviors that may prove to be useful lines of evidence that could be used to make more

holistic phylogenetic inferences within the Arctoperlaria.



REFERENCES

Ernst, M. R., B. C. Poulton and K. W. Stewart. 1986. Neoperla (Plecoptera: Perlidae)

of the southern Ozark and Ouachita mountain region, and two new species of

Neoperla. Ann. Entomol. Soc. Am. 79: 645 - 661.

Hennig, W. 1966. Phylogenetic systematics. Translated by D. D. Davis and R. Znagerl,

University of Illinois Press, Urbana. 263 pp.

Hitchcock, S. W. 1974. Guide to the insects of Connecticut. Part VII. The Plecoptera or

stoneflies of Connecticut. Bulletin of the Connecticut State Geological and

Natural History Survey 107: 1 - 262.

Hynes, H. B. N. 1976. The biology of Plecoptera. Ann. Rev. Entomol. 21: 135 -

153.

Illies, J. 1966. Katalog der rezenten Plecoptera. Das Tierreich, 82. Walter de Grueyter,

Berlin. 623 pp.

McCafferty, W. P., B. P. Stark and A. V. Provonsha. 1990. Ephemeroptera, Plecoptera,

and Odonata. pp. 43 - 58 in Kosztarab, M. and C. W. Schaefer (eds.).

Systematics of the North American insects and arachnids: status and needs.

Virginia Polytechnic Institute and State University, Blacksburg, Virginia. 247 pp.

Merritt, R. W. and K. W. Cummins (eds.). 1996. An introduction to the aquatic insects

of North America, 3rd ed. Kendall Hunt, Dubuque, Iowa. 862 pp.

Rosenberg, D. M. and V. H. Resh (eds.). 1993. Freshwater biomonitoring and benthic

7



8

macroinvertebrates. Chapman and Hall, New York. 488pp.

Shepard, W.D. and R.W. Baumann. 1995. Calileuctra, a new genus and two new

species of stoneflies from California (Plecoptera: Leuctridae). Great Basin Natur.

55(2): 124-134.

Snellen, R.K. and K.W. Stewart. 1979. The life cycle and drumming behavior of

Zealeuctra claasseni (Frison) and Zealeuctra hitei Ricker and Ross (Plecoptera:

Leuctridae) in Texas, USA. Aq. Ins. 1: 65-89.

Stanford, J. A. and J. V. Ward. 1993. An ecosystem perspective of alluvial rivers:

connectivity and the hyporheic. J. N. Amer. Benthol. Soc. 12(1): 48 - 60.

Stark, B. P. 1989. Perlestaplacida (Hagen), and eastern Nearctic species complex

(Plecoptera: Perlidae). Entomol. Scand. 20: 263 - 286.

Stark, B. P. and A. R. Gaufin. 1976. The Nearctic species of Acroneuria (Plecoptera:

Perlidae). J. Kans. Entomol. Soc. 49: 221 - 253.

Stark, B.P. and R.W. Baumann. 1978. New species of Nearctic Neoperla (Plecoptera:

Perlidae), with notes on the genus. Great Basin Natur. 38: 97 - 114.

Stark, B. P. and D. L. Lentz. 1988. New species of Nearctic Neoperla (Plecoptera:

Perlidae). Ann. Entomol. Soc. Am. 81: 371 - 376.

Stark, B. P. and C. R. Nelson. 1994. Systematics, phylogeny and zoogeography of genus

Yoraperla (Plecoptera: Peltoperlidae). Entomol. Scand. 25(3): 241 - 273.

Stewart, K. W. 1994. Theoretical considerations of mate finding and other adult

behaviors of Plecoptera. Aquat. Insects 16(2): 95 - 104.

Stewart, K. W. and P. P Harper. 1996. Plecoptera, pp. 217 - 266. in R. W. Merritt and



9

K. W. Cummins (eds.), An introduction to the aquatic insects of North America,

3rd ed. Kendall Hunt, Dubuque, Iowa. 862 pp.

Stewart, K. W. and B. P. Stark. 1988. Nymphs of North American Stonefly Genera

(Plecoptera). Entomol. Soc. Am., Thomas Say Foundation 12: 1 - 460.

Surdick, R. F. 1985. Nearctic genera of Chloroperlinae (Plecoptera: Chloroperlidae).

Ill. Biol. Mono. 54: 1 - 146.

Szczytko, S. W. and K. W. Stewart. 1979. The genus Isoperla (Plecoptera) of western

North America: holomorphology, and systematics, and a new stonefly genus

Cascadoperla. Mem. Am. Entomol. Soc. 32.

Wilson, E. 0. (ed.). 1988. Biodiversity. National Academy Press, Washington, D.C.

521 pp.

Zwick, P. 1973. Insecta: Plecoptera. Phylogenetisches System und Katalog. Das

Tierreich 94. Walter de Gruyter, Berlin. 465 pp.

Zwick, P. 1992. Stream habitat fragmentation - a threat to biodiversity. Biodiver.

and Conserv. 1: 80-97.



CHAPTER 2

SYSTEMATICS OF THE STONEFLY TRIBE SUWALLIINI SURDICK

Introduction

The chloroperlid stonefly tribe Suwalliini was erected as a monophyletic group by

Surdick (1985) to include species with the following apomorphies: 1) hairy button-like

epiproct tip, 2) tergum ten of male modified into hemitergal processes and 3) reduced

adult mandibles. This tribe, prior to this study, included the 15 member genus Suwallia

Ricker and the monotypic genus Neaviperla Ricker. There are eight Palearctic and seven

Nearctic previously described species in this tribe (Table 1), primarily distinguished by

external genitalic characters. However, the genus Suwallia is relatively poorly known and

species descriptions have been inadequate because of the lack of detailed comparative

study of the relatively indistinct external genitalia, pigment patterns and soft internal

genitalia of adults, and characteristics of eggs and larvae.

Ricker (1943) erected Suwallia as a subgenus of Alloperla Banks to include the

species Alloperlapallidula Banks and Alloperla autumna Hoppe that possess finger-like

hemitergal processes and small membranous epiprocts. At the time, Alloperla dubia

Frison was improperly synonymized with A. pallidula but was recognized to possess the

characters of Suwallia. Jewett (1955) placed Alloperla lineosa Banks within Suwallia

and Gaufin (1964) included Alloperla marginata Banks. Illies (1966) elevated Suwallia

to full generic status then Zwick (1971) and Zwick et al. (1971) included the Palearctic

10
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species Suwallia kerzhneri (Zhiltzova and Zwick), Suwallia nipponica (Okamoto),

Suwallia teleckojensis (Samal) and Suwallia tsudai (Kawai). Ricker (1943) also erected

Neaviperla as a subgenus of Alloperla to include the single species Allopera forcipata

Neave that possesses the same characters as Suwallia species plus the autapomorphies of

modified cerci and an anteriorly directed processes of the ninth tergum. Illies (1966)

raised this subgenus to generic status and it has remained monotypic.

Baumann et al. (1977) provided partial illustrations of the aedeagi of S. pallidula,

S. lineosa and S. autumna (Hoppe). Surdick (1985) illustrations of the type species S.

pallidula resembled that illustrated for S. autumna by Gaufin et al. (1972), and both of

these are different from any aedeagus figured in Baumann et al. (1977). The lack of

description and illustration of the aedeagus of Suwallia types, these conflicting

illustrations, and my discovery of variant aedeagi of males fitting the description of S.

pallidula led me to undertake this revision of the genus and to evaluate the potential

taxonomic importance of aedeagal and other internal genitalic characters, adult pigment

patterns and egg characters. This revision concentrates on western North American

species while providing coverage of all species, except Suwallia asiatica Zhiltzova and

Levanidova where only presumed females have been available for study.

Materials and Methods

I located and studied the holotypes of S. autumna, S. dubia, S. lineosa, S.

marginata, S. pallidula and S. tsudai (Kawai) from the type depositories listed under each

individual species account. Paratypes of S. decolorata Zhiltzova and Levanidova, S.
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forcipata, S. kerzhneri Zhiltzova and Zwick, S. sachalina Zhiltzova, S. sierra Baumann

and Bottorff, S. talalajensis Levanidova and Zhiltzova and S. wardi Kondratieff and

Kirchner were studied in place of holotypes that were generally unavailable for loan or

are recently described. Original descriptions and determined specimens sent from

colleagues were used for all other species not listed above when types were unavailable.

The type localities of S. dubia, S. lineosa and S. pallidula were visited to obtain fresh

material with extruded aedeagi.

Additional known localities, and previously unrecorded streams were collected in

the states of California, Colorado, Idaho, Montana, New Mexico, Oregon, Utah,

Wyoming and Washington during the summers of 1994 through 1996. Collection by the

author in National Parks were collected under permits: NOCA 01-96 for North Cascades

National Park Complex, OLYM R/C 96-20 for Olympic National Park, and N2219 for

Sequoia and Kings Canyon National Parks.

Males were prepared for study in the field by extruding the aedeagus by

squeezing the abdomen with 3mm round-tipped, featherweight forceps until full extrusion

was observed. They were then preserved in 70% ethanol as were females collected at the

same time. Larvae, often difficult to locate, were occasionally collected. They were

maintained in 6-pack styrofoam containers kept on ice in larger ice chests in the field.

Containers were checked daily, and correlated adults, exuviae and larvae were preserved

in 70% ethanol.

In addition to extensive field collecting, the following individuals or institutions

loaned specimens used in this study: B.P. Stark, Mississippi College (BPS); R. W.
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Baumann, Brigham Young University (BYU); Vince Lee and Wolciech J. Pulawski,

California Academy of Sciences (CAS); Bob Skidmore and Raymond Hutchison,

Canadian National Collection (CNC); B.C. Kondratieff, Colorado State University

(CSU); E. DeWalt and D.W. Webb, Illinois Natural History Survey (INHS); Jayne Earle,

Mount Holly Springs, Pennsylvania (JE); Y. Isobe and T. Kawai, Nara Women's

University, Japan (NWU); R.L. Bottorff, South Lake Tahoe, California (RLB); R.F.

Surdick, Front Royal, Virginia (RFS); Philip Perkins, Museum of Comparative Zoology,

Harvard University (MCZ); G. Kraft, Western Washington University (WWU); Peter

Zwick, Schlitz, Germany (PZ). Additionally, the following individuals and institutions

donated material for this study: E. Mastellar, Penn State University-Erie; C.R. Nelson,

University of Texas; W.E. Ricker, Nanaimo, British Columbia; T. Shimizu, Tokyo

University of Agriculture; V. Teslenko, Russian Academy of Sciences-Far Eastern

Branch; J.M. Tierno de Figueroa, University of Granada, Spain; and L. Zhiltzova,

Russian Academy of Sciences.

Male and female specimens were prepared for study using light microscopy by

removing the abdomen using iris dissecting scissors and placing it in a deep well

depression slide filled with glycerol, to which 3-5 drops of lactic acid were added. This

preparation slightly cleared the genitalia and provided good visual properties for light

microscopy. Once returned to 70% ethanol for storage the abdominal tip appears

unaltered. Also, abdomens were prepared for study by boiling in potassium hydroxide

until transparent. Then, optimum presentation of cleared male and female genitalia was

achieved by blowing out degraded viscera using a 0.5ml syringe filled with 70% ethanol
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inserted into the cut end while holding the cuticle against the bottom of a watch glass

with the needle to prevent movement.

Prepared specimens were examined and critically studied using a WildTM M5

Stereomicroscope with dark and light field base. A camera lucida attachment was used

to make initial illustrations of the right half of female subgenital plates with the left half

added by tracing on a light table. Final illustrations were done in India ink using a

0.25mm pen nib. Illustrations of adult coloration were done on using a chloroperlid body

shape pattern redrawn from Baumann et al. (1977) with patterning added using various

graphite and grease pencils.

Specimens used for scanning electron microscopy (SEM) were collected or

obtained from the following localities:

Suwallia amoenacolens - U.S.A. CALIFORNIA: Tulare Co., Kaweah River,

Middle Fork in Tokopah Canyon, 13-VII-1996, KDA96-118, K.D. Alexander

Suwallia autumna - CANADA. BRITISH COLUMBIA: Princeton, 24-IX-1952,

D.G. Denning.

Suwallia bimaculata - JAPAN. HONSHU. Taki-gawa, 430nh, Ogumi-machi,

Yamagata, 08-VIII-1992, T. Hattori.

Suwallia decolorata - RUSSIA. PRIMORSK TERRITORY: Russian Far East,

Reservation Kedroraja Pad', 25-VII-1975, L. Zhiltzova.

Suwallia dubia - U.S.A. OREGON: Lane Co., Salt Creek above Salt Creek Falls,

21-VII-1995, KDA95-139, K.D. Alexander and L.A. Stewart.

Suwalliaforcipata - U.S.A. WASHINGTON: Whatcom Co., Nooksack River,
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Middle Fork. at Mosquito Lake Rd., 20-IX-1994, Kraft and Sammeth.

Suwalliajezoensis - JAPAN. HOKKAIDO: Higashino-dottomari Riv.,

Nozzuka, Richiri Is., 07-X-1968, Masahiko Sato.

Suwallia kerzhneri - RUSSIA. KAMCHATKA: Vil. Milkowo (Autonouka-

Arm), 27-VII-1968, Nikolajeva.

Suwallia lineosa - CANADA. YUKON TERRITORY: Lone Tree Creek,

60 17'N, 132 68'W, 23-VII-1981, S.G. Cannings.

Suwallia marginata - U.S.A. VIRGINIA: Grant Co., nr. Fairwood, Lewis Fork of

Fox Creek, 02-VII-1978, F. Kirchner, G.T. and M.W. Voreh.

Suwallia nipponica - JAPAN. HONSHU: Shinihotaka-onsem, Kamitakaro-mura,

Gifu, 30-VII-1990, T. Shimizu and S. Uchida.

Suwalliapallidula - U.S.A. NEW MEXICO: San Miguel Co., Porvenir Creek,

Porvenir Canyon at Porvenir Campground, 16-VIII-1996, KDA96-155, K.D. Alexander,

L.A. Stewart,S.M. Stringer and S. Thomas.

Suwallia sachalina - RUSSIA. SAKHALIN: Ljutoga River, 04-VII-1973, L.

Zhiltzova.

Suwallia salish - U.S.A. MONTANA: Flathead Co.; Yellow Bay of Flathead

Lake, 14-VII-1994, K.D. Alexander and L.A. Stewart.

Suwallia shepardi - U.S.A. CALIFORNIA: Mariposa Co., Cuneo Creek, 1.5 mi.

NE Coulterville, 17-IV-1992, W.D. Shepard.

Suwallia sierra - U.S.A. CALIFORNIA: Sacramento Co., small s. bank trib. to

Cosumnes River, upstream of Michigan Bar bridge, 29-IV-1986, R.L. Bottorff.
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Suwallia starki - U.S.A. MONTANA: Gallatin Co., Madison River, S. Fork at

Hwy. 20, W. of West Yellowstone, 03-VIII-1995, KDA95-160, K.D. Alexander and L.A.

Stewart.

Suwallia sublimis - U.S.A. CALIFORNIA: Mono Co., Latopie Lake Outlet,

Emigrant Wilderness, 11-VIII-1990, C.B. Barr and W.D. Shepard.

Suwallia talalajensis - RUSSIA. MORGADAM PROV., Sibit-tiellakh, Stream

O1' en', 24-VII-1977, L. Zhiltzova.

Suwallia teleckojensis - RUSSIA. SIBERIA: Rio Archan, 800-900 m.s.m.,

Archan, Buriatya, 07-IX-1995, J.M. Tierno and A. Sanchez-Ortega.

Suwallia wardi - U.S.A. COLORADO: Larimer Co., Small stream entering

upper pond at Ben Delatour Scout Ranch, 21-VI-1990, B.C. Kondratieff.

Wings, of males used in SEM, were removed and the specimens were placed in

90% ethanol for 30 minutes. They were then dehydrated in three consecutive ten minute

washes of 100% anhydrous ethanol, followed by critical point drying. Specimens with

abdomens intact were mounted on stubs using double sided copper tape and sputter

coated with gold using a Polaron Instruments, Inc. SEM Coating Unit E5100. They were

then photographed using a Polaroid 545 land film holder attached to a JEOL JSM-T300

scanning electron microscope.

Ova used in SEM were dissected from gravid females and placed in 100%

acetone. Ova were then ultrasonically cleaned for approximately one minute and removed

to air dry. Individual, dried ova were transferred and mounted on stubs using double-

sided copper tape. Sputter coating and SEM study then followed in the same manner as
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males.

Scanning electron microscopy was used to further elucidate morphological

characters of males and eggs, and to correlate them with more traditional characters such

as color pattern to provide more "user-friendly" keys. Some species have subtle

characters, and therefore separation of some species remains difficult.

Results

An estimated 10,000 specimens were studied by the various methods listed above.

All species, except S. asiatica, were studied and presumed females of that species have

been received from V. Teslenko of the Russian Academy of Sciences, Far Eastern

Branch, Vladivostok. I am in the process of further attempts to obtain males of S.

asiatica before inclusion of this species into the key or completion of a cladogram.

Taxonomic characters

Internal male genitalia - The terminology used here to refer to aedaegal characters is

based on Alexander and Stewart (in press). The aedaegus (Fig. 21B) of Suwalliini

species consists of base, median body and apex. The body of the aedeagus is often lobed

(Fig. 18B) but may be relatively smooth (Fig. lA). Unique small projections of spinulae

are grouped and arranged in patterns (Fig. 6B) on the aedeagus with the shape of the basal

patch (Fig. 1B,BP) sometimes being diagnostic. These projections may either be lightly

(Fig. 1B) or darkly (Figs. 3D, 4D) sclerotized. Darkly sclerotized patches can be

observed without aedeagal eversion however, lightly sclerotized projections require full
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aedeagal eversion for observation. Suwallia autumna is unique among known Suwalliini

in that it possesses a long sclerotized appendage (Fig. 3D) on the dorsal surface of the

aedaegus.

External male genitalia - The epiproct (Fig. 1A,EPI) is small and weakly sclerotized. It is

covered (Fig. 19B) or margined (Fig. 8B) with varying densities of hairs. The shape and

setal armature are distinctive. The hemitergal processes (Fig. 1 A, HTP) of the tenth

tergum vary in density of hairs, length, and curvature. Tips of these processes may be

blunt (Fig. 8A,B) or sharply pointed (Fig. 4A). The shape and length of tergum nine (Fig.

1A,9) is also diagnostic for some species.

Female genitalia - The subgenital plate (Fig. 1D) is typically tongue-shaped and strongly

produced over sternum 9. Frequently the apex or lateral sides may be notched, depressed

or indented (Figs. 3E, 4E, 16C, 20C). The posterior margin often bares a border of setae

and the anterior margin may be incised (Figs. 7D, 8D, 17D) making it narrowly attached

to the preceding segment.

Egg - Most Suwalliini eggs have short, unstalked collars (Figs. 4C, 13C) but some

species lack collars (Figs. 1 C, 11C). The chorion is relatively smooth (Fig. 11 C) or may

be modified with irregular, short tubercles (Figs. 13C, 18C, 23C) or pits (Figs. 6C, 21C).

Micropyles (Fig. 1 C) have slanted orifices and occur near the posterior pole. No eclosion

lines are visible.

Color patterns - General body color can be tan, yellow or green. Head color patterns vary

from concolorous (Fig. 1E) to patterned with tan (Fig. 21E) or black (Fig. 4F)

pigmentation patterns. Pronota may be margined completely (Fig. 1OE) or partially (Fig.
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6E, 8E, 11E) with dark or dusky pigment and the median ecdysial suture may be dark

(Fig. 6E). A median, dorsal abdominal stripe may be present (Figs. 3F, 22D) or not (Fig.

5E), and vary in width and number of abdominal segments traversed. The Glade

containing S. bimaculata (Okamoto), S. nipponica (Okamoto), S. sachalina (Zhiltzova),

and S. tsudai all possess solid, black pigmentation on the head (Figs. 4F. 12E, 14C, 22D)

and on some species the pronotum (Fig. 4F, 12E) as well. This pigmentation is visibly

different from dark pigmentation evident in other species within this tribe.

When using color patterns caution must be used because they may be variable

within a species and even within a population. However, general trends exist and fairly

consistent color patterns are used in the following descriptions.

Key to adult males.*

1. Dorsum of head with large region of solid, black pigment (Figs. 4F, 12E,

13C); epiproct without hairs on dorsal surface, although posteriorly

directed hairs are present at base of epiproct (Figs. 4B, 12A, 14A) .... 2

-- Dorsum of head without black pigment (Figs. 5E, 8E, 13E), at most with

dark, not black, pigment in ocellar triangle and forward to anterior margin

of head; epiproct with dorsal surface at least moderately covered or

margined with hairs (Figs. 5B, 13A) ............................. 5

2(1). Pronotum with black pigmentation (Fig. 4F, 12E) .................. 3

-- Pronotum entirely lacking black pigmentation although dark pigmentation

*except S. asiatica.



20

may be present (Fig. 14C, 22D) ................................ 4

3(2). Head and pronotal disc entirely black; epiproct with single posteriorly

directed spine; epiproct membranous without sclerotized structure (Fig.

12A,E) ............................................ nipponica

-- Dorsum of head with black pigmentation restricted to ocellar triangle and

forward to clypeus; pronotal disc with two elliptical regions of black

pigmentation; epiproct with two posteriorly directed spines; aedeagus with

'V'-shaped patch (Figs. 4B,D,F) ........................ bimaculata

4(2). Dorsum of head with median black region extending to anterior margin of

head; pronotal disc tan with lighter rugosities; tergum nine extended

posteriorly; hemitergal processes moderately extended; epiproct broadly

rounded anteriorly, U-shaped (Figs. 22A,B,D) ................ tsudai

-- Dorsum of head with median black region not reaching anterior margin of

head; pronotal disc entirely tan including rugosities; Tergum nine not

greatly extended posteriorly; hemitergal processes very short, barely

present; epiproct acutely pointed anteriorly, V-shaped (Figs. 14A,C)

.................................................. sachalina

5(1). Cereal segment one elongate (>4X width) and curved; tergum nine

modified into an anteriorly directed spine (Fig. 7A) ......... forcipata

-- Characters not as above; cerci may be curved but segment one not highly

elongate (<3X width) (Fig. 17A); tergum nine without anteriorly directed

spine ....................................................... 6
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6(5). Hemitergal processes present (Fig. 13A); posterior margin of tergum nine

extended or straight ........................................... 8

-- Hemitergal processes absent (Fig. 17A); posterior margin of tergum nine

recessed ................................................... 7

7(6). Hemiterga 10 sparsely hirsute; angle of recessed area between hemiterga

10 greater than 450 (Fig. 17A) ............................. sierra

-- Hemiterga 10 densely hirsute; angle of recessed area between hemiterga

10 less than 300 (Fig. 16A) .............................. shepardi

8(6). Dorsal surface of epiproct covered entirely by hairs (Figs. 6A, 13A) ... 11

-- Dorsal surface of epiproct margined with stiff, dorsally-directed hairs with

central region of disk bare (Figs. 8B, 1 0A) ....................... 9

9(8). Aedeagus with sclerotized V-shaped patch on posterodorsal surface (Figs.

9C,10D)...............................................10

-- Aedeagus without sclerotized V-shaped patch .............. jezoensis

10(9). Ocellar triangle darkly pigmented; hemitergal processes apically acute

(Fig. 9A,E) ........................................... kerzhneri

-- Ocellar triangle not darkly pigmented; hemitergal processes apically blunt

(Figs. 10A,E) .......................................... lineosa

11(8). Epiproct disc-like, flat dorsally (Fig. 5B, 20A) .................... 12

-- Epiproct a hirsute, dorsally rounded knob (Fig. 3B, 11A, 13A) ....... 16

12(11). Aedeagus with a sclerotized structure (Figs. 5C, 21B) .............. 13

-- Aedeagus without a sclerotized structure (Fig. 6B) ................. 14
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13(12). Head and body unpigmented, except for occasionally with a faint, median

abdominal stripe; epiproct sparsely covered with short stout hairs;

aedeagus with curved T-shaped, sclerotized structure (Figs. 5C,E)

.................................................. decolorata

-- Head with ocellar triangle darkly pigmented; Body with broad median

pronotal and abdominal stripe; epiproct with fine posteriorly-directed

hairs; aedeagus with V-shaped sclerotized structure (Figs. 21B,E)

............................................. teleckojensis

14(12). Epiproct disc longer than wide ................................ 15

-- Epiproct disc sub-circular; aedeagus with postero-dorsal patch of fine

spinulae arranged in the shape of an inverted mushroom (Figs. 6A,B)

................................................. dubia

15(14). Head pigmented in ocellar triangle and forward to clypeus; hemitergal

processes straight but bent basally; epiproct densely covered with fine

hairs (Figs. 20A,D) ................................. talalajensis

-- Head unpigmented; hemitergal processes curved; epiproct moderately

covered with stout hairs (Figs. 19A,E) ..................... sublimis

16(11). Aedeagus with a long, sclerotized, sinuate rod; epiproct very small,

sparsely hirsute (Fig. 3B,D) ............................. autumna

-- Aedeagus without sclerotized rod; epiproct variable but not as above . . 17

17(16). Posterior margin of tergum nine with median third extended posteriorly to

form a tab (Fig. 11lA, 18A), occasionally may be folded under ........ 18
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-- Posterior margin of tergum nine extended or not, but not forming a tab in

median third (Figs. 13A, 23A) .................................. 19

18(17). Epiproct longer than wide ; aedeagus with two dorsal lobes; eastern North

America (Figs. 11 A,B) ............................... marginata

-- Epiproct sub-circular or sub-triangular; aedeagus with three dorsal lobes;

western North America (Fig. 18A,B) ......................... starki

19(17). Aedeagus tubular, without major lobation (Figs. 1B, 13B, 15B);

hemitergal processes hirsute (Figs. 1 A, 13A, 15A) ................. 20

-- Aedeagus with two dorsal, and sometimes one median, lobe; hemitergal

processes without hairs; larger than 10mm body length; green in life (Figs.

23A, B)................................................ wardi

20(19). Fine spinulae near base of aedeagus arranged as a T-shaped patch; epiproct

circular (Figs. 15A, B) ..................................... salish

-- Fine spinulae near base of aedeagus arranged as a triangular or hexagonal

patch; epiproct not circular .................................... 21

21(20). Fine spinulae near base of aedeagus arranged in a triangular patch;

epiproct a dense brush of posteriorly directed hairs

(Figs. 1A,B) ..................................... amoenacolens

-- Fine spinulae near base of aedeagus arranged in a hexagonal patch;

epiproct subtriangular with short, dorsally directed hairs (Figs. 13A, B)

.................................................. pallidula
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Key to adult females.**

1. Dorsum of head with large region of black pigment (Figs. 4F, 12E, 22D) 2

-- Dorsum of head without black pigment, at most with dark, not black,

pigment in ocellar triangle and forward to anterior margin of head

(Figs. 5E, 8E, 13E) ........................................... 5

2(1). Pronotum with black pigmentation (Figs. 4F, 12E) .................. 3

-- Pronotum entirely lacking black pigmentation although dark pigmentation

may be present (Figs. 14C, 22D) ............................... 4

3(2). Head and pronotal disc entirely black; lateral and apical margins of

subgenital plate straight with at most a slight lateral indention

(Figs. 12D,E) ....................................... nipponica

-- Dorsum of head with black pigmentation restricted to ocellar triangle and

forward to clypeus; pronotal disc with two elliptical regions of black

pigmentation; subgenital plate laterally and apically emarginate

(Figs. 4E,F) ........................................ bimaculata

4(2). Dorsum of head with median black region extending to anterior margin of

head; pronotal disc tan with lighter rugosities; apex of subgenital plate

broadly rounded (Figs. 22C,D) ............................ tsudai

-- Dorsum of head with median black region not reaching anterior margin of

head; pronotal disc entirely tan including rugosities; apex of subgenital

plate truncate, corners subangular (Figs. 14B,C) ............ sachalina

except S. asiatica
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5(1). Subgenital plate basally incised (Figs. 9D, 17D, 18D) ............... 6

-- Subgenital plate not basally incised but attached to preceding segment

over its entire width (Figs. 6D, 19D, 21D)........................15

6(5). Cereal segment one elongate, length greater than four times its width

(Fig. 7D) ........................................... forcipata

-- Cercal segment one not elongate, length less than three times its width

(Figs. 3E, 15D, 17D) ........................................ 7

7(6). Apex of subgenital plate truncate (Figs. 9D, 16C) .................. 8

-- Apex of subgenital plate rounded (Figs. 3E, 6D, 21D) .............. 11

8(7). Subgenital plate laterally emarginate (Figs. 15D, 17D) ............... 9

-- Lateral margins of subgenital plate straight, not emarginate

(Fig. 9D) ........................................... kerzhneri

9(8). Attachment of subgenital plate across more than three-fourths the width of

preceding segment (Fig. 15D) .............................. salish

-- Attachment of subgenital plate across less than two-thirds the width of

preceding segment (Figs. 16C, 17D) ............................ 10

10(9) Subgenital plate apex truncate or emarginate (Fig. 16C) ....... shepardi

-- Subgenital plate apex not emarginate (Fig. 17D) ............... sierra

11(7). Lateral margins of subgenital plate emarginate (Figs. 3E, 5D) ........ 12

-- Lateral margins of subgenital plate straight, not emarginate (Figs. 8D,

18D,23D) ............................................... 13

12(11). Subgenital plate attached to preceding segment over less than half its
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width, general body color dark (Fig. 3E) ................... autumna

-- Subgenital plate attached to preceding segment over more than three-

fourths its width; general body color light, unpigmented except for

occasionally with a faint median, abdominal stripe

(Figs. 5D,E) ......................................... decolorata

13(11). Subgenital plate long, slender, tongue shaped (Fig. 8D) ....... jezoensis

-- Subgenital plate broadly rounded (Fig. 18D, 23D) ................. 14

14(13). Subgenital plate laterally emarginate near base (Fig. 18D) ........ starki

-- Subgenital plate not laterally emarginate (Fig. 23D) ............. wardi

15(5). Head with ocellar triangle darkly pigmented (Figs. 20D, 21E) ........ 16

-- Head with ocellar triangle not darkly pigmented (Figs. lE, 13E) ...... 17

16(15). Apex of subgenital plate broadly truncate (Fig. 20C) ....... talalajensis

-- Apex of subgenital plate narrowly truncate (Fig. 21D) ..... teleckojensis

17(15). Subgenital plate laterally emarginate (Figs. 1 D, 19D) ............... 18

-- Subgenital plate not laterally emarginate (Figs. 6D, 11iD) ........... 19

18(17). Apex of subgenital plate emarginate (Figs. 19D) ............. subfimis

-- Apex of subgenital plate straight or slightly extended (Figs. 1D)

.............................................. amoenacolens

19(17). Apex of subgenital plate broadly truncate (Fig. 6D) ............. dubia

-- Subgenital plate subtriangular, apex narrowed (Figs. 1OD, 11iD, 13D) . . 20

20(19). Subgenital plate laterally emarginate (Fig. 13D) ............. pallidula

-- Subgenital plate not laterally emarginate (Figs. 1OD, 11D) .......... 21
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21(20). Apex of subgenital plate narrowly rounded; WNA (Fig. 1OD) .... lineosa

-- Apex of subgenital plate broadly rounded; ENA (Fig. .11 D) ... marginata

Species Accounts.

Suwallia amoenacolens, n. sp.

Figs. 1A-E.

Male. - Body length ca. 5-6mm. General color yellow in life. Head concolorous.

Anterior and lateral margins of pronotum dark. Abdomen with median dark stripe to

segment eight (Fig. 1 E). Distal half of antennae darkly pigmented. Legs concolorous

except for darkly pigmented tarsi. Hemitergal processes anterio-medially curved, acutely

pointed. Epiproct circular with posteriorly directed tuft of hairs (Fig. 1A). Aedeagus

membranous with a triangular basal and dorsal patch of fine spinulae (Fig. 1B).

Female. - Body length ca. 6-7mm. Subgenital plate long, extending past tip of

abdomen, broadly attached to preceding segment, laterally indented basally and apically

(Fig. 1D).

Egg. - Length ca. 0.3mm, width 0.015mm. Chorion smooth. No collar.

Micropylar row slightly posterior of widest point (Fig. 1 C).

Diagnosis. - This bright yellow species is separated from other closely related

Nearctic species with small, rounded epiprocts by its more pale appearance, the

posteriorly directed hairs on the epiproct, the more quickly narrowing of the basal patch

of spinulae on the aedaegus and by the lack of a collar and modifications on the egg.
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Females are separated by the unusually long subgenital plate.

Emergence time. - Summer.

Geographic range. - Sierra Nevada and Coastal Range of California, with another

possible population in the Coastal Range of Oregon.

Type specimens. - Holotype male and allotype female from: U.S.A.

CALIFORNIA: Tulare Co., Kaweah River, Marble Fk., in Tokapah Canyon, 13-VII-

1996, KDA96-118, K.D. Alexander, deposited in the California Academy of Sciences.

Additional paratypes collected at same time 8 d'2 (KDA).

Material examined. - U.S.A. CALIFORNIA: Colusa Co.; Stony Creek, 5 mi. W.

of Stonyford, 06-VI-1985, W.D. Shepard, d'd'? (CAS). El Dorado Co.; Cosumnes

River, N. Fk., at Sciaroni Crossing, ca. 4 mi. N of Grizzly Flat, 12-VII-1995, KDA95-

119, K.D. Alexander and R.L. Bottorff, 1 d' (KDA). Madera Co.; headwaters of N. Fork

Arlins Creek, SW slope of Madera Peak, Alt. 7800 ft., 16-VIII-1971, H.B. Leech, 3d'4

(CAS). Boggy Creek, Elev. 6000, 15-VII-1946, H.P. Chandler, 8e'4? (CAS).

Mendocino Co.; Cottoneva Crk, Hwy 1, 12 mi W Leggett, 22-VI-1985, B.P. Stark, 5d'1 9

(BPS). Plumas Co.; Graeagle Crk., Graeagle, 05-VII-1979, B. Stark and K. Stewart, 1 d'

(RFS). Wolf Creek, along Hwy. 89, ca. imi. S of Canyon Dam, 17-VII-1995, KDA95-

128, K.D. Alexander and L.A. Stewart, 2a'4?5ex (KDA). Siskiyou Co.; Scott River, N.

Fk., 2mi. E. of Callahan at Hwy. 3, 18-VII-1995, KDA95-133, K.D. Alexander and L.A.

Stewart, 11 d'1 ? (KDA). Tuolumne Co.; Cascade Creek, at Hwy. 108, 17-VII-1996,

KDA96-126, K.D. Alexander, 2a'4? (KDA). Mill Creek, nr. Hwy. 108, 17-VII-1996,

KDA96-122, K.D. Alexander, 1 d' (KDA). Tulare Co.; Dorst Creek, nr. Dorst Creek
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Campground, 13-VII-1996, KDA96-120, K.D. Alexander, 2c (KDA).

Etymology. - Amoenacolens is a compound word from latin meaning "inhabiting a

beautiful landscape" and refers to the beauty of the Sierra Nevada and Coastal Range of

California that this species inhabits.

Remarks. - This species is closely related to other Nearctic species with small

rounded epiprocts and males are difficult to separate from the Rocky Mountain

populations. Although widespread throughout the Sierra Nevada and Coastal Range, this

disjunct species does not appear in large numbers as do their closely related species in the

Rocky Mountains.

Suwallia asiatica Zhiltzova and Levanidova, 1978

Figs. 2A,B

Suwallia asiatica Zhiltzova and Levanidova, 1978, p. 14-15.

Suwallia asiatica Zhiltzova and Zapekina-Dulkeit, 1986

Diagnosis. - Hemitergal tergal processes of male exceptionally long (Fig. 2A).

Type depository. - Zoological Institute, Russian Academy of Sciences, Saint

Petersburg.

Emergence time. - Summer and fall.

Geographic range. - Southeastern Russia.

Material examined. - RUSSIA: Anyui River, the Amur River Basin, upstream.

30-VII-1996, T. Tiunova and T. Aretina, 1 ?, 2N (KDA). Serebeyanaya River, Sikhote-
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Alinski Biosphere Nature Reserve, Potikha, 2 9 (KDA).

Remarks. - This species is rare (V. Teslenko, pers. com.) and I have been unable

to obtain males. Zhiltzova, L.A. and Y.I. Zapekina-Dul'keit (1986) illustrate the male

and it is characterized by the exceptionally long hemitergal processes. Three females and

two larvae bearing the label "Suwallia asiatica" were sent from Valentina Tselenko, at

the Russian Academy of Sciences Far Eastern Branch, Vladivostok. The female

subgenital plate (Fig. 2B) was distinct from all other Suwallia in that the median portion

was not extended but was even with the posterior segment margin. Laterally, each side of

the subgenital plate was extended into a long, spine-like process. However, I have no

males or female descriptions with which to correlate specimens. I am continuing my

attempt to obtain males of this species, and hopefully correlated females, to confirm the

above female description for inclusion in the key and to provide data to be used in a

phylogenetic analysis.

Suwallia autumn (Hoppe, 1938)

Figs. 3A-F.

Alloperla autumna Hoppe, 1938 4: 152, male and female; figs. 5-6, p. 171, male and

female genitalia.

Alloperla (Suwallia) autumna Ricker, 1943, 12: 139.

Suwallia autumna Illies, 1966, 82: 449.

Male. - Body length ca. 6-8mm. General color tan. Head with dusky pigment in
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ocellar triangle and immediately anterior to the clypeus. Distal two-thirds of antennae

darkly pigmented. Pronotum margined completely with dark pigment. Legs uniformly

tan. Abdomen with thin, dark, median stripe extending through segment seven (Fig. 3F).

Hemitergal processes medially directed, bluntly pointed (Fig. 3A). Epiproct small,

rounded, posteriorly directed and sparsely clothed with setae (Fig. 3B). Aedeagus

membranous with long slender sclerotized rod (Fig. 3D).

Female. - Body length ca. 8-9mm. Subgenital plate short, approximately equal in

length to preceding segment, laterally indented halfway down its length, attached to

preceding segment across 1/4 of its width (Fig. 3E).

Egg. - Length ca. 0.25mm, width ca. 0.15mm. Collar a single row. Chorion

randomly covered with small, rounded projections (Fig. 3C).

Diagnosis. - This species can readily by separated by its small, sparsely setose

epiproct and the unique sclerotized rod on the aedeagus.

Type depository. - Illinois Natural History Survey #1403, Holotype male, Allotype

female.

Type data. - U.S.A. WASHINGTON: North Fork of the Snoqualmie River,

North Bend, 02-X-1932, G. Hoppe.

Emergence time. - Fall.

Geographic range. - Pacific Northwest, North America.

Material examined. - CANADA: BRITISH COLUMBIA; Princeton, 24-IX-

1952, D.G. Denning, 1 o"9 (CAS). U.S.A.: OREGON: Clatsop Co.; Big Creek, 06-

IX-1954, W.E. Ricker, 3 d'3 9 (CNC). Washington: Grant Co.; Green River Gorge, 02-
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X-1932, Exline, 1 paratype (CNC). King Co.; N. Fk. Snoqualmie River, North Bend,

02-X-1932, G. Hoppe, 1 d' paratype (CNC). N. Fk. Snoqualmie River, North Bend, 09-X-

1932, G. Hoppe, 1 c1 paratypes (CNC). Kittitas Co.; Cle Elum, 15-IX-1959, Ross and

Ross, 4c 1 (CNC). Ellensburg, 26-IX-1954, B. Malkin, 1 ' 1 (CAS). Whatcom Co.;

Hutchison Creek near Nooksack, 01.0264-0.3, 17110004, 23-IX-1993, Kraft and

Sammeth, 2o1 (WWU).

Remarks. - The distribution of this species is limited to the Pacific Northwest of

North America. No specimens were found from the northern Rockies as listed in

Baumann et al. (1977) and Gaufin et al. (1972). Those records may represent late season

ecophenotypes of Suwallia starki described in this paper.

Suwallia bimaculata (Okamoto, 1912), comb. nov.

Figs. 4A-F.

Chloroperla bimaculata Okamoto, 1912, p. 151.

Alloperla bimaculata (Okamoto, 1912), Kohno, 1957.

Alloperla bimaculata (Okamoto, 1912), Kawai, 1967, p. 171-172.

Male. - Body length ca. 6-7mm. General color greenish-yellow (Kawai, 1967).

Head with strongly black pigmentation in and around ocellar triangle and forward to

clypeus. Distal 90% of antenna darkly pigmented. Pronotum with an elliptical strongly

black pigment patch on each sclerite. Meso- and metanota with 'U' shaped markings.

Tarsi and tibia darkly pigmented. Abdomen with median, dark pigment stripe to segment
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eight. Segments one and two with lateral pigment stripes (Fig. 4F). Tergum nine

projecting slightly posteriorly to form a small median tab. Hemitergal processes short to

medium length, anteromedially curved, sparsely hirsute, apically acute (Fig. 4A).

Epiproct is slightly raised and recurved with a bifurcate, posteriorly directed process that

is basally margined with long, posteriorly directed setae (Fig. 4B). Aedeagus with an

acutely angled 'V' shaped patch visible with or without aedeagal extrusion (Fig. 4D).

Female. - Body length ca. 8mm. Subgenital plate short, medially attached to

preceding segment across 3/4 of width, truncate, laterally and apically recessed (Fig. 4E).

Egg. - Length ca. 0.3mm, width ca. 0.18mm. Collar two rows. Chorion with

scattered punctations near poles, median expanse smooth (Fig. 4C).

Diagnosis. - This species can be distinguished by the two oblong, black patches

on the pronotum. The male can be distinguished from other species with a bifurcate

posterior epiproct projection by longer apically acute and less hirsute hemitergal

processes. The female is distinguished from other species containing black head or

pronotal pigmentation by the apical and lateral notches on the subgenital plate.

Type depository. - Unknown.

Type locality. - JAPAN: Sapporo, Hokkaido.

Emergence time. - Fall.

Geographic range. - Honshu (Gumma, Nagana Prefectures), Hokkaido (Sapporo)

Material examined. - JAPAN: Hohaikyo Dam, Jozankei, Sapporo-shi, Hokkaido,

06-05-IX-1995, M. Kawanabe, 1 (KDA). Taki-gawa, 430mh, Oguni-machi, Yamagata,

Honshu, 05-VIII-1992, T. Hattori, 1 c1 (KDA).
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Remarks. - This species is placed here in the genus Suwallia. The external

genitalia is minute and difficult to distinguish with the hemitergal processes having been

overlooked in all previous descriptions. This species is closely related to and difficult to

distinguish from S. tsudai and S. sachalina, however it is distinct as described above.

The diagnosis given in Kawai (1967) is incorrect in stating the projections on the

epiproct are directed anteriorly, and that is used as a character to distinguish this species

from S. tsudai. The specimen probably had the epiproct folded forward.

Suwallia decolorata Zhiltzova and Levanidova, 1978

Figs. 5A-E.

Suwallia decolorata Zhiltzova and Levanidova, 1978: p. 16 - 18.

Male. - Body length ca. 8mm. General color pale. Head, nota and abdomen

concolorous although a thin faint abdominal stripe occasionally present (Fig. 5E). Distal

one-fourth of antennae dark. Tarsi dark. Tergum nine broadly extended. Hemitergal

processes of medium length, anteromedially curved, moderately hirsute, and apically

blunt (Fig. 5A). Epiproct a flat elongate disc broadening posteriorly; sparely clothed with

short, stout hairs (Fig. 5B). Aedeagus with a curved 'T'-shaped sclerotized processes

visible internally (Fig. 5C).

Female. - Body length ca. 9.5mm. Subgenital plate as long as preceding segment

and attached over entire width of preceding segment. Overall, subtriangular with rounded

tip and lateral indentions. Base slightly incised (Fig. 5D).
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Egg. - Unknown.

Diagnosis. - This species is easily distinguished by its complete, or nearly so, lack

of pigmentation. Also, the small, flat, sparsely hirsute epiproct is distinct from all other

Palearctic species.

Type. - see Zhiltzova and Levanidova (1978).

Emergence time. - Summer.

Geographic range. - Eastern Palearctic.

Material examined. - RUSSIA: paratypes from Primorsk Territory (Russian Far

East), Reservation "Kedroraja Pad"', 25-VII-1975, L. Zhiltzova (KDA).

Remarks. - This species very closely resembles S. sublimis that is described here

from two localities near the crest of the Sierra Nevada of California in the shape of the

epiproct, hemitergal processes and tergum nine. The overall color pattern and subgenital

plate shape are very similar. Additionally, If this resemblance equals a sister species

relationship, then these species have very unusual biogeographic affinities that are

difficult to explain.

Suwallia dubia (Frison, 1935)

Figs. 6A-E.

Alloperla dubia Frison, 1935, p. 339, male and female.

Alloperla (Suwallia) pallidula Ricker, 1943, p. 141.

Suwalliapallidula Illies, 1966, p. 450.

Suwallia dubia Surdick, 1985, p. 32.
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Male. - Body length ca. 5-6mm. General color yellow. Head concolorous.

Antennae concolorous. Pronotum margined completely with dark pigment. Ecdysial

suture dark. Meso- and metanota with 'U' or 'W' shaped marks. Legs concolorous.

Abdomen with median stripe to segment six (Fig. 6E). Tergum nine extended with slight

median tab. Hemitergal processes straight, folded basally to point dorsoanteriorly, tips

blunt. Epiproct broad and flat, sparsely but completely covered with short hairs (Fig.

6A). Aedeagus membranous with mushroom shaped patch on posterior side (Fig. 6B).

Female. - Body length ca. 6-7mm. Subgenital plate ca. same length as preceding

segment, broadly attached and broadly rounded (Fig. 6D).

Egg. - Length ca. 0.3mm, width ca. 0.2mm. Collar single layered. Chorion with

scattered punctations at both poles, median expanse smooth except for remnant follicular

cell impressions (Fig. 6C).

Diagnosis. - No other species has such a broad, flat and circular epiproct that is

completely setose. The aedeagus is also distinct with a dorso-posterior patch of spinulae

resembling an inverted mushroom (fig. 6B).

Type depository. - Illinois Natural History Survey Plecoptera #1415, Holotype

male.

Type data. - U.S.A. OREGON: Mt. Hood National Forest, Camp Creek, 02-VI[II-

1933, C.R. Dimick.

Emergence time. - Summer.
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Geographic range. - Pacific Northwest, Northern Rocky Mountains and the Far

Northwest of North America.

Material examined. - CANADA: BRITISH COLUMBIA: Cheam View, E. of

Chilliwack, 10-VIII-1950, H.H. Ross, 6c?29 (CNC). Cultus Lake, 30-VII-1932, W.E.

Ricker, 3 d'1 9 (CNC). Lost Lake, atop Mt. Hollyburn, near Vancouver, 18-IX-1955, R.E.

Leech, 4e"2? (CNC). U.S.A.: ALASKA: Wrangell, ?-VIII-1951, B. Malkin, 3o"29

(CAS). IDAHO: Boise Co.; Mores Creek, at Ten Mile Creek, along Hwy. 21, 01-VIII-

1995, KDA95-152, K.D. Alexander and L.A. Stewart, 10d99 (KDA). Kootenai Co.;

Beauty Boy Creek, 2 mi. above Beauty Boy , Lake Coeur d'Alene, Hwy 95A, 04-VII-

1964, unk. coll., c'?a 9 (RFS). Shoshone Co.; Willow Creek, Mullan, 22-VIII-1950, J

and H Ross, 1 a" (CNC). MONTANA: Glacier Co.; McDonald River, at Avalanche

Creek, Glacier N.P., 20-VII-1958, W.E. Ricker, 1 o"2 9 (CNC). Roes Creek, Glacier Nat.

Pk., Rising Sun Cmp Gnd, 22-VII-1979, Stark,Stewart and Baumann, 2d'3 9 (UNT).

Creeks, 4800-5500', many Glaciers, Glacier Nat Pk., 24-VIII-1946, W.E. Ricker (CNC).

Seep areas blw Ptarmigan Falls, Glacier Nat Pk, 21-VII-1979, Stark, Stewart and

Baumann, 1 a" (UNT). Ravalli Co.; North Lost Horse Creek at Lost Horse Creek, 30-VII-

1965, J.R. Grierson, 2d" (BYU). Three Mile Creek, 9.8 mi. above Bitterroot River, 15-

VIII-1965, J.R. Grierson, a"d' 9 (BYU). OREGON: Clackamas Co.; Camp Creek, 02-

VIII-1933, R. Dimick, 1 d"1 9 paratype (CNC). Camp Creek, ca. 3 mi E. of

Rhododendron, at Camp Creek Campground, 28-VII-1994, KDA94-132, K.D. Alexander,

16a"29 topotypes (KDA). Clackamas River, near Big Eddy Forest Camp, 04-VIII-1948,

S.G. Jewett, Jr., 1 d"29 (CAS). Clatsop Co.; Humbug Creek, 13-VI-1948, S.G. Jewett,
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Jr., 5 c' (CNC). Nohorn Creek near Bagby Hot Spr., 12_VII-1986, G.R. Fiala, 8cd'5 Y

(BYU). Clatsop Co.; Benoke Creek, 22-VI-1986, G.R. Fiala, 3d' (BYU). Hood River

Co.; Barlow Creek, at Devil's Half Acre Meadow, ca. 1 mi. S of Barlow Pass, 29-VII-

1994, KDA94-133, K.D. Alexander and L.A. Stewart, 1 d"2Y (KDA). Lane Co.; Salt

Creek above Salt Creek Falls, 21-VII-1995, KDA95-139, K.D. Alexander and L.A.

Stewart, od'dc Y (KDA). 12.8 mi NE Blue Riv, H.J. Andrews EXP For, trib Lookout Crk,

El 3190', 19-VII-1978, B. Frost, l?'l1 Y (BPS). Tillamook Co., E. Beaver Creek, ca. 5 mi.

E of Hwy. 101, 25-VII-1995, KDA95-143, K.D. Alexander and L.A. Stewart, 7d'2

(KDA). Neskowin Creek, at Hwy. 3628, ca. 5 mi. E. of Hwy 101, 24-VII-1995, KDA95-

142, K.D. Alexander and L.A. Stewart, 4a"6 (KDA). WASHINGTON: Clallam Co.;

Hell Creek, nr. Boulder Creek, 24-VII-1996, K.D.Alexander, 1 d'1 Y, (KDA). Barnes

Creek, at Hwy. 101 near Crescent Lake, 23-VII-1996, KDA96-146, K.D. Alexander,

1 d',29 (KDA). Sol Duc River, ca. 1 mi., above Sole Duck Falls, 23-VII-1996, KDA96-

143, K.D. Alexander, 13d"10 . Sol Duc River, nr. Salmon Cascades, 23-VII-1996,

KDA96-142, K.D. Alexander, 10 e,5 Y (KDA). Boulder Creek near Olympic Hot

Springs, 24-VII-1996, KDA96-146, K.D. Alexander, 12d'3 9 (KDA). Grays Harbor Co.;

Donkey Creek, Hwy. 101, 2 miles North of Humptulips, 18-VI-1967, R.W. Baumann,

1 d'1 9 (BYU). Jefferson Co.; Hoh River, near Hoh River Campground, 22-VII-1996,

KDA96-138, K.D. Alexander, 1 d' (KDA). Quinault River, North Fork, near North Fork

Ranger Station, 20-VII-1996, KDA96-133, K.D. Alexander, 4d",29. Quinault River,

North Fork at North Fork Campground, 20-VII- 1996, KDA96-134, K.D. Alexander, 1 d'

(KDA). Quinault River at Graves Creek Campground, 21-VII-1996, KDA96-136, K.D.
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Alexander, 6cd,3 (KDA). Cannings Creek near confluence with Quinault river, 21-VI][-

1996, KDA96-135, K.D.Alexander, 27o",7 (KDA). unnamed trib of Quinault River, N.

Fk., near North Fork Ranger Station, 20-VII-1996, KDA96-132, K.D. Alexander, 6cd,1 9

(KDA). Willoughby Creek, nr. confluence with Hoh River, 23-VII-1996, KDA96-140,

K.D. Alexander, 6d18 (KDA). King Co.; Change Creek, Hwy. 10, 14 miles west of

Snoqualmie Pass, 06-VIII-1965, R.V. Nebeker, 1 cr3 (BYU). Denny Creek, nr. Franklin

Falls, 21-VII-1994, KDA94-118, K.D. Alexander and L.A. Stewart, 19 d6 (KDA).

Rocky Run, Snoqualmie Pass, 05-VIII-1952, W.E. Ricker (CNC). Lewis Co.;

Ohanapecosh River, nr. Mt. Rainier N.P. off Hwy. 123, 26-VII-1994, KDA94-128, K.D.

Alexander, 1 d' (KDA). Lewis Co.; Cispus River, nr. Blue Lake Creek, ca. 10 mi. SE of

Randle, 27-VII-1994, KDA94-129, K.D. Alexander, 1d'3 (KDA). Mason Co.; Brown

Creek at Brown Creek Campground, 08-VI-1991, Stark, Baumann, Henderson,

d'd'b 9(BPS). Skamania Co.; Lewis River, at Hwy. 90, ca. 30 mi. E of Cougar, 27-VII-

1994, KDA94-131, KD Alexander and LA Stewart, 3 d3 Y (KDA). Smoky Creek, 14-

VIII-1983, G.R. Fiala, 1 d'1 (BYU). Wind River, nr. Paradise Creek, 29-VII-1995,

KDA95-146, K.D. Alexander and L.A. Stewart, 7d'1 (KDA). Snohomish Co.; Bear

Creek, ca. 0.5 mi. N of Bear Lake, 23-VII-1994, KDA94-120, K.D. Alexander, 7'29

(KDA). Sauk River, S. Fork, at Hwy., 322, ca. 2mi., S of Elliott Creek, 23-VII-1994,

KDA94-122, K.D. Alexander and L.A. Stewart, 101 (KDA). Whatcom Co.;

Anderson Creek, nr. Silver Fir C.G. in Mt. Baker National For., 25-VII-1996, KDA96-

145, K.D. Alexander, 101 (KDA). Canyon Creek, NE Welcome, 2300 ft., 27-VII-

1966, K.E. Jandermey, 8cd3 9 (WWU). unnamed trib. of Nooksack River, Middle Fk.,
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3.5 mi. from Mosquito Lake Rd., 25-VII-1996, KDA96-148, K. Alexander and G. Kraft,

2 ,1 9 (KDA). Pyramid Creek at Hwy. 20 nr. Diablo, 26-VII-1996, KDA96-153, K.D.

Alexander, 7od,2 9 (KDA). Nooksack River at Hwy. 542, ca. 1 mi. E of Glacier, 25-VII-

1996, KDA96-147, K.D. Alexander, 1 9 (KDA).

Remarks. - Ricker (1943) synonymized this species with S. pallidula and Jewett

(1960) illustrates S. pallidula as S. dubia. Surdick (1985) raises S. dubia from synonymy

but does not provide a diagnosis or explanation. The holotype, several paratypes and

fresh topotypes collected by the author were examined in order to resolve this taxonomic

problem and to provide the first diagnosis of this species.

This species is the predominant summer emerging Suwallia in the Pacific

Northwest where it very common. Populations of this species can be found in the

northern Rockies and Alaska, but they are relatively rare.

Suwalliaforcipata (Neave, 1929); comb. nov.

Figs. 7A-E.

Alloperlaforcipata Neave, 1929, 4: 160, male; pl. 1, figs. 1 - 2, male genitalia.

Alloperla (Neaviperla)forcipata Ricker, 1943, 12: 142, female; fig. 129, p. 140, female

genitalia.

Neaviperlaforcipata Illies, 1966, 82: 448.

Male. - Body length 8-9mm. Overall color yellow. Head with a faint tan

pigmented region in ocellar triangle and forward to clypeus. Distal one-half of antennae
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dark. Pronotum completely margined with dark pigment; pronotal ecdysial suture dark.

Meso- and metanota usually with 'W' shaped marking with tan pigment between forks.

Tarsi dark. Abdomen with broad, median, dorsal stripe extending to segment eight (Fig.

7E). Cereal segment one elongate and concave. Tergum nine modified with raised

triangular, anteriorly directed process (Fig. 7A). Hemitergal processes straight, medially

directed, basally bent, tips blunt. Epiproct a broad, flat tab with a sparse patch of long,

posteriorly directed setae (Fig. 7B).

Female. - Body length 9-10mm. Cereal segment one elongate, 4X length of other

segments, and straight. Subgenital plate short, triangular. Connected to preceding

segment across half of median width. Subgenital plate sides incised half the length of

segment eight (Fig. 7D).

Eggs. - Length ca. 0.25mm, width ca. 0.175mm. Collar two layers. Chorion

smooth (Fig. 7C).

Diagnosis. - Males are easily separated from all other species by the modified

cerci and ninth abdominal tergum. Females are distinct in having the first cereal segment

longer than 4X its width.

Type depository. - unknown.

Type data. - CANADA. ALBERTA: Lake Edith, 18-VIII-1923, by sweeping

vegetation along south shore, F. Neave.

Emergence time. - Fall.

Geographic range. - Pacific Northwest and Far Northwestern North America.

Material examined. - CANADA: BRITISH COLUMBIA: Ritchie Creek on
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Cassier Highway, 10-IX-1985, R.L. Bottorff, 1 o"7Y (RLB). YUKON TERRITORY:

Blackstone River, km 141, Dempster Hwy, 11-VIII-1980, R.J. Cannings, 1 dl (UNT).

U.S.A.: ALASKA: Kodiak, Bushkin River, 08-VIII-1982, D.C. Wartinsee, 1 o, 3N

(UNT). Campbell Creek nr. Anchorage, 23-VII-1986, K.W. Stewart and M. Maketon, 16d'

(UNT). Cold Bay, 13-VIII-1952, W.M. Mason, 1c"1 (KDA). McCallum Creek, off

Richardson Highway between Delta and Parson, 01-VI-1984, Claire Holland, 3N (UNT).

Wolf Creek, near Glacier Bay, 16-VIII-1991, Milner, 3N (UNT). Wolf Creek, 18-VIII-

1990, Milner, 1oe2 Y (UNT). WASHINGTON: Whatcom Co.; Nooksack River, M. Fk.

at Mosquito Lake Road, 20-IX-1994, Kraft and Sammeth, 2 '292N2ex (WWU).

Remarks. - This species was placed in the subgenus Neaviperla by Ricker (1943)

based on the unique cerci and the projection on the ninth tergum. Fillies (1996) raised all

subgenera to generic status. Surdick (1985) was unable to separate nymphs of Suwallia

and Neaviperla and Stewart and Stark (1988) separate the two only by hairs on the

pronota. I have found this character to be unreliable when Palearctic species such as S.

teleckojensis, which also possesses lateral pronotal hairs, are considered. Also, no

characters of the eggs can be used to separate these genera as proposed. I consider the

modified cerci and tergum to be autapomorphies with the epiproct and hemitergal

processes typical of Suwallia. Egg structure, color pattern, and hemitergal process shape

place this species basally in a lade containing S. jezoensis, S. kerzhneri, S. teleckojensis

and S. talalajensis centrally in a lade of all Suwallia. Separation of S. forcipata into a

monotypic genus would thus make Suwallia paraphyletic and an 'unnatural' grouping.

Since both names were proposed as subgenera by Ricker (1943), both are available;
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therefore, for convenience and simplicity I synonymize Neaviperla under the most species

rich lade, Suwallia.

Suwallia jezoensis (Kohno, 1953), sp. rev.

Figs. 8A-E.

Alloperlajezoensis Kohno, 1953; 25: 5, male and female; p. 7, figs. A, B, C, male and

female genitalia.

Alloperlajazoensis (sic) Kohno. Kawai, 1967; p. 174.

Suwalliajezoensis (Kohno). Zwick, 1973; p. 296.

Suwallia teleckojensis (Samal, 1939). Levanidova and Zhiltzova, 1979.

Male. - Body length ca. 9mm. General color yellow. Head with brown pigment

in ocellar triangle. Antennae entirely dark. Pronotum anteriorly and laterally margined

with dark pigment; ecdysal suture dark. Meso- and meta nota with dark 'U' shaped

markings. Tarsi and tibia dark. Broad abdominal stripe to tergum eight (Fig. 8E).

Tergum nine extended posteriorly. Hemitergal processes of moderate length; straight;

basally bent; moderately hirsute; apices blunt (Fig. 8A). Epiproct longer than wide,

laterally and posteriorly margined with long, stiff, dorsally directed hairs (Fig. 8B).

Aedeagus spinulated as viewed with or without extrusion.

Female. - Body length ca. 10.5mm. Subgenital plate long, 2X length of preceding

segment, smoothly tapering to a narrowly rounded apex, attached across central half of

preceding segment, moderately incised at base (Fig. 8D).
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Egg. - Length ca. 0.3mm, width ca. 0.2mm at widest point. Collar a single row.

Chorion with raised tubercular projections, randomly arranged (Fig. 8C).

Diagnosis. - This is the only Japanese species with an epiproct that is margined

with hairs.

Type depository. - unknown.

Type locality. - JAPAN: Kamikoshi, Hokkaido.

Emergence time. - Fall.

Geographic range. - JAPAN: Hokkaido. Honshu.

Material examined. - JAPAN: Okanba-zawa, 1650-1900mh, Ashiyasu-mura,

Yamanashi, Honshu, 11-X-1992, T. Hattori, 2c"d1 ? (KDA). Yokao-dani, Azumi-mura,

Nagana, Honshu, 15-IX-1994, S. Nirasawa, 1 (KDA). Higashino-dottomari Riv.,

Nozzuka, Rishiri Is., Hokkaido, 02-VIII-1995, Masahiko Sato, 1 (KDA). Higashino-

dottomari Riv., Nozzuka, Rishiri Is., Hokkaido, 07-VIII-1995, Masahiko Sato, 1 d

(KDA).

Remarks. - Levanidova and Zhiltzova (1979) synonymized this species with

Suwallia teleckojensis (Samal, 1939) based on literature descriptions and specimens from

Kunashir. This species is distinct from S. teleckojensis whose epiproct is covered with

hairs while the epiproct of S. jezoensis is margined with hairs. However, color patterns

are very similar and the small epiprocts are difficult to distinguish using dissecting

microscopes.

Suwallia kerzhneri Zhiltzova and Zwick, 1971
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Figs. 9A-E.

Suwallia kerzhneri, Zhiltzova and Zwick. Zwick, Levanidova and Zhiltzova, 1971, p.

859.

Suwallia kerzhneri Zhiltzova and Zwick. Zwick, 1973, p. 296.

Male. - Body length ca. 7mm. General color yellow. Head with dark

pigmentation in ocellar triangle and in an oblong patch on the clypeus. Antennae entirely

dark. Pronotum completely margined in dark pigmentation, ecdysial suture dark. Meso-

and metanota with 'U' shaped markings. Tarsi and tibia dark. Abdomen with median

abdominal stripe to segment ten and lateral stripes to segment two (Fig. 9E). Tergum

nine only slightly produced. Hemitergal processes broad, straight but folded basally,

apically acute. Epiproct longer than wide, laterally and posteriorly margined with long,

stiff, dorsally directed hairs, central region bare (Fig. 9A). Aedeagus with broad,

obtusely angled 'V' shaped sclerotized patch visible internally (Fig. 9C).

Female. - Body length ca. 8mm. Subgenital plate length of preceding segment;

attached to preceding segment across central half, apically truncate, deeply incised

laterally (Fig. 9D).

Egg. - Unknown.

Diagnosis. - This is the only continental Palearctic species with a broad epiproct

that is margined with long hairs. It is also separated from many other species by the

shortness of tergum nine.

Type depository. - Zoological Institute, Russian Academy of Sciences, St.
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Petersburg, Russia.

Type data. - RUSSIA. MONGOLIA: Ara-Khnagay aymak, 25 km west-southwest

of Ikh-Tamir, flood-plain of the Khoyt-Tamryn-Gol river, 30-VIII-1967 (Kherzhner).

Emergence time. - Summer

Geographic range. - Eastern Palearctic

Material examined. - RUSSIA: paratypes from Kamchatka, Vil. Milkowo,

(Autonovka-Am), 27-VII-1968, Nikolajeva 1 ad1 ? (PZ). Kamchatka, 1970, L.

Levanidova, 2e" (KDA).

Remarks. - This is an infrequently collected species. Phylogenetic analysis reveals

that it is in the same lade and thus closely related to S. teleckojensis as reported in Zwick

et al. (1971).

Suwallia lineosa (Banks, 1918), sp. rev.

Figs. 10A-E.

Alloperla lineosa Banks, 1918, 62: 7.

Alloperla lineosa Needham and Claassen, 1925, 2: 123, male and female; figs. 10 - 11,

p. 331, male and female genitalia.

Alloperla (Suwallia) lineosa Jewett, 1955, 13: 151; fig. 8, p. 153, male aedeagus.

Suwallia lineosa Illies, 1966, 82: 449.

Male. - Body length ca. 6-7mm. General color yellow. Head concolorous.

Distal one-third of antennae dark. Pronotum margined completely with dark pigment.
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Ecdysial suture darkly pigmented. Meso- and metanota usually with 'U' shaped mark but

occasionally 'W' shaped. Tarsi dark. Abdomen with a broad, black median stripe to

segment eight, sometimes extending to ten (Fig. 1GE). Hemitergal processes short,

anteromedially directed, slightly curved with short setae, tips blunt. Epiproct a broad, flat

disc margined with dorsally directed setae that are longer dorsally. Aedeagus

membranous with a V- shaped patch of long, dark, sclerotized hairs on posterio-dorsal

surface. A V-patch of short, flat topped projections located distally to patch of hairs (Fig.

lOB).

Female. - Body length ca. 7-8mm. Subgenital plate triangular, bluntly pointed

apically, attached to preceding segment across entire width (Fig. 1GD).

Egg. - Length 0.35mm, width 0.225mm. Collar with two rows. Chorion punctate

at poles, median region smooth (Fig. 1C).

Diagnosis. - This species is distinguished from all other North American species

by its broad, flat epiproct ringed with setae. The aedeagus is unique among Nearctic

species in that it possesses a "V" shaped patch of long, dark spinulae that are visible

internally or on extruded aedeagi (Fig. 1GB).

Type depository. - Museum of Comparative Zoology #10048, Holotype female.

Type data. - U.S.A. COLORADO: Geneva Park, Altitude 10,000 feet, 20-VIII-

1911, E.C. Jackson.

Emergence time. - Summer.

Geographic range. - Northern Rockies, Pacific Northwest to the Far Northwestern

North America.
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Material examined. - CANADA: ALBERTA: Banff Natl. Pk., Pipestone River,

27-VII-68, A.R. Gaufin, 5oe (BYU). YUKON TERRITORY: Nahanni Range Road

Summit, 62 01'N, 128 25'W, 31-VII-1986, S. Cannings, 2 d1 9 (UNT). Lone Tree

Creek, 60 17'N, 132 68'W, 23-VII-1981, S.G. Cannings, 4d'3 9 (UNT). Groundhog

Creek, lapie Pass, 05-VII-1986, S.G. Cannings, 7oe (UNT). U.S.A. ALASKA: small

unnamed creeks on Mt. Meek, Douglas Island, 10 mi W Juneau, 7-9-VIII-1995, R.L.

Bottorff (RLB). BCPM Brooks Pen. Project, R.A. Cannings, S.G. Cannings, 1 9 (UNT).

COLORADO: Eagle Co.; Homestake River, at Hornsilver Campground, 05-VIII-1995,

KDA95-170, K.D. Alexander and L.A. Stewart, 49 (KDA). IDAHO: Blaine Co.;

Sawtooth Nat For, Horse Creek, 30-VII-1978, 1Oo"2 9 (RFS). Twin Creek Camp, Salmon

Nat. For., 5000 ft., 25-26-VII-1952, B. Malkin, 16o"3 9 (CAS). Boise Co.; Canyon

Creek, nr. Bonner Pass at Hwy. 121, 01-VIII-1995, KDA95-155, K.D. Alexander and

L.A. Stewart, 23"3 9. MONTANA: Flathead Co.; Beta Creek, Hungry Horse Reservoir,

04-VIII-1965, A.R. Gaufin, ak '9 9 (BYU). Little Johnny Creek, nr. Hungry Horse

Reservoir, 16-VII-1994, KDA94-111, K.D.Alexander and L.A. Stewart, 1 d'3 9 (KDA).

Autumn Bear Creek, at Hwy. 2, E. of Walton, 18-VII-1994, KDA94-114, K.D.

Alexander, 4N, (KDA). Gallatin Co.; Hyalite Creek, 31-VII-1952, R. Hays, 10 c'

(CNC). Glacier Co., Creek at Logan Pass, Glacier Natl Park, 10-IX-1968, R.W.

Baumann, 3 d"3 9 (BYU). Appekunny Falls, Glacier Nat. Park, 14-VIII-1989, William D.

Shepard, 1 d'1 9 (CAS). Seep areas blw Ptarmigan Falls, Glacier Nat Pk, 21-VII-79,

Stark, Stewart and Baumann, 1 o' (BPS). Creek 1 mile East of Logan Pass, Glacier Natl

Park, 10-IX-1968, R.W. Baumann, 'o" 9 9 (BYU). Avalanche Lake inlet, Glacier N.P.,
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20-VII-1958, W.E. Ricker, 8oe (CNC). Roes Creek, Glacier Nat Pk, Rising Sun Cmp

Gnd, 22-VII-1979, Stark, Stewart and Baumann, 20d10 (BPS). Siyeh Creek, Glacier

Natl Park, 10-IX-1968, R.W. Baumann, o d'' (BYU). Lake Co., N. Fork of Lost Creek,

E. of Swan Lake, 15-VII-1994, KDA94-109, K.D. Alexander and L.A. Stewart, 1 '3

(KDA). Goat Creek, at Hwy. 83, S. of Swan lake, 15-VII-1994, K.D. Alexander, 2Y..

Lincoln Co.; E. Fork of Pipe Creek, at Hwy. 508, 20-VII-1994, KDA94-117, K.D.

Alexander, 32 (KDA). WASHINGTON: Whatcom Co.; Canyon Creek N.E. of

Welcome, elev. 2300 ft., 27-VII-1966, ?, 1 c? (WWU).

Remarks. - This species is fairly commonly collected and appears to be very cold

tolerant based on its abundance at northern latitudes, high altitudes and its restriction to

smaller, cold water streams at more southern latitudes. The identification of this species

based on a stripe from base of head to tip of abdomen is unreliable since color patterns in

this species and even within populations are highly variable.

Suwallia marginata (Banks, 1897)

Figs. 11A-E.

Chloroperla marginata Banks, 1897, 24: p. 21.

Alloperla marginata Needham and Claassen, 1925, 2: 110, male and female; figs. 10 -
11,

p. 335, male and female genitalia.

Alloperla (Suwallia) marginata Gaufin, 1964

Suwallia marginata Illies, 1966, p. 449.



50

Male. - Body length ca. 6.5-7.5mm. General color yellow. Head concolorous.

Distal one-half of antennae dark. Lateral pronotal margins black. Meso- and metanota

with 'U' shaped markings. Tarsi dark. Abdomen with median dark stripe, narrowing

posteriorly, to segment seven (Fig. 11E). Abdominal tergum nine produced medially to

form a tab. Hemitergal processes curved, antero-medially directed, hirsute, tips acute.

Epiproct small, rounded, longer than wide and densely hirsute (Fig. 11A). Aedeagus

membranous with two dorsally directed lobes, triangular basal patch of spinulae,

rhomboid median patch of flat topped projections (Fig. 11B).

Female. - Body length ca. 7.5-8.5mm. Subgenital plate short, length of preceding

segment, triangular with tip broadly rounded, broadly attached to preceding segment,

slightly incised basally (Fig. 11D).

Egg. - Length 0.325mm, width 0.25mm. No collar. Chorion punctate at poles,

median band smooth. Lateral row of micropyles slightly posterior of median (Fig. 11C).

Diagnosis. - This species is the only species with a small, densely hirsute epiproct

that is longer than wide and it is the only species known from eastern North America.

Type depository. - Museum of Comparative Zoology #11348, Holotype female.

Type data. - U.S.A. New York: Colden, 06-VII-1895, N. Banks.

Emergence time. - Summer.

Geographic range. - Eastern North America.

Material examined. - CANADA: QUEBEC: Bradore Bay, VIII-1930, from CNC

(CNC). Creek 3 mi. E. of Glen Sutton, 11-VI-1964, coll. ?, 'o S . Goudreault River at

Laval U., 14-VII-1958, #357, PC-1(b), R. Malouin d'd'b (CNC). U.S.A.: NORTH
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CAROLINA: Yancy Co.; Mt. Mitchell, Camp Alice, Lower Creek, 5700-6000', 03-IX-

1976, J.S. Weaver III, 1 (RFS). S Toe River, 1/4mi upstream of Black Mtn. Cmpg, 23-

VII-1983, UV light, Hamilton, Holzenthal, Weaver, Malicky, 1 o (BYU). MAINE:

Piscataquis Co.; Chimney Pond, Mt. Katahdin, 26-VIII-1939, T.H. Frison and T.H.

Frison, Jr., 1 d (CNC). Mt. Katahdin, Roaring Brooks, 26-VII-1934, T.H. Frison and

T.H. Frison, Jr., 5cd'5 ? (BYU). Mt. Katahdin, Roaring Brooks, 26-VII-1934, T.H. Frison

and T.H. Frison, Jr., 1 d'1 (RFS). PENNSYLVANIA: Jefferson Co.; Clear Creek, 28-

VII-1985, R.W. Surdick and T.H. Surdick, 1 a"2? (RFS). Kittanning State Forest, Clear

Creek, 25-VI or VII-1981, R.W. Surdick, 1 c'3 ? (RFS). Luzeme Co.; Huntington Ck.,

14-VII-1976, J. Earle, 1 ? (JE). Lyco Co; Bear Creek, ab 3rd Bdge, 04-VII-1993, GAH

(JE). Somerset Co., Mill Run, Laurel Hill State Forest, 25-VII-1976, R.W. and T.H.

Surdick, 1 o"1 ? (RFS). Tioga Co., Ansonia, Colton Point, Right Branch Run, 31-VI-

1978, J.S. Weaver III, 1od (RFS). Warren Co.; East Branch Hemlock Creek, 22-VII-

1980, E.C. Masteller, 2? (RFS). East Hemlock Creek, 12-VII-1979, E.C. Masteller

(RFS). West Branch Hemlock Creek, 01-VIII-1979, E.C. Masteller, 2 (RFS). West

Fork of Hemlock Creek, 22-VI-1979, R. Anderson 1 '10 9 (RFS). Westmoreland Co.;

Indian Creek, up Little Run, 28-VII-1994, J. Earle, 1 ? (JE). Indian Creek, up Little Run,

13-VI-1995, J. Earle, 1 6" (JE). Indian Creek, Skyview Rd., 08-VII-1994, J. Earle 3de (JE).

Roaring Run, Camp Alliquippa, 07-VII-1994, J. Earle, 3d' 1? (JE). Roaring Run, Camp

Alliquippa, 26-VI-1996, J. Earle, 1 ? (JE). Linn Run, 27-VII-1975, R.W. and T.H.

Surdick 3 d'2 (RFS). VIRGINIA: Grayson Co.; Fox Creek, Rt. 603, 18-VII-1981,

Kondratieff, 3 d'Ns (RFS). near Fairwood, Lewis Fork of Fox Creek, 02-VII-1978, R.F.



52

Kirchner-G.T. and M.W. Voreh, 2d'1N (RFS). Shenandoah N.P., Staunton River, 01-

VII-1987, S. Hiner, 1 cd (CSU). WEST VIRGINIA: Pendleton Co.; Whites Run, trib. to

Seneca Crk., Spruce Knob Recreation Area, 27-VI-1981, R.F. Surdick, D.H. Pifer 7d01 9

(RFS). Randolph Co., stream opposite Bowden Fish Hatchery, Monongahela Natl.

Forest, Rte. 33, 28-VI-1981, R.F. Surdick, D.H. Pifer, 1 9 (RFS).

Remarks. - While this genus is relatively diverse in the Palearctic and western

North America, this is the only species currently known from eastern North America. It

is also relatively infrequently collected unlike many western North American species. It

has been suggested that two species may occur in eastern North America, but I could not

support this through examination of the available material using both dissecting and

scanning electron microscopy. Preliminary phylogenetic analysis indicates that this

species has recently invaded eastern North America which may explain the lack of

diversity in the east.

Suwallia nipponica (Okamoto, 1912)

Figs. 12A-E.

Chloroperla nipponica Okamoto, 1912, p. 146

Alloperla nipponica (Okamoto, 1912), Kohno, 1957, p. 20

Alloperla nipponica (Okamoto, 1912), Kawai, 1967, p. 172 - 173.

Suwallia nipponica (Okamoto, 1912), Zwick, 1971, p.41 .

Male. - Body length ca. 6-7mm. General color yellow. Head and pronotum



53

completely black. Distal 90% of antennal segments dark. Meso- and metanota dark with

dark 'U' shaped markings. Mesosternum entirely dark. Entire tarsi, distal end of tibia and

femur dark. Abdomen with median dark stripe to segment eight and lateral stripes to

segment two (Fig. 12E). Tergum nine only slightly extended. Hemitergal processes

short, straight, medially directed, moderately hirsute, tips blunt. Epiproct a small,

posteriorly directed point; margined basally in posteriorly directed hairs (Fig. 12A).

Aedeagus membranous with a basal and median patch of spinulae. Large, dorsal rounded

lobe clothed in fine spinulae present (Fig. 12B).

Female. - Body length ca. 7-8mm. Subgenital plate the length of the preceding

segment, attached across 3/4 of the width of the preceding segment, no basal incision

(Fig. 12D).

Egg. - Length ca. 0.025mm, width 0.0175mm. Collar a single row and abruptly

indented basally. Chorion smooth (Fig. 12C).

Diagnosis. - This is the only species of Suwallia with a small, dorsally directed

spine as an epiproct. Suwallia bimaculata, S. sachalina, and S. tsudai all have black

pigmentation like S. nipponica, however, they have bifurcate posteriorly directed

processes on the epiproct.

Type data. - Unknown

Emergence time. - Summer

Geographic range. - JAPAN: Honshu.

Material examined. - JAPAN: Nara Pref., Oto-mura, 13-VII-1995, Isobe, 2ea, 19

(Nara). Tokushima Pref., Mt. Tsurugi, 10-VII-1993, 3 d', 1 9 (Isobe). Okanba-zawa,
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1650-1900mh, Ashiyasu-mura, Yamanashi, Honshu, 11-X-1992, T. Hattori, 1 9 (KDA').

Nakamiya Onsen, Yoshinotani-mura, Ishikawa, 30-VIII-1996, T. Shimizu, 2 9 (KDA).

Nakamiya to Osoi, Oguchi-mura, Ishikawa, 30-VIII-1996, T. Shimizu, 17 9 (KDA).

Kuzuha-gawa, 720mh, Hanadano-shi, Kanagawa, 28-VI-1993, T. Nozaki (KDA).

Kamanashi-gawa, 930-1000mh, Fujimi-Cho, Nagana, Honshu, 14-VI-1992, T. Hattori

1 9 (KDA). Shin-hotaka-onsem, Kamitakara-mura, Gifu, Honsho, 30-VII-1990, T.

Shimizu and S. Uchida, 6e23 9 (KDA). Warashina-gawa, 430mh, Oma, Shizvoka-shi,

Shizuoka, Honshu, 18-VI-1992, 2 o" (KDA).

Remarks. - This is an apparently common and widespread species on Honshu

(Kawai, 1967).

Suwallia pallidula (Banks, 1904)

Figs. 13A-E.

Alloperla pallidula Banks, 1904, 30: 99.

Alloperla pallidula Needham and Claassen, 1925, 2: 108, male and female; figs. 12 - 13,

p. 335, male and female genitalia.

Alloperla dubia Frison, 1935, in Ricker, 1943.

Alloperla (Suwallia) pallidula Ricker, 1943, 12: 141, aedeagus.

Suwallia pallidula Illies, 1966, 82: 449.

Suwalliapallidula Surdick, 1985, pp. 32-34, not Banks.

Male. - Body length ca. 5-6mm. General color yellow. Head concolorous. Distal

two-thirds of antennae dark. Anterior and lateral pronotal margins darkly pigmented.
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Meso- and metanota with 'U' shaped markings. Tarsi dark. Abdomen with thin median

stripe to segment seven, sometimes to segment ten (Fig. 13E). Hemitergal processes

curved; hirsute; antero-medially directed; tips blunt. Epiproct a small, hirsute,

subtriangular knob; slightly more narrow posteriorly (Fig. 13A). Aedeagus membranous

with pentagonal basal patch of spinulae and rhomboidal median patch (Fig. 13B).

Female. - Body length ca. 6-7mm. Subgenital plate 1.5X length of preceding

segment; subtriangular; bluntly pointed; broadly attached to preceding segment (Fig.

13C).

Egg. - Length ca. 0.28mm, width ca. 0.15 mm. Collar with single row. Chorion

smooth at poles; median band of scattered, rounded projections (Fig. 13D).

Diagnosis. - This species is distinguished from other Nearctic species with small

rounded epiprocts by a lack of lobes and the two patches of dorsally located patches of

spinulae on the aedeagus. The sides of the basal most patch of spinulae is parallel sided

and then tapers to a point ventrally.

Type depository. - Museum of Comparative Zoology #11346, Holotype female.

Type data. - U.S.A. NEW MEXICO: Beulah, End of August, Cockerell.

Geographic range. - Rocky Mountains.

Material examined. - U.S.A.: ARIZONA: Cochise Co.; Upper Cave Creek,

Chiricahua Mountains, 17-VIII-1970, K. Clark and D. Sall, 3d'1 (BYU). COLORADO:

Glen Haven, 28-VII-1946, P.B. Lawson, 3 d' (CAS). Michigan River, Cameron Pass,

elev., 9500', Sta. 12, 17-20-VIII-1947, Ross and Ross, o'd'b 9 (CNC). Conejos Co.;

Conejos River at USDA-FS maint. Ctr., 15 mi. W. Antonito, Hwy. 17, 28-VII-1988, Ed
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Dewalt, 1 (INHS). Conejos River at USDA-FS maint. Ctr., 15 mi. W. Antonito, Hwy.

17, 11-VIII-1988, Ed Dewalt, 2 (INHS). Conejos River at USDA-FS maint. Ctr., 15 mi.

W. Antonito, Hwy. 17, 09-VIII-1988, Ed Dewalt, 1 ad (INHS). Conejos River at USDA-

FS maint. Ctr., 15 mi. W. Antonito, Hwy. 17, 13-VIII-1988, Ed Dewalt, 1 Y (INHS).

Massey Gulch, 1.65km upstr. Conejos River, 21km W Antonito, Hwy. 17, 09-VIII-1989,

3 c3 9 (INHS). Massey Gulch, 1.65km upstr. Conejos River, 21 km W Antonito, Hwy.

17, 20-VIII-1989, 11d'0169 (INHS). Grand Co.; Little Muddy Creek, Hwy. 40 near

Muddy Pass, 23-VIII-1967, d'o" (RFS). Tonahutu Creek, above Big Meadows, 16-

VII-1988, Kondratieff, d"'d' Y (CSU). Huerfano Co.; S. Abeyta Creek, off Rt. 160, La

Veta Pass, 9382 ft., Kondratieff, 4d'2 Y (CSU). Larimer Co.; Glacier Creek, 0.5 mi. SW

of Sprague Lake, 02-VIII-1988, Kondratieff, 15a"4 (CSU). Park Co.; Geneva Creek, in

Grant, 11-VII-1994, KDA94-102, K.D. Alexander and L.A. Stewart, 1 d' 1 (KDA).

Routt Co.; Fish Creek Falls, Steamboat Sp., 23-VIII-1967, B.R. Oblad, 42cd43 (BYU).

Teller Co.; Rule Creek, N of Woodland Park, 04-VIII-1987, Kondratieff, d'd ? (CSU).

IDAHO: Boise Co.; Clear Creek, 2mi. n of Payette River, S. Fk., 01-VIII-1995, KDA95-

153, K.D. Alexander and L.A. Stewart, 9e79 . Custer Co., Stanley Creek, at Hwy. 21 in

Sawtooth Rec. Area, 01-VIII-1996, KDA95-156, K.D. Alexander and L.A. Stewart, 2a"

(KDA). Washington Co.; Weiser River, Starkey, 06-VIII-1948, S.G. Jewett, Jr., 3 c'2

(CAS). MONTANA: Glacier Co., St. Mary River below upper St. Mary Lake, 09-IX-.

1968, R.W. Baumann, oia" (BYU). Creeks, el. 4800-5500', Many Glaciers, Glacier

Nat Pk., 24-VIII-1946, W.E. Ricker, do'd 'b (CNC). Granite Co.; Rock Creek, Murphy's

Camp ground Area, M.L. Miner, 28-VII-1966, &'dO' 9 (BYU). Lewis and Clark Co.; Ten
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Mile Creek, 10 mi. S.W. of Helena, 05-VIII-1966, J.R. Grierson, c'a09 9 (BYU). Lincoln

Co.; Yaak River at Yaak Falls, 19-VII-1994, KDA94-116, K.D. Alexander and L.A.

Stewart, 5a"1 9 (KDA). NEW MEXICO: San Miguel Co.; Porvenir Creek, Porvenir

Canyon at Porvenir Campground, 08-VIII-1996, KDA96-105, K.D. Alexander, 3i"1 9

topotypes (KDA). Porvenir Creek, Porvenir Canyon at Porvenir Campground, 16-VIII-

1996, KDA96-155, K.D. Alexander-L.A. Stewart-S.M. Stringer-S. Thomas, 7d'5 9

topotypes (KDA). OREGON: Baker Co., Powder River, nr. McCulley Falls, W of

Sumpter, 31-VII-1995, KDA95-150, K.D. Alexander and L.A. Stewart, 1 o (KDA).

Grant Co., Crane Creek, 7 mi. N of Granite, 31-VII-1995, KDA95-149, K.D. Alexander

and L.A. Stewart, 17c'1094N (KDA). John Day River, N. Fk., 9 mi. N of Granite, 30-

VII-1995. KDA95-148, K.D. Alexander and L.A. Stewart, 2e2? (KDA). UTAH: Salt

Lake Co., Big Cottonwood Creek, at Silver Fork, 14-VII-1966, R.W. Baumann, 11 d'89

(BYU). Big Cottonwood Creek, at Brighton, 12-VII-1966, R.W. Baumann, 21 o'23 9

(BYU). WYOMING: Sublette Co.; Green River at 352, 2 miles above Dollar Lake, 01-

VIII-1977, M. Cather, d'd 9 9 (RFS).

Remarks. - Although, the type locality is Beulah, NM, in Sapello River Canyon,

no Suwallia were collected there on four separate visits to that site. Porvenir Canyon is

the next major canyon to the south of Sapello River Canyon, so specimens collected from

Porvenir Canyon were used as topotypes for this study.

This species is distinct from S. pallidula as described in Surdick (1985) that I

classify here as S. starki. However, illustrations and descriptions in Gaufin et al. (1972)

and Baumann et al. (1977) as S. pallidula are correct but reported distributions generally
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are not.

This species is apparently more heat tolerant than the closely related species

occurring in the Rocky Mountains, S. starki. Suwallia pallidula is abundant in more

southerly and warmer areas whereas S. starki has a more northerly distribution.

Suwallia sachalina Zhiltzova, 1978

Figs. 14A-C.

Suwallia sachalina Zhiltzova, 1978; p. 546.

Male. - General body length ca. 6mm. General color pale in alcohol. Head with

dark pigmentation in ocellar triangle and forward to the clypeus, two short stripes

projecting from near lateral ocelli to the front margins of the compound eyes. Distal

three-fourths of antennae dark. Pronotum uniformly dusky. Meso- and metanota with 'U'

shaped markings. Tarsi dark. Abdomen with narrow median stripe to segment eight and

two lateral stripes to segment two (Fig. 14C). Tergum nine posterior margin straight.

Hemitergal processes very short; slightly curved antero-medially; hirsute; acute apically.

Epiproct slightly raised and recurved with a bifurcate posteriorly directed process;

margined basally with long posteriorly directed hairs (Fig. 14A).

Female. - Body length ca. 7mm. Subgenital plate subequal in length to preceding

segment; joined to preceding segment over 3/4 of its width; subtriangular in shape with

apex slight truncate (Fig. 14B).

Egg. - unknown.
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Diagnosis. - This species is separated from S. tsudai and S. bimaculata which

possess black pigmentation and posteriorly directed bifurcate processes on the epiproct by

its distinct head pattern and extremely short hemitergal processes.

Type depository. - Russian Academy of Sciences, St. Petersburg, Russia.

Type locality. - RUSSIA. SAKHALIN.

Emergence time. - Summer.

Geographic range. - Sakhalin.

Material examined. - RUSSIA: paratypes from Sakhalin, Ljutoga River, 04-VII-

1973, 2d"1 9, (KDA).

Remarks. - I have been able to locate references to the original description of this

species but they are in Russian and I have been unable to locate them. This species

remains relatively poorly known but is closely related to S. bimaculata, S. nipponica, and

S. tsudai which are found on the nearby islands of Japan.

Suwallia salish, n. sp.

Figs. 15A-E.

Male. - Body length ca. 7mm. General color yellow. Head concolorous. Distal

three-fourths of antennae dark. Anterior and lateral pronotal margins dark; ecdysial

suture black. Meso- and metanota with 'U' shaped markings. Tarsi dark. Abdomen with

median black stripe extending to segments six or seven (Fig. 15E). Hemitergal processes

curved; antero-medially directed; tips blunt. Epiproct a broad, rounded disc-like knob;

densely pubescent(Fig. 15A). Aedeagus membranous with a 'T' shaped median patch of
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short spinulae (Fig. 15B).

Female. - Body length ca. 8mm. Subgenital plate long, nearly 3X length of

preceding segment; laterally notched 3/4 down its length to produce a slight tongue near

tip; tip broadly rounded; broadly attached to preceding segment; slightly incised at base

(Fig. 15D).

Egg. - Length ca. 0.3mm, width ca. 0.18mm. Collar a single row. Chorion

smooth (Fig. 15C).

Diagnosis. - The 'T' shaped basal patch of spinulae on the aedeagus and the

rounded, medium sized densely pubescent epiproct separate this species from all others in

North America.

Type depository. - Holotype male and 5 a", 6 paratypes deposited at the

California Academy of Sciences, San Francisco.

Type data. - U.S.A.: MONTANA: Lake Co.; Yellow Bay, Flathead Lake, 14-

VII-1994, K.D. Alexander and L.A. Stewart.

Emergence time. - Summer (Year round?)

Geographic range. - Flathead Lake, Montana.

Material examined. - U.S.A. MONTANA: Lake Co.; Yellow Bay, Flathead

Lake, 01-VII-1987, K.W. Stewart, 17d"16 - (UNT). Yellow Bay, Flathead Lake, 01-VII-

1989, K.W. Stewart, 8e" (UNT). Yellow Bay, Flathead Lake, 01-VII-1989, KDA94-106,

K.D. Alexander and L.A. Stewart, o'o" 9N's (KDA)

Etymology. - This species is named for the people who originally inhabited the

area around Flathead Lake (Leitch, 1979).
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Remarks. - This species is described from a population in Yellow Bay, Flathead

Lake, Montana that K.W. Stewart collected in 1987 and brought to my attention as a

potential undescribed species based on its unique habitat. The hyporheic flow of Yellow

Bay Creek entering the lentic body of Flathead Lake creates an unusual habitat that is

essentially a lotic habitat in a lentic zone and there are reports (D. Potter, pers. com.) of

this species emerging throughout the year.. Lentic dwelling stonefly species tend to be

widespread but this is the only locality known for this species at this time. It is probable

that its range will be greatly extended.

Suwallia shepardi, sp. nov.

Figs. 16A-D.

Male. - Body length ca. 6mm. General color tan. Head with brown pigment in

ocellar triangle, in a small comma shaped area anterolateral to the median ocellus and as

small extensions from lateral ocelli. Antennae uniformly tan. Pronotum margined

completely with dark pigment; rugosites dark; ecdysial suture dark. Meso- and metanota

with dark 'U' shaped.markings. Legs uniformly tan. Broad abdominal stripe to tergum

seven (Fig. 16D). Tergum nine slightly recessed. Hemitergal processes absent,

hemitergal setae sparse. Epiproct extended consisting of a dense patch of directed, long

hairs (Fig. 16B). Basal bar deeply recessed. Recessed region between hemiterga

narrowly angled (Fig. 16A). Shape of aedeagus unknown but without sclerotized patches

or processes.

Female. - Body length ca. 8mm. Subgenital plate short, length of preceding
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segment; notched laterally halfway down length to produce a tabbed end; attached across

central half of preceding segment; moderately incised at base; apex emarginate (Fig.

16C).

Egg. - Unknown.

Diagnosis. - This species is separable from all other species of Suwallia, except S.

sierra, by the absence of hemitergal processes. It is separable from S. sierra by its more

narrow basal bar, more hirsute hemiterga ten and the epiproct being more extended and

hirsute. Also, this species has a larger pigmented pattern on the head and is larger than S.

sierra. The females are separable by the apical indention of the subgenital plate in S.

shepardi.

Type depository. - Holotype male, Allotype female and paratype male in

California Academy of Sciences, San Francisco.

Type data. - U.S.A. CALIFORNIA: Mariposa Co.; Cuneo Creek, 1.5 mi. NE

Coulterville, 17-IV-1992, William D. Shepard.

Emergence time. - Spring.

Geographic range. - Southern Sierra Nevada of California, U.S.A.

Material examined. - U.S.A.: CALIFORNIA: Mariposa Co., Cuneo Creek, 1.5

mi. NE Coulterville, 17-IV-1992, William D. Shepard, 3d'1 (CAS).

Etymology. - This species is named in honor of William D. Shepard who has been

an avid stonefly enthusiast. He collected the only known specimens of this species in

addition to many other interesting stoneflies over the years.

Remarks. - This species is only known from the type locality in the Sierra Nevada
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and appears to be the sister species to S. sierra. It has a more southern locality than S.

sierra but all of the specimens reported in Baumann and Bottorff (in press) have not been

examined in this study.

Suwallia sierra, Baumann and Bottorff, in press.

Figs. 17A-E.

Suwallia sierra, Baumann and Bottorff, in press.

Male. - Body length ca. 5mm. General color tan. Head with brown pigment in

ocellar triangle. Antennae uniformly tan. Pronotum completely margined with dark

pigment; dark rugosites; ecdysial suture dark. Meso- and meta nota with dark 'U' shaped

markings. Legs uniformly tan. Broad abdominal stripe to tergum eight (Fig. 17E).

Tergum nine slightly recessed. Hemitergal processes absent, hemitergal setae sparse.

Epiproct not extended, consisting of a patch of posteriorly directed, long hairs. Basal bar

deeply recessed, broadly angled (Fig. 17A). Aedeagus short, barely longer than wide;

distal end with two broad lobes; basal patch of spinulae circular (Fig. 17B).

Female. - Body length ca. 6mm. Subgenital plate short, length of preceding

segment; notched laterally halfway down length to produce a tabbed end; attached across

central half of preceding segment; moderately incised at base; apex rounded, not

emarginate (Fig. 17D).

Egg. - Length ca. 0.28mm, width ca. 0.13mm at widest point. Greatest width near

pole. No collar. Chorion with raised projections arranged hexagonally, with other
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scattered projections (Fig. 17C).

Diagnosis. - This species is separable from all other species of Suwallia, except S.

shepardi, by the absence of hemitergal processes. It is separable from S. shepardi by its

broader basal bar, less hirsute hemiterga ten and the epiproct being more recessed and

less hirsute. Also, this species has less head pigmentation and is smaller than S. shepardi.

The females are separable by the apical indention of the subgenital plate in S. shepardi.

Type depository. - Holotype male and allotype female in U.S. National Museum,

Washington, D.C.

Type data. - U.S.A.: CALIFORNIA: Nevada Co.; Sweetland Creek, Hwy. 49.,

3.2 km south of North San Juan, 18 May 1983, R.W. Baumann, R.C. Mower and M.F.

Whiting.

Emergence time. - Spring.

Geographic range. - Small tributaries in the lower elevation of the Sierra Nevada,

California.

Material examined. - U.S.A.: CALIFORNIA: Sacramento Co.; Small S. bank

trib to Cosumnes River, upstream of Michigan Bar bridge. 29-IV-1986, R.L. Bottorff

(RLB).

Remarks. - This species is known only from localities in the lower elevations of

the Sierra Nevada and appears to be the sister taxon to S. shepardi. It inhabits a small,

often intermittent creeks which is tributary of the Cosumnes River (R.L. Bottorff,

personal communication). Baumann and Bottorff (in press) report that larval gut contents

consisted of chironomid larvae, diatoms and fine organic detritus. Also, they report well
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developed eggs in mature nymphs.

Suwallia starki, n. sp.

Figs. 18A-E.

Male. - Body length ca. 7-8mm. General color yellow. Head concolorous. Distal

two-thirds of antennae dark. Anterior and lateral pronotal margins dark. Meso- and

metanota with 'U' shaped markings. Tarsi dark. Abdomen with broad, median black

stripe to segment nine or ten (Fig. 18E). Tergum nine slightly produced posteriorly to

form a small tab. Hemitergal processes curved; antero-medially directed; hirsute; tips

acutely pointed. Epiproct a small, hirsute, subtriangular knob; slightly more narrow

posteriorly (Fig. 18A). Aedeagus is membranous, anteriorly directed when extruded, ca.

2X as long as wide. Dorsal aspect with a small dorsally directed, median basal lobe and

paired, dorsally directed, rounded lateral lobes. Apex with a slight curl. Surface texture of

the regions varied; basal surface with flat, triangulate projections, having hair-like,

produced apices; surface posterior to the median lobe with flat-topped, polygonal

projections; dorsal surface of lateral lobes with evenly spaced pores and groups of

multiple-tipped, finger-like projections (Fig. 18B).

Female. - Body length ca. 9mm. Subgenital plate subtriangular and short, equal in

length to preceding segment; posterior tip broadly rounded; broadly connected to

preceding segment; slightly incised at base (Fig. 18D).

Egg. - Length ca. 0.3mm, width ca. 0.175mm. Collar single row, abruptly

narrowed. Chorion with irregular, rugose projections over anterior 3/4; posterior 1/4
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smooth (Fig. 18C).

Diagnosis. - This species is separated from other Nearctic Suwallia with small

rounded epiprocts by the three lobes on the aedeagus (Fig. 18B) and the slight tab

extending from tergum nine (Fig. 18A). The egg is also diagnostic in being the only

Suwallia egg known with irregular rugose, projections.

Emergence time. - Summer and Fall

Geographic range. - Rocky Mountains, Pacific Northwest to Alaska.

Type depository. - Holotype male and 4e" and 5 paratypes deposited in the

California Academy of Sciences, San Francisco.

Type data. - U.S.A. MONTANA: Gallatin Co.; Madison River, S. Fork, at Hwy.

20, W of West Yellowstone, 03-VIII-1995, KDA95-160, K.D. Alexander and L.A.

Stewart.

Material examined. - CANADA: ALBERTA: Banff above Bow falls and bridge,

19-VIII-1969, C.M. Yarmaloy, do"b (BYU). Banff, below Lake Minnewanka, Creek

passing thru (sic) Lower Bankhead Coal Pile, 22-VIII-1969, C.M. Yarmoloy (BYU).

Banff, between Bow Falls and Townsite Bridge, 30-VIII-1969, B.M. Yarmoloy, a" " 9

(BYU). BRITISH COLUMBIA: Elk River, Hasmer, 09-VII-1949, H.B. Leech, 1 cr1 d

(CAS). Nechako River, Pr. George, 15-VII-1938, ? coll. (CNC). Vedder Crossing, ?7-

VIII-1937, W.E. Ricker (CNC). U.S.A.: ALASKA: Moose Crk., 3 mi. W. on Hwy. 1 of

Hwy inters.at Glenallen, 22-VII-1986, K.W. Stewart, M. Oswood 1 a" (UNT). Russian

River above falls, Kenai Penisula, 01-VIII-1969, E. Charnov, a"a"9 (RFS).

CALIFORNIA: Alpine Co.; Carson River, W. Fork, at Sorenson's on Hwy. 88, 12-VII-
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1995, KDA95-124, K.D. Alexander and R.L. Bottorff, 2d' (KDA). COLORADO:

Chaffee Co.; Arkansas River ca. 5mi. S of Granite, 06-VIII-1995, KDA95-172, K.D.

Alexander and L.A. Stewart, 1 d'4 (KDA). Eagle Co.; Colorado River at State Bridge

on Hwy. 131, S of Bond, 05-VIII-1995, KDA95-168, K.D. Alexander and L.A. Stewart,

3d'69. Eagle River at Walcott, 05-VIII-1995, KDA95-169, K.D. Alexander and L.A.

Stewart, 3ae (KDA). Homestake River, at Hornsilver C.G., 05-VIII-1995, KDA95-170,

K.D. Alexander and L.A. Stewart, 6d'5 (KDA). Grand Co.; Fraser River, Granby, 04-

VIII-1973, B. Stark and R.W. Baumann, d'o" ? (BPS). Lake Co.; Arkansas River 9.4

km below confluence of California Gulch (elev. 9510), T9S, R80W, S32, 16-VIII-1985,

S.J. Herrmann (CSU). Mesa Co.; Plateau Creek, nr Collbram, 19-VI-1986, 2ad (CSU).

Routt Co.; Elk River at Clark, 17-VII-1968, B.R. Oblad, d'o b (RFS). Elk River of

Yampa River, 4 mi NW of Rt. 40, 01-VIII-1986, Kondratieff-Kirchner, c'oa (CSU).

IDAHO: Boise Co.; Payette River, S. Fk., 6 mi E of Lowman, 01-VIII-1995, KDA95-

154, K.D. Alexander and L.A. Stewart, 8a"10 Y (KDA). Custer Co.; Salmon River, nr.

Basin Creek, E. of Stanley, 01-VIII-1995, KDA95-157, K.D. Alexander and L.A.

Stewart, 11 '3 (KDA). Stanley Creek, at Hwy. 21 in Sawtooth Rec. Area, O1-VIII-

1996, KDA95-156, K.D. Alexander and L.A. Stewart, 5e" (KDA). MONTANA:

Gallatin Co.; Madison River, S. Fork, at Hwy. 20, W of West Yellowstone, 03-VIII-

1995, KDA95-160, K.D. Alexander and L.A. Stewart, 14d'9? (KDA). Flathead Co.;

Middle Fk. Flathead River, at Hwy. 2, 5 mi. E. of West Glacier, 18-VII-1994, KDA94-

115, K.D. Alexander and L.A. Stewart, c a 9 (KDA). Glacier Co.; Glacier Nat'l Park,

Swift Current Lake, Many Glaciers Campground, 29-VII-1969, A.R. Gaufin, odos9 9
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(BPS). St. Mary's River, Bridge east of Babb, Montana, 11-VIII-1967, A.R. Gaufin,

'b Y 9 (BYU). Two Medicine River, at Hwy. 49, 4mi. N of East Glacier, 18-VII-1994,

KDA94-113, K.D. Alexander, 5o"3 Y (KDA). Lake Co; Swan River, at Fatty Creek Rd.,

15-VII-1994, K.D. Alexander, 2 d'3 (KDA). OREGON: Lane Co.; Willamette River at

Eugene, 23-VII-1946, L.A. Fulton and S.G. Jewett, Jr. 2d'79 (CAS). UTAH: Daggett

Co.; Sheep Creek, at Hwy. 44, 04-VIII-1995, KDA95-166, K.D. Alexander and L.A.

Stewart, 9de1 (KDA). Duchesne Co., Uinta River, Uinta Cmpg., 07-VIII-1975,

Baumann URUC-03, 1 '1 (BYU). Salt Lake Co.; Big Cottonwood Creek at Power

Plant, 04-VIII-1965, R.W. Baumann, od'd' Y (BYU). Wasatch Co.; Daniels Creek at

Whiskey Springs, 03-VII-1973, B. Stark and R.W. Baumann, a"cd 9(BPS). Provo Riv.,

6 mi. W of Heber, 04-VII-1974, B.P. Stark, 9c? (BPS). WASHINGTON: Jefferson Co.;

Hoh River at Willoughby Creek, 22-VII-1996, KDA96-129, K.D. Alexander, 2cd'4 ? 5ex.

(KDA). Hoh River at Willoughby Creek, 23-VII-1996, KDA96-141, K.D. Alexander,

1 d'"2 (KDA). Skagit Co.; Skagit River, nr. Corindale, 25-VII-1994, KDA94-126, K.D.

Alexander, 8o'2 (KDA). Sauk River, ca. 5mi. N of Darrington, 23-VII-1994, KDA94-

123, K.D. Alexander and L.A. Stewart, 4ci6 (KDA). Snohomish Co.; Stillaguamish

River, at Boardman C.G. nr. Boardman Creek, 23-VII-1994, KDA94-121, K.D.

Alexander 3 o' (KDA). Whatcom Co.; Nooksack River, Middle Fk., ca. 5 mi. from

Mosquito Lake Road, 25-VII-1996, KDA96-149, K.D. Alexander and G. Kraft, 1c'39

(KDA). WYOMING: Park Co.; Clarks Fork of Yellowstone River, 12 mi. SE of Cooke

City, Mont., 28-VII-1966, J.R. Grierson, d'd'b (BYU). Sublette Co.; Green River, at

Hwy 191, 04-VIII-1995, KDA95-164, K.D. Alexander and L.A. Stewart, 17d'21 Y
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(KDA). Hoback River, ca. 5 mi. E of Hoback Junction, 04-VIII-1995, KDA95-163, K.D.

Alexander and L.A. Stewart, 6c'3 9 (KDA). Teton Co.; Buffalo River ca. 3mi. N of Hwy

26, E of Grand Teton N.P., 04-VIII-1995, KDA95-161, K.D. Alexander and L.A. Stewart,

13 d'8 9 (KDA). Snake River, at Hwy. 191, S of Jackson, 04-VIII-1995, KDA95-162,

K.D. Alexander and L.A. Stewart, 10d'99 (KDA).

Etymology. - This species is named in honor of Dr. Bill P. Stark. His work with

aedeagi of systellognathan stoneflies has laid the groundwork for my initial identification

of this species based primarily on aedeagal characters.

Remarks. - The aedeagal characters described and shown here are consistent with

those illustrated for S. pallidula by Surdick (1985) and S. autumna by Gaufin et al.

(1972), and are similar to those of specimens I have collected over much of western

North America, although variations occur between populations. This species is also

reported as S. pallidula in the aedeagal descriptions in Alexander and Stewart (in press).

The autumn emerging populations tend to be darker and slightly more sclerotized, yet are

morphologically indistinguishable at this point. They may represent ecophenotypes of

this species and be the S. autumna records reported for the Rocky Mountains by Baumann

et al. (1977) and Gaufin et al. (1972). This species is probably the most widespread

Suwallia species in North America ranging from the central Rockies to the Pacific

Northwest and Alaska.

A mosaic gynandromorph was taken from MT: Glacier Co., St. Mary's River at

Babb, 21-VII-1979, by Stark, Stewart and Baumann. The external male genitalia were

fully formed while a subgenital plate was partially formed and it was full of eggs! This
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was the only gynander found out of all the Suwallia specimens examined.

Suwallia sublimis, sp. nov.

Figs. 19A-E.

Male. - Body length ca. 6-7mm. General color tannish-yellow. Head

concolorous. Distal three-fourths of antennae dark. Pronotum completely margined with

a thin region of dark pigment. Meso- and metanota with black 'U' shaped marks. Tarsi

and tibia dark. Abdomen with median black stripe to segment eight (Fig. 19E).

Hemitergal processes curved, anteromedially directed, hirsute, apices acutely pointed.

Epiproct extended posteriorly; a flat oblong disc, longer than wide, moderately pubescent

with short, stout hair-like projections (Fig. 19A). Aedeagus unknown but without

sclerotized structures when viewed internally.

Female. - Body length ca. 7-8mm. Subgenital plate long, >2X the preceding

segment; notched laterally, halfway down length, apically indented, broadly attached to

preceding segment, slightly incised at base (Fig. 19D).

Egg. - Length ca. 0.275mm, width ca. 0.20mm. Collar a single row. Chorion

covered with irregularly spaced, small, rounded projections (Fig. 19C).

Diagnosis. - This species is separable from all other North American Suwallia by

its oblong epiproct with short, sparse hairs.

Type depository. - Holotype male, allotype female, 3 male and three female

paratypes deposited in the California Academy of Sciences, San Francisco.

Type data. - U.S.A. CALIFORNIA: Mono Co.; Latopie Lake Outlet, Emigrant
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Wilderness, 11-VIII-1990, WDSA763, C.B. Barr and W.D. Shepard.

Emergence time. - Summer

Geographic range. - Sierra Nevada of California.

Material examined. - U.S.A.: CALIFORNIA: El Dorado Co.; N. Cosumnes at

Singleton, 16-VIII-1982, R.L. Bottorff, 1 o'l (RLB). N. Cosumnes at Singleton Plasse,

02-VIII-1982, R.L. Bottorff, 1 (RLB). N. Cosumnes River at Singleton Plasse, 23-VIII-

1982, R.L. Bottorff, 1 (RLB).

Etymology. - Sublimis means "to be raised aloft' and refers to the elevation of the

headwaters of the Sierra Nevadan streams that are the only localities where this species

has been collected.

Remarks. - Rare. In studies of the stoneflies of Cosumnes River by R.L Bottorff

and A. Knight, this species was originally identified as S. autumna because of its tan

color and late summer emergence. After noticing the lack of a sclerotized aedeagal

appendage and examination of the epiproct, it became readily apparent that this

represented a new species.

This species very closely resembles S. decolorata that is described known from

the eastern Palearctic. If this resemblance equals a sister species relationship, then these

species have very unusual biogeographic affinities that are difficult to explain.

Suwallia talalajensis Zhiltzova in Levanidova and Zhiltzova, 1976

Figs. 20A-D.

Suwallia talalajensis, Levanidova and Zhiltzova, 1976: 25 - 29.
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Male. - Body length ca. 9mm. General color pale in alcohol. Head with dark

pigment in ocellar triangle and two small spots near clypeus; lighter pigment connecting

ocellar triangle, the two spots and the clypeus. Additional thin band of dark of pigment at

occiput. Antennal segments dark. Pronotum completely margined in dark pigmentation;

ecdysial suture and middle 1/4 of pronotal disc darkly pigmented. Meso- and metanota

with 'U' shaped markings with the central area of the 'U' lightly pigmented. An additional

pigmented small triangle occurs on the anterior margin of the pronotum. Tarsi dark.

Abdomen with median stripe through segment eight, lateral stripes through segment two

(Fig. 20D). Tergum nine very slightly produced. Hemitergal processes medium in

length, straight and anteriorly directed, moderately hirsute, apices blunt. Epiproct longer

than wide, densely covered with long fine hairs (Fig. 20A). Aedeagus with fine spinules

as seen internally.

Female. - Body length ca. 10mm. Subgenital plate short, less than length of

preceding segment; broadly attached, posterior margin broadly truncate and slight

emarginate (Fig. 20C).

Egg. - Length ca. 0.325mm, width 0.225mm. Collar three rows. Chorion smooth

(Fig. 20B).

Diagnosis. - This large species is distinguished from other mainland Palearctic

species by the distinct color pattern on the head and elliptical shaped epiproct with

dorsally directed hairs.

Type. - Zoological Institute, Russian Academy of Sciences, St. Petersburg.
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Emergence time. - Late summer

Geographic range. - Northeastern Asia, Kamchatka, Chukotka

Material examined. - RUSSIA: paratypes from Magadan Prov., Sibit-tiellakh

stream ol'en', 24-VII-1977, L. Zhiltzova, 3cd'2 (KDA).

Remarks. - This species is not well known. Levanidova and Zhiltzova (1979)

discuss the distribution and emergence period for this species.

Suwallia teleckojensis (Simal, 1939)

Figs. 21A-E.

Alloperla teleckojensis Simal, 1939, p. 423, female.

Alloperla teleckojensis (Simal, 1939); Zapkina-Dul'keit, 1956, male and larva.

Chloroperla teleckojensis (Simal, 1939); Illies, 1966; p. 443.

Alloperla teleckojensis (Simal, 1939); Rauser, 1968; p. 336.

Suwallia teleckojensis (Simal, 1939); Zwick, Levanidova and Zhiltzova, 1971; p. 857.

Male. - Body length ca. 6-7mm. General color pale in alcohol. Head with dark

pigmentation in ocellar triangle and on anterior margin of clypeus. Antennae entirely

dark. Anterior and postero-lateral pronotal margins dark; Pronotal disc with faint, broad

median stripe. Meso- and metanota with 'U' shaped markings. Tarsi dark. Abdomen

with median, dark stripe through segment eight; lateral stripes through segment two (Fig.

20E). Tergum eight extended, slightly emarginate. Hemitergal processes basally angled,

straight, moderately hirsute, apices blunt. Epiproct a posteriorly extended, oblong tab;
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completely clothed with fine posteriorly directed hairs (Fig. 21A). Aedeagus

membranous with a large, rounded median lobe; median 'V' shaped patch of sclerotized

projections visible internally or extruded (Fig. 21B).

Female. - Body length ca. 7-8mm. Subgenital plate ca. 2X length of preceding

segment, basally attached across more than 3/4 of width of preceding segment,

subtriangular, apically truncate, no basal incision (Fig. 21D).

Egg. - Length ca. 0.3mm, width ca. 0.21mm. Collar a single row. Chorion

punctate near poles (Fig. 21C).

Diagnosis. - This species is distinguished from other Palearctic species by the

elliptical epiproct that is entirely covered with posteriorly directed hairs. The aedeagus is

diagnostic by the distinct shape of the 'V"-shaped sclerotized patch.

Type data. - Unknown.

Emergence time. - Summer.

Geographic range. - Eastern Palearctic.

Material examined. - RUSSIA: paratypes from Baykalsu, river Solzan (tributary

of Baykal), 26-VII-1979, L. Zhiltzova, 3 c'3 (KDA). Archan River, 800-900m.s.m.,

Archan, Buriatya, Siberia, 07-IX-1995, J.M. Tierno and A. Sanchez-Ortega, d'" '

(KDA). Iturup Porozhistaya Riv., Sopochnoye L. (RG-11), 45-19', 148-25', 19-VIII-

1994, Teslenko and Gara Minakaw, 2o"2 9 (KDA). Kunashir, Rikorda River, headwater

tribs. (NM-11-13), 43-46'42", 145-31'-06", 02-VIII-1994, Teslenko (9-12) and Gara

Minaka, 1 a (WWU).

Remarks. - The type of this species has been destroyed (Zwick et al., 1971) and
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Zwick, Levanidova and Zhiltzova (1971) redescribe this species as does Zapekina-

Dul'keit (1955).

This is probably the most well studied species of Suwallia with Levanidova

(1970) discussing the biology of this widespread species. Levanidova and Zhiltzova

(1979) state that S. teleckojensis is confined to mountains of the south and foothill rivers

of North due to inability to adapt to changing climate. They also describe the larvae as

inhabiting areas of slow current and small limnocrens in Kamchatka.

Suwallia tsudai (Kawai, 1966)

Figs. 22A-E.

Alloperla tsudai Kawai, 1967, p. 169 - 171, male and female.

Suwallia tsudai (Kawai, 1967), Zwick, 1971, p. 41.

Male. - Body length ca. 7.5mm. General color yellowish brown. Head with dark

black pigmentation in ocellar triangle and immediately anteriorly to clypeus. Pronotal

disc dark with light rugosities. Meso- and metanota with dark 'U' shaped markings.

Abdomen with dark triangular pigment spots on median, anterior margins of terga

through segment 8, lateral stripe through segment two (Fig. 22D). Tergum nine slightly

extended, broadly rounded. Hemitergal processes of medium length, anteromedially

curved, mildly hirsute, apices blunt. Epiproct raised and slightly recurved, posteriorly

directed bifurcate process, basally margined with long posteriorly directed hairs (Figs.

21A,B). Aedeagus finely spinulated as viewed interiorly.
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Female. - Body length ca. 7.5mm. Subgenital plate subequal in length to

preceding segment, broadly rounded, attached across median 3/4 of preceding segment

(Fig. 22C).

Egg. - Unknown.

Diagnosis. - This species is distinguished from other species with posteriorly

bifurcate epiprocts by the shape of the black pigment on the head; the overall dark

pigmentation on the pronotum, rather than black, and the longer and more curved

hemitergal processes.

Type depository. - Holotype male in Nara Women's University.

Type data. - Hirakata, Osaka Pref., 21-V-1956, Kawai, leg.

Emergence time. - Spring to Summer

Geographic range. - Japan.

Material examined. - JAPAN: Ojironai-gawa, mori-machi, Hokkaido, 12-16-V-

1994, M. Nakajima, 20o (KDA). Ojironai-gawa, mori-machi, Hokkaido, 13-24-VII-1995,

K. Takeuchi, 1 Y (KDA). Ojironai-gawa, mori-machi, Hokkaido, 4-5-VII-1994, M.

Nakajima, 1 o' (KDA). Ojironai-gawa, mori-machi, Hokkaido, 23-VI--03-VII-1995,

1 d1 Y (KDA). Ojironai-gawa, mori-machi, Hokkaido, 03-13-VII-1995, 1 Y (KDA).

Remarks. - This species was originally describe in the genus Alloperla by Kawai

(1967), however, Zwick (1971) noticed the presence of hemitergal processes and

transferred this species into Suwallia.

Suwallia wardi Kondratieff and Kirchner, 1991



77

Figs. 23A-E

Suwallia wardi Kondratieff and Kirchner, 1991, p. 202.

Male. - Body length ca. 9mm. General color green. Head concolorous with

occasionally two tan patches laterally on occiput. Pronotum with dark median ecdysial

suture. Meso- and metanota with 'U' shaped marks. Abdomen with thin black median

stripe to segment four (Fig. 23A). Tergum nine broadly extended posteriorly. Hemitergal

processes strongly curved anteriomedially, bare, tips acutely pointed. Epiproct a rounded,

densely pubescent knob (Fig. 23 A). Aedeagus membranous with a small median and

two large lateral lobes, basal patch of spinulae a broad rectangular band, no median patch

of projections (Fig. 22B).

Female. - Body length ca. 11mm. Subgenital plate equal in length to preceding

segment; broadly rounded, broadly attached to preceding segment over 3/4 width,

moderately incised at base (Fig. 23D).

Egg. - Length ca. 0.3mm, width ca. 0.2mm. Collar two rows. Chorion irregularly

covered with small, rounded knob-like projections (Fig. 23C).

Diagnosis. - This species is larger than any other species of Suwallia in North

America and is green in life. It is also is unique in the lack of pigment on the margins of

the pronotum and the very short median abdominal stripe.

Type depository. - Holotype male and allotype female in U.S. National Museum,

Washington, D.C.

Type data. - U.S.A. COLORADO: Larimer Co.; Small stream entering upper
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pond at Ben Delatour Scout Ranch, 21-VI-1990, B.C. Kondratieff.

Geographic range. - Rocky Mountains

Material examined. - U.S.A.: COLORADO: Conejos Co.; Conejos River at

USDA-FS Maint. Ctr., 15 mi. W. of Antonito, Hwy. 17, 29-V-1989, E. Dewalt, 1 d'1 9

(INHS). Conejos River at USDA-FS Maint. Ctr., 15 mi. W. of Antonito, Hwy. 17, 19-V-

1989, E. Dewalt, 1 ' (INHS). Conejos River at USDA-FS Maint. Ctr., 15 mi. W. of

Antonito, Hwy. 17, 02-VI-1989, E. Dewalt, 1 (INHS). Conejos River at USDA-FS

Maint. Ctr., 15 mi. W. of Antonito, Hwy. 17, 29-V-1989, E. Dewalt, 2d' (INHS).

Conejos River at USDA-FS Maint. Ctr., 15 mi. W. of Antonito, Hwy. 17, 21-VI-1989, E.

Dewalt, 15 9 (INHS). Conejos River at USDA-FS Maint. Ctr., 15 mi. W. of Antonito,

Hwy. 17, 21-VI-1989, E. Dewalt, 2d'29 (BYU). Conejos River at USDA-FS Maint.

Ctr., 15 mi. W. of Antonito, Hwy. 17, 07-VII-1989, E. Dewalt, 6e7? (INHS). Conejos

River at USDA-FS Maint. Ctr., 15 mi. W. of Antonito, Hwy. 17, 12-VII-1989, E. Dewalt,

1 9 (INHS). Larimer Co., small stream in upper pond of Ben Delatour Scout Ranch, 21-

VI-1990, B.C. Kondratieff, o'd 9 9 paratypes (CSU)and 3d'3 9 paratypes (BYU). Park

Co.; Tarryall Creek, Hwy. 285 near Como, 08-VIII-1973, R.W. Baumann and W.P. Stark,

2d'1 9 (BYU). Routt Co.; trickle - imi. from Fish Creek Falls, 25-VI-1968, B.R. Oblad,

2d"69 (RFS). IDAHO: Franklin Co.; 4 mi. W. of Liberty, Emigration Canyon, 15-VII-

1976, G.F. Knowlton, 5? (RFS). MONTANA: Ravalli Co.; Sweeny Creek 1.5 mi.

above Hwy. 93, 14-VII-1965, 109 (RFS).

Remarks. - The records for Idaho and Montana listed here are state distributional

records and it is probable that further records exist. This species may be restricted to high
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elevation springs and seeps which are common near the collection sites listed above.

Discussion.

Twenty three species of Suwalliini stoneflies are now known and listed in Table 1.

All species, except S. asiatica, are redescribed and diagnoses provided based on external

male and female genitalia, as well as internal male genitalia and eggs where available,

using light and scanning electron microscopy. Five new species, S. amoenacolens, S.

salish, S. shepardi, S. starki and S. sublimis, are described from western North America.

Suwalliajezoensis is raised from synonymy with S. teleckojensis and Alloperla

bimaculata is transferred to Suwallia.

The genus Neaviperla is synonymized with Suwallia due to a lack of diagnostic

characters in multiple life stages when Palearctic and Nearctic species are considered.

Thus, the tribe Suwalliini contains a single genus. The inclusion of S. shepardi and S.

sierra make it necessary to remove the character of hemitergal processes as a

synapomorphy for this tribe. The synapomorphies diagnostic for this lade are 1. adult

mandibles reduced, and 2. epiproct reduced to a small, lightly sclerotized hemispherical

knob or disc.

Little is published about the biology of species in this genus except that of the

adult behaviors of S. pallidula in Alexander and Stewart (in press, Chapter 5) and that the

larvae of S. teleckojensis is an inhabitant of slow, backwater areas of streams (Levanidova

and Zhiltzova, 1979). Dewalt et al. (1994) and Dewalt and Stewart (1995) reported the

extended emergence phenologies of S. lineosa, S. pallidula and S. wardi from southern
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Colorado, U.S.A. However, larvae were only present immediately prior to emergence

and are presumed to primarily be hyporheic. Fuller and Stewart (1977) reported Suwallia

sp. larvae to be omnivorous but the larvae of this genus were inseparable from other

chloroperlid genera at that time and the data must be viewed with some uncertainty.

My preliminary gut content analysis, using the methods of Bello (1991), of late

instar nymphs from Quebec, Colorado and Alaska has shown only an occasional

Orthocladiinae (Diptera: Chironomidae) larva with no other food matter present. Most

guts were empty indicating that late instars feed sporadically, very temporally or feeding

in late instars is suppressed. Baumann and Bottorff (in press) indicated the presence of

Chironomidae and coarse detritus in the guts of S. sierra. Adult guts, in my preliminary

analysis, contained large quantities of conifer pollen. I have noticed head movement near

drops of aphid 'honeydew' on upper leaf surfaces possibly indicating feeding on the

'honeydew' and the pollen adhering to it. It is obvious that much remains to be learned

about the biology of these fascinating stoneflies.
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Suwalliini Surdick, 1985 (22 spp.)

Suwallia Ricker, 1943 (=Neaviperla Ricker, 1943, in part) (23 spp.)

amoenacolens sp. nov.

asiatica Zhiltzova and Levanidova, 1978

autumna (Hoppe, 1938) [Alloperla]

bimaculata (Okamoto, 1912) [Chloroperla]

decolorata Zhiltzova and Levanidova, 1977

dubia (Frison, 1935) [Alloperla]

forcipata (Neave, 1929) [Alloperla]

jezoensis (Kohno, 1950) [Alloperla]

kerzhneri Zhiltzova and Zwick, 1971

lineosa (Banks, 1918) [Alloperla]

marginata (Banks, 1897) [Chloroperla]

nipponica (Okamoto, 1912) [Chloroperla]

pallidula (Banks, 1904) [Alloperla]

sachalina Zhiltzova, 1978

salish sp. nov.

shepardi sp. nov.

sierra Baumann and Bottorff, in press

starki sp. nov.

sublimis sp. nov.

talalajensis Levanidova and Zhiltzova, 1976
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teleckojensis (Samal, 1939) [Alloperla]

tsudai (Kawai, 1966) [Alloperla]

wardi Kondratieff and Kirchner, 1991
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Fig. 1. S. amoenacolens. A. Male external genitalia (EPI - epiproct, HTP -

hemitergal process, 9 - tergum nine). B. Aedeagus (BP - basal patch of spinulae). C.

Egg. D. Female subgenital plate. E. Adult color pattern.
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Fig. 2. S. asiatica? A. Male external genitalia (redrawn from Zhiltzova, L.A. and

Y.I. Zapekina-Dul'keit, 1986). B. Female subgenital plate.
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Fig. 3. S. autumna. A. Male external genitalia. B. Epiproct. C. Egg. D.

Sclerotized rod of aedeagus. E. Female subgenital plate. F. Adult color pattern.
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Fig. 4. S. bimaculata. A. Male external genitalia. B. Epiproct. C. Egg. D.

Sclerotized process of aedeagus. E. Female subgenital plate. F. Adult color pattern.
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Fig. 5. S. decolorata. A. Male external genitalia. B. Epiproct. C. Sclerotized

process of aedeagus. D. Female subgential plate. E. Adult color pattern.
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Fig. 6. S. dubia. A. Male external genitalia. B. Aedeagus. C. Egg. D. Female

subgenital plate. E. Adult color pattern.
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Fig. 7. S. forcipata. A. Male external genitalia. B. Epiproct. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 8. S. jezoensis. A. Male external genitalia. B. Epiproct. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 9. S. kerzhneri. A. Male external genitalia. B. Epiproct. C. Sclerotized

process of aedeagus. D. Female subgenital plate. E. Adult color pattern.
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Fig. 10. S. lineosa. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 11. S. marginata. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 12. S. nipponica. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 13. S. pallidula. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 14. S. sachalina. A. Male external genitalia. B. Female subgenital plate.

C. Adult color pattern.
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Fig. 15. S. salish. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 16. S. shepardi. A. Male external genitalia. B. Epiproct. C. Female

subgenital plate. D. Adult color pattern.
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Fig. 17. S. sierra. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.



121

D

E

&



122

Fig. 18. S. starki. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 19. S. sublimis. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 20. S. talalajensis. A. Male external genitalia. B. Egg. C. Female

subgenital plate. D. Adult color pattern.
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Fig. 21. S. teleckojensis. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.
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Fig. 22. S. tsudai. A. Male external genitalia. B. Epiproct. C. Female

subgenital plate. D. Adult color pattern.
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Fig. 23. S. wardi. A. Male external genitalia. B. Aedeagus. C. Egg. D.

Female subgenital plate. E. Adult color pattern.



133

t

* .

I 1 1

E



CHAPTER 3

DESCRIPTION AND THEORETICAL CONSIDERATIONS OF MATE FINDING

AND OTHER ADULT BEHAVIORS IN A COLORADO POPULATION

OF Claassenia sabulosa (Plecoptera: Perlidae).

Introduction

Adults of the northern hemisphere stonefly Group Systellognatha generally do not

feed (Hynes 1976); thus their post-emergence resource acquisition behavior is largely

confined to mate finding, aided by species-specific drumming or other forms of

intersexual vibrational communication (Stewart & Maketon 1991). Drumming signals

are known for many stonefly species, but the detailed natural mating system, mate

searching patterns and how vibrational communication is utilized for locating mates have

remained virtually unknown for all stonefly species. Stewart (1994) proposed that these

systems will likely involve some combination of aggregation of males and females at

encounter sites (Parker 1978), ranging search by males (Bell 1990, 1991) accompanied by

vibrational communication ("drumming"), then localized searching for females after

vibrational duets are established. Abbott & Stewart (1993) showed that drumming duets

from pairs of the stonefly Pteronarcella badia (Hagen) aided mate finding on flat

surfaces in the laboratory by reducing the time required for males to find females.

Ricker and Ross (1975), in a discussion of brachyptery in Plecoptera, described

the hiding of brachypterous Claassenia sabulosa (Banks) males under streamside stones
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during the day and their pursuit of females near the water's edge shortly after

macropterous female emergence. Stewart (1994) classified the encounter sites of this

species as the streambank and female emergence sites. These literature references and the

description of drumming signals (Zeigler & Stewart 1977) constitute the only published

knowledge of the mating system of this large, widespread, western perlid stonefly. Our

objectives in this study were to further describe the encounter site, the searching pattern,

the natural mating system in relation to drumming and other adult behaviors of C.

sabulosa.

Materials and Methods

The study site (Fig. 2) was a section of the west bank of the Gunnison River about

3 km downstream from Almont, Colorado, where it is formed by confluence of the East

and Taylor Rivers. During July and August, 1992 and 1993, the section was divided into

five, 1Gm long sections spaced 20m apart. The study area included a variety of potential

streambank habitats and ranged from a point bar to a cut bank. Cast exuviae from C.

sabulosa were counted, sexed and removed at intervals reported in Figure 1 within these

sections to determine location of emergence sites and to estimate the density of C.

sabulosa at the study site. We distinguished female exuviae from males by their size and

the notches on the eighth sternum.

Since we presumed that adults remained close to the shoreline, five, evenly spaced

pitfall traps, constructed of modified aluminum soda cans, buried with tops flush to the

ground and filled with 70% ethanol, were installed 1 m from the shoreline in each section.
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Also, a nearly continuous strip of nonpoisonous, insect pest glue was placed on stones

and around the base of vegetation between the pitfall traps. These were checked regularly

and individuals removed to assess whether C. sabulosa adults moved further than 1 m

from the apparently, non-fluctuating shoreline.

Intensive field observations and searches for individuals were made in all apparent

riparian habitats and during all periods of the day and night in both years to qualitatively

determine mate finding and adult behaviors. Additionally, behaviors were taped in the

field using a Sony t m CCD-FX5 10 Video Camera Recorder having a 2 lux illumination

capability, for later analysis in the laboratory. We found, in attempts to tape movements

in 1992, that when illuminated with incandescent light, this nocturnal insect ceased

activity observed under natural light by remaining stationary or running to areas not

illuminated by the light. Therefore, taping during darkness in 1993, was accomplished

without apparent alteration of activity levels or movements by using a battery powered

lantern with its lens covered by a red, transparent film of the type used for slide-lock

report covers. Numerous attempts were made under a variety of conditions to study the

mate finding behavior of C. sabulosa in the experimental arena described by Abbott &

Stewart (1993), but none were successful, suggesting they did not respond well to an

artificial environment.

We analyzed the data on emergence location and emergence site using the X2

method and conservatively adjusted with a Yates correction when only two categories

existed (Zar 1984; SAS Institute 1985). The data on sexual differences in emergence

time and location were analyzed using a one-tailed independent t-test when an
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assumption of direction was made (Zar 1984; SAS Institute 1985).

Results

In 1992, the emergence of C. sabulosa had begun before the start of the study on

July 30. Their maximum observed emergence density was 2.00 insects/m of stream

length/day (ins/m/day) on July 31, and this steadily declined to 0.56 ins/m/day on August

5 when the study ended that year (Fig. 1). The estimated total emergence for this six day

period was 6.73 ins/m of stream. In 1993, the emergence was recorded from August 6 -

19, beginning at 0.28 ins/m/day, peaking at 3.08 ins/m/day on August 14 and declining

precipitously afterwards. The estimated total emergence was 14.14 ins/m of stream (Fig.

1). Based on exuvial counts from both years, males constituted 57.4% of the individuals

(n = 421) collected from the five study sections, thus producing a slightly male-skewed

sex ratio. This is similar to the ratio reported for C. sabulosa by Dewalt and Stewart

(1995) from the Rio Conejos in southern Colorado.

Claassenia sabulosa showed two significant tendencies in emergence location

from the five study sections. First, based on data from both years, C. sabulosa strongly

tended not to emerge on the stream section nearest the cut bank (X2 w/Yates correction =

26.2, P < 0.001). Secondly, the point bar section of the stream was reconfigured by

flooding in 1993 to include a 20m long by 5m wide cobble-based island separated from

the bank by a 2m wide channel of stream. Claassenia sabulosa strongly tended to emerge

in that section that included the upstream, rocky tip of this island (X2 w/Yates correction

= 152.3, P < 0.001). Emergence numbers from all other stream sections were not
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significantly different (X2, P > 0.05).

Based on exuvial counts, 88.8% of C. sabulosa emerged on instream cobbles

partially exposed above the water's surface and separated from the shoreline (i.e.

emergent stones)(Fig. 2) while the remaining nymphs emerged onto stones or debris

contiguous with the shoreline. In 1993, the times that nymphs crawled from the stream

onto emergent stones were recorded for 10 males and 12 females. The mean crawl-out

time for males was 8:43 p.m. MDT (range = 8:26 - 9:05 p.m. MDT, SD = 14.55 min) and

for females it was 8:56 p.m. MDT (range = 8:45 - 9:17 p.m. MDT, SD = 10.47 min).

These times corresponded to the period immediately after sunset but before moonrise

when there was virtually no light. A one-tailed independent t-test indicated that females

crawled out significantly later than males (t = 2.3, P = 0.015). After emergence from the

water, molting took an average of 14.3 min in males (n = 4, range = 9-20 min., SD = 5.12

min) and 21.7 min in females (n = 7, range = 15-34 min., SD = 6.18). Molting time was

significantly longer for females than males (one-tailed independent t-test, t = 2.04, P =

0.036). Therefore, the difference in crawl-out time and the longer time for females to

molt contributed to the presence of active, teneral males at the precise time when females

were completing their molt.

After molting, the teneral males immediately began a search pattern by scrambling

over emergent stones, presumably searching for females. The search pattern consisted of

scrambling over high areas and angular areas of their emergent stone encounter sites with

figure 3 illustrating the search pattern of four males taken from videotape. Males would

occasionally drum on the emergent stones but this did not appear to function in
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communication because stones are non-resonant (Stewart and Zeigler 1984). If no female

was encountered during a search, the male then scrambled across the surface of the water

until he encountered another emergent stone. This searching pattern continued for

approximately 2h or until moonrise. Both sexes then scrambled to the bank and remained

inactive under streamside stones or debris, until the next night. The streamside pitfall

traps collected only one female and no specimens were collectd in the sticky traps,

indicating almost no activity further than 1m away from the shoreline. This was

confirmed by no observations of adults further than 1 m from the streamside. Males are

brachypterous and cannot fly. Females are macropterous, but contrary to a description by

Ricker & Ross (1975), we never observed them in flight and we could not induce them to

fly at any age. Thus, the terrestrial distribution of this population of C. sabulosa, appears

to be limited to within 1m of the streamside.

Males encountering a molting female mounted her and remained in contact (Fig.

4), presumably guarding her from other males, until molting was complete. The male

attempted copulation as soon as her genitalia became exposed from the nymphal

exuvium. Copulation was accomplished, usually with the male probing with his abdomen

on the right side of the female, when he could gain apposition with her subgenital plate.

Most females were mated for the first time before hardening due in part to a

predominance of males in the population and the effectiveness of males in searching out

the female emergence sites. Copulation lasted an average of 61.6 s (n = 8, SD = 21.93,

range = 42 -111 s), and the male subsequently remained mounted on the female

presumably to delay or reduce further matings by other males. Two females that were not
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guarded by males following copulation were observed engaging in multiple copulations.

One female copulated nine times with five different males while another female

copulated six times with four different males. This is the first report of polyandry in

Plecoptera.

Females held in a styrofoam cooler extruded egg masses, usually within one day

after mating, and supported it between the cerci and over the terminal abdominal terga.

Non-mated females held under the same conditions produced egg masses only after 4-5

days. Tests for the viability and hatching time of the eggs were not conducted. We

observed oviposition in the field during the activity period after dark. Females scrambled

across the surface of the water near the shoreline and dipped their abdomens into the

stream, releasing the egg masses.

Discussion

The mate finding system of this population of C. sabulosa generally conforms to

that proposed by Stewart (1994) for Arctoperlarian stoneflies. They utilize an emergent

stone encounter site to aggregate the sexes, and males drum while engaged in a ranging

search. However, in contrast to the system proposed by Stewart (1994), duets are not

established between a male and female and the males do not engage in a localized search

to "home" in on a female's signal. Questions then are why does C. sabulosa drum, what

function does it accomplish, and what other mechanisms function to locate mates?

Drumming has long been considered to play a substantial role in mate-finding in

Arctoperlarian stoneflies (Stewart & Maketon 1991; Abbott & Stewart 1993), and our
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own work confirms that most other Arctoperlarian stonefly species utilize vibrational

communication for mate location. Even though C. sabulosa is a prolific drummer

(Zeigler & Stewart 1977), possesses a hammer to aid in production of vibrations (Stewart

& Maketon 1991), and as reported here males drum on non-resonant stones while mate

searching, drumming does not appear to play a substantial role in mate finding in this

population. We propose that at least in this population of C. sabulosa, a highly effective

encounter site mechanism has replaced the use of drumming for mate finding in this

species, and that non-effective drumming in this population is an evolutionary holdover.

We propose the following evolutionary scenario for this retained drumming in C.

sabulosa. Historically, or in cases of streams with no emergent stones, the adults would

migrate to the streamside vegetation where drumming would be used to locate mates,

presumably on the base of large trees. The low, wide morphology of this species prevents

it from effectively maneuvering on small, narrow objects such as branches. If a genetic

alteration occurred that provided males with brachyptery and the behavior to remain at the

emergent stone emergence site, then they could potentially mate with females before they

migrate to the riparian vegetation. Previous drumming studies have demonstrated that

mated females of most species no longer respond to drumming signals from males

(Stewart & Maketon 1991). Thus, females migrating to the riparian environment would

not answer male vibrational signals, giving the males searching emergent stones a distinct

adaptive advantage in mating.

The emergent stone encounter site utilized by this population is a very restricted,

patchy area, with shallow water isolating the patches along the stream shoreline and
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around any islands. Such a restrictive site can be effectively searched by males

scrambling over the rock surfaces in a very short time, without the need for vibrational

communication. Also, these encounter sites are non-resonant and thus cannot transmit

vibrational signals (Stewart & Zeigler 1984).

This idea that a restricted encounter site is the main mechanism for mate finding is

reinforced by the specificity of C. sabulosa for the streambank sections of the Gunnison

River containing instream, emergent stones. Claassenia sabulosa showed a strong

tendency for not emerging on the cut bank which lacked the type of stones needed for

their emergence and encounter sites. However, they did emerge on the upstream tip of

the island, which provided the cobbles utilized for emergence and encounter sites. Also,

C. sabulosa adults were restricted to near shore habitats and did not venture into adjacent

riparian habitats.

Besides the spatial encounter site of emergent stones, there was a temporal

encountering mechanism. In this population of C. sabulosa, nymphs emerged and adults

were active only during a period of total darkness immediately following sunset. Males

emerged earlier than females on the same day, and both sexes were able to mate while

still teneral. Diel periodicity and teneral mating have not been previously documented in

Plecoptera. Thus, the male brachyptery and the timing of male-female encounter in this

population serve to provide male presence when females are available and receptive,

insuring mating success. This activity period also decreases risk from visually oriented

predators. Synchronized emergence in aquatic insects is usually discussed only in terms

of predator swamping and the function for mate encountering is often overlooked. The
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move toward this highly specific temporal and spatial encounter site convention lessens

the need for communication, which may have been more functional in ancestral forms of

the species in locating mates over a larger area and longer time frame.

The competition between males to quickly find virgin females of this species may

have lead to brachyptery in males. If early arrival at an encounter site increases a male's

chance of mating, and the encounter site is accessible without flight, then the transfer of

energy and time from production of wings and associated musculature to energy and time

for early arrival and vigorous searching at the encounter site may have received strong

selective pressure. Thus, strong competition between males to quickly arrive at the

encounter site could cause the brachypterous mutation to become prevalent in the

population.

The mate finding behavior in this population of C. sabulosa may be explained as

a shift from drumming assisted search to an encounter site specific search. There has

been substantial pressure somewhere in the evolutionary past for the males to be

brachypterous, emerge earlier and molt more quickly than females. Males emerging

before females would have an adaptive advantage because they could occupy and begin

searching the potential encounter site while waiting for females to emerge. First-arriving

males guarded female nymphs until they had emerged to an extent that allowed

copulation. Late arriving males attempted to dislodge the first male, but were never seen

to be successful. Post-copulatory guarding usually occurred, was brief (ca. 1 min.), and

was significant because it allowed the female to harden, crawl to the edge of the emergent

stone and scramble to shore before another male had access for mating. On rare
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occasions, a female that was not guarded by the first copulating male, was observed to

mate again. These characters of C. sabulosa support most of the predictions proposed by

Alcock (1994) concerning mate guarding, indicating that mate guarding in this population

results in increased fitness benefits and decreased fitness costs.

In summary, vibrational communication is not an effective means of mate finding

for this population at this encounter site. Although historically drumming may have

played a role in mate finding in C. sabulosa, this population has evolved a highly specific

encounter site mechanism, a search pattern specific to this encounter site and a

synchronized diel periodicity that facilitates the location of mates and insures mating

success. Table 1 summarizes an array of adult C. sabulosa behaviors, activity periods,

and habitats reported here and elsewhere. This study, with the work of Hanada et al.

(1994) and Muller (1973), represents our only knowledge of the adult life of any stonefly

species. These studies also reinforce the contention by Zwick (1990) that contrary to the

popular belief that stoneflies are cryptic, short-lived, relatively inactive creatures; many

species probably lead an active life and engage in a myriad of activities that are of major

ecological and evolutionary importance.
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Table 1. Natural activity periods, habitats, and adult behaviors of C. sabulosa

from the Gunnison River, Colorado.
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VARIABLE DESCRIPTION

Emergence Season Late July - Mid-August

Emergence Site(s) Emergent rocks in shallow water near shore

Emergence Time(s) Near total darkness after sunset, before moonrise
Males slightly earlier than females

Mean ( r) Molting Time a': 14.3 ( 5.12) min
_: 21,7 ( 6.18) min

Sex Ratio (e: 9) 1.34:1.00

Feeding/Aggregation for Feeding None

Encounter Sites Emergent stone = Female emergence sites

Communication 3-way monophasic drumming (Zeigler & Stewart
1977)

Male Search Behavior Searches high and angular areas of emergent stones
in a circling pattern

Female Search Behavior None

Mating Site(s) Emergent stones = Female emergence sites

Mating Condition a": polygamous
9: occasionally polyandrous

Mean ( r) Copulation Time 61.6 ( 21.93) s

Mate Guarding Time ca. 60 s

Overall Activity Period(s) Sunset to moonrise = near total darkness

Resting Period(s) Moonrise to sunset

Longevity ca. 4-5 days

Mean ( r) Egg Mass 2166.0 ( 774.0) eggs + additional batches (Dewalt &
Stewart, 1994)

Oviposition Scrambles across the water's surface, dips abdomen
releasing egg mass
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Fig. 1. Emergence phenology of C. sabulosa adults from the Gunnison River,

Colorado in 1992 and 1993.
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Fig. 2. Photograph of the Gunnison River, Colorado study site in 1992 showing

the instream emergent stones that serve as the emergence and encounter sites for C.

sabulosa.
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Fig. 3 a-d. Four typical C. sabulosa male search patterns and times on emergent

stones in the Gunnison River, Colorado. Contour lines = 2cm. Bar = 5 cm.
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Fig. 4. a. A nocturnal C. sabulosa male guarding a molting female. b. A male

guarding a molting female against a later arriving male.
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CHAPTER 4

THE MATE SEARCHING BEHAVIOR OF Perlinella drymo (NEWMAN)

(PLECOPTERA: PERLIDAE) IN RELATION TO DRUMMING

ON A BRANCHED SYSTEM.

Introduction.

Adults of the northern hemisphere stonefly Group Systellognatha generally do not

feed (Hynes 1976); thus, their adult resource acquisition behavior is largely confined to

mate finding. Mate finding in the suborder Arctoperlaria is presumably facilitated by

species-specific drumming or other forms of intersexual vibrational communication

(Stewart & Maketon 1991), although no observations in nature or laboratory experiments

on a natural, branched system have ever confirmed this. A study by Abbott & Stewart

(1993) of Pteronarcella badia (Hagen) showed that on a flat, experimental arena, males

duetting with females located the female in less time than those of non-communicating

pairs. However, the artificial nature of the flat arena may have influenced the search

behavior of this species whose natural encounter site is on riparian shrubs (Dewalt &

Stewart 1995).

Drumming signals are known for many Arctoperlarian species, including those of

Perlinella drymo (Newman) (Zeigler & Stewart 1977, Stewart & Zeigler 1984, Stewart &

Maketon 1991), but their mate searching patterns, and specifically if or how vibrational

communication is used for locating mates has remained virtually unstudied in stoneflies.

157
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Stewart (1994) proposed that the communication-search systems of Arctoperlaria will

likely involve some combination of aggregation of males and females at specific

encounter sites (Parker 1978), ranging search by males (Bell 1990, 1991) accompanied by

vibrational calling, then localized searching for females after duets with females have

been established.

Stewart & Zeigler (1984) showed that P. drymo could communicate with their

unique drumming duets for distances up to 8 m on a continuous wooden rod 5-9 mm in

diameter. Pairs were unable to communicate over a 25-cm distance on a 4.2 kg rock.

Our research reported here was conducted to determine: 1) the mate searching pattern of

P. drymo on a natural, dried tree branch, that simulates the branching of its natural tree

encounter site, 2) if duetting facilitates mate finding on the branched system, and if so, 3)

to what degree males can use duetting information to locate females.

Materials and Methods.

Nymphs of P. drymo were collected on February 24, 1994, from the Middle Fork

of the Bosque River, McClennan Co., Texas, USA, ~1 mile north of the town of

Crawford. They were returned to the Aquatic Entomology Laboratory at the University of

North Texas and reared in a Frigid Units Living Stream' at simulated stream

temperatures. A representative tree branch 80cm in length was collected from the same

locality and mounted vertically on a wooden base for use in laboratory trials to simulate

the natural encounter site of P. drymo.

Each experimental trial consisted of: (1) releasing a virgin female at the base of
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the branch and allowing her free ranging movement until she came to rest, (2) releasing a

virgin male at the same starting point, and (3) videotaping each search sequence,

including drumming, using a Sony CCD-FX5 10 camera for later analysis. Each trial was

terminated after a successful find of a female by the male or after ten minutes. Eighteen

trials were conducted with 7 virgin males and 8 virgin females. Experimental room

temperatures were 22 20 C and fluorescentlight intensity was about 85 fc.

Directional changes made by males while searching were categorized as either

correct turns or incorrect turns. Correct turns consisted of the male traveling in a

direction away from the female and reversing direction to travel in a direction toward the

female or when a he reached a bifurcation of the tree branch and traveled along the side

leading to her. Incorrect turns consisted of the male traveling in a direction toward the

female and reversing direction to travel away from the female or when he reached a

bifurcation of the tree branch and traveled along the side not leading to her.

A chi-square test was used to test for differences in find time and success of

finding between duetting and non-duetting pairs. A Yates correction was used to

conservatively adjust the chi-square value because there were only two classes in each

case. For comparing turns made by the male toward the female, Welch's approximate t-

test was used instead of a parametric t-test because variances were not equal. The non-

parametric Wilcoxon 2-sample test was used to compare distance traveled between males

of duetting and non-duetting pairs and turns made by the male away from the female. In

these instances, more than one assumption of parametric tests were not met.
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Results and Discussion

Fourteen of the trials involved duetting that was established within an average of

23.4 ( 25.96 SD) seconds after release of the male, indicating that handling did not

adversely affect the males and that they accepted the branch as a natural system for

searching. After release, a female in each experimental trial typically moved up the tree

branch and assumed a resting position. A typical search/communication pattern involved

the male moving up the main stem immediately after release, and searching branches

while intermittently calling the female who usually remained stationary on one of the

upper branches. Duets were established after the female began to answer male calls, and

this initiated a more localized search by the male. Figures 1-3 show three variations of

this pattern.

Generally, males found the female within the ten minute limit in 14 of the trials,

and were unsuccessful in four trials. The male located the female and attempted

copulation in 12 of the 14 trials involving duetting. Duetting was never established in

only four of the 18 trials, indicating a strong tendency toward vibrational communication,

yet the male found the female in two of these. Table 1 gives a summary of the trials.

Duet establishment stimulated males to search more intensely; those of duetting

pairs traveled significantly farther than males of non-duetting pairs (Wilcoxon 2-Sample

Test with Continuity Correction of 0.5, Z = -1.96, p = 0.0495) (fig. 4). This supports the

idea that the male gains information indicating that a receptive female is within

communication distance, and this stimulates further and more vigorous localized

searching. This is energetically important to adult P. drymo males, who presumably do
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not feed as adults, but live on fixed energy stores obtained as aquatic nymphs.

Time required for males to find females was then examined. Males of duetting

pairs required significantly less time to locate a female than males in non-duetting pairs

(X2 with Yates correction, X2 = 45.88, p«0.001) and male find time was highly

contingent upon duetting (Contingency Coefficient = 0.442). Reducing find time would

be important in the ephemeral (5-6 days) adult lives of these stoneflies where time is an

important constraint.

Males of duetting pairs did not locate the female significantly more often than

males in non-duetting pairs in this experimental setting (X2 with Yates correction, X2 
-

0.51, 0.50>p>0.25). The small numbers of non-duetting pairs and the small size of the

branch used in these trials may have biased our results against showing a difference in

frequency of finds. The small branch allowed even a random search by the two non-

duetting males to find the female. The much larger size of trees and shrubs in riparian

vegetation would render a random search much less efficient and presumably lower

chances of a male accidentally finding a female.

During duetting the male presumably receives information carried in the female's

answer. If he is able to integrate and utilize this information it would influence his search

pattern and result in greater efficiency in locating her. We compared the number of turns

toward and away from the female made by the males in duetting pairs to those in random

searches, to determine if males could integrate and utilize information contained within

the female answer. Males of duetting pairs made significantly more turns toward the

female than did males of non-duetting pairs (Welch's Approximate T-Test, T = 3.0033, p
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= 0.0092), but males of duetting pairs did not make significantly fewer turns away from

the female than males of non-duetting pairs (Wilcoxon 2-Sample Test with Continuity

Correction of 0.5, Z = -1.01446, p = 0.3103).

These results would be expected on a branching system due to the nature of the

substrate-borne signals. Without using any form of communication the male is making a

random search. His searching of branches and sub-branches results in a certain number

of turns away from or toward the female over a fixed time or until the female is found.

When duetting, the female is giving the male directional information about her location as

an answer to each male call (i.e., the vibrational signals come from behind or in front of

him). His response results in a general directional movement toward her. Males never

called at branch bifurcations. When a male therefore reaches a fork he randomly travels

up one side or the other. If he first travels up the one that does not lead to the female, the

further answer signals come from behind him and the turn is an incorrect one. At that

point, he turns around and travels back to the bifurcation and takes the other side resulting

in a significant increase in correct turns toward the female. Conversely, if a male takes

the branch leading to the female, then further duetting provides reinforcing information

coming from in front of him indicating that he is traveling toward her. This pattern is

repeated at each bifurcation, until he finds the female. These observations indicate that

female answers provide correctional and reinforcing information to the male search.

Repeated duetting results in the male not searching entire branches of the main stem but

shorter distances on branches not containing the female until correctional information

from the female signal is received and integrated (figs. 1-3). We surmise that future
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selection pressures may lead to the more efficacious behavior of a male calling

immediately at each bifurcation, where a female answer would provide the correct

directional information every time, and reduce required branch traveling distance.

In conclusion, this study provides strong support for the hypothesis that drumming

in P. drymo and probably other Arctoperlarian stoneflies is a mechanism for locating

mates. Duetting stimulates a male to vigorously continue a localized search and provides

the male with directional information on a branched system that he can integrate to make

corrections in direction and to decrease time and energy expended to locate a female.

This study also indicates that P. drymo is well adapted to locating mates on bifurcating

branches using vibrational signals. Additionally, due to the limitations on directional

travel of percussion-produced vibrational signals through naturally branched wood

substrates and directional choices a stonefly responding to those signals can make, the

drum search system of P. drymo may represent a model for species that utilize bush or

tree encounter sites.
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Table 1. Summary of mate searching trials for P. drymo pairs on a branched

system.
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# of # of Distance Time
# of incorrect correct traveled elapsed

Trial duets turns turns (cm) (sec) Find?

1 0 0 2 58.5 60 Yes

2 50 22 24 387.5 592 Yes

3 17 4 5. 110"0 57 Yes

4 60 20 23 604.0 600 No

5 57 6 7 203.0 300 Yes

6 N/A 3 6 121.0 70 Yes

7 35 41 21 463.5 300 Yes

8 7 0 1 72.5 28 Yes

9 51 15 15 377.7 334 Yes

10 5 2 4 144.9 64 Yes

11 0 2 1 90.6 600 No

12 0 8 4 145.4 72 Yes

13 0 4 1 38 600 No

14 64 17 32 498.7 420 Yes

15 1 2 1 101.5 32 Yes

16 19 6 5 172.5 120 Yes

17 4 3 2 142.4 63 Yes

18 17 3 1 70.0 118 Yes
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Figure 1. A P. drymo male search pattern covering 121 cm in 71 s that resulted in

finding the female.



169

1

y

2



170

Figure 2. A P. drymo male search pattern covering 110 cm in 57 s that resulted

in finding the female.
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Figure 3. A P. drymo male search pattern covering 142 cm in 63 s that resulted

in finding the female.
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Figure 4. Distance (cm) traveled by males of duetting and non-duetting pairs of P.

drymo on a branched system.
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CHAPTER 5

SUMMARY OF MATE FINDING BEHAVIOR OF SELECTED STONEFLY SPECIES

IN THE FAMILIES CHLOROPERLIDAE AND PERLIDAE

Introduction

Hynes (1976; several symposium addresses), Zwick (1990) and Stewart (1994)

have emphasized the need for further understanding of the adult lives of stoneflies.

Vibrational communication signals have been described for over 130 species of

Arctoperlaria (Stewart and Maketon 1991) but the closely associated behavior of mate-

searching and other adult behaviors of this suborder and for the Antarctoperlaria are

poorly known (Stewart 1994). Stewart (1994) proposed that the mate finding system of

Arctoperlarian stoneflies would involve some combination of encounter site behavior

(Parker 1978), ranging search (Bell 1990, 1991) in conjunction with vibrational

communication, then a localized search for females after duet establishment.

Abbott and Stewart (1993) reported the first detailed study of stonefly search behavior in

relation to drumming. They found that Pteronarcella badia (Hagen) males that engaged

in duetting with a virgin female on a flat, experimental area found the female in

significantly less time than did non-drummers or males that called with no female

answers. The male search patterns involved triangulation instead of direct homing. These

experiments showed that vibrational duetting by P. badia aided mate finding on a flat

surface and that males required several answers from the stationary female, while he was

176
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at different search positions, before he could locate her exact position. These experiments

did not establish the natural searching pattern for this species on the natural, bifurcating

substrate of their riparian shrub encounter sites (Dewalt and Stewart 1995).

In this chapter, I present the mate searching patterns of three North American

stonefly species that utilize different encounter sites: Suwallia pallidula (Banks), a

bushtopper; Claassenia sabulosa (Banks), a ground scrambler; and Perlinella drymo

(Newman), a treetopper. Their search patterns are considered within the framework

proposed by Stewart (1994). The patterns of S. pallidula and C. sabulosa are natural, as

revealed by intensive field observations in their natural habitats. The pattern of P. drymo

is described from laboratory observations on a bifurcating tree system, since field

observations in its assumed tree canopy encounter site would have been nearly

impossible.

Materials and Methods

Suwallia pallidula. The study sites were located on Quartz Creek, approximately

5 km south of Ohio City, Gunnison County, Colorado USA and on the Rio Conejos,

approximately 24 km west of Antonito, Conejos County, Colorado USA. Tremulation

and mate finding behavior was observed and videotaped at the Quartz Creek site with a

Sony" CCD-FX 510 video camera recorder on their riparian shrub encounter sites during

afternoon hours on 21 days during July and August, 1992 and 1993. The characteristics of

male tremulation calls and the pattern of searching in relation to tremulation duetting

were analyzed from the video sequences by conversion to BetacamM SP tape; this
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enabled observation of stonefly movements in slow motion and examination of individual

frames from each sequence.

To determine if certain plants were utilized for encounter sites, we identified the

first 100 woody riparian plants between groundlevel and 5 m encountered down a stretch

of stream at each study site. Five individual plants selected at random in each taxon

identified were sampled by sweep netting. The stoneflies were removed, preserved and

then identified in the laboratory. Comparisons were made between the frequency of the

plant species available and the frequency of S. pallidula adults on the vegetation using a

X2 analysis.

Claassenia sabulosa. The study site was located on the Gunnison River about 3

km downstream from Almont, Gunnison County, Colorado USA. Drumming and mate

finding behavior were observed along the stream bank on emergent stones immediately

following sunset on 19 days in July and August, 1992 and 1993. A battery powered

lantern fitted with a transparent red plastic film provided illumination for the observations

and videotaping using the video camera described above. Video sequences were analyzed

in the laboratory for searching patterns.

Perlinella drymo. I presumed P. drymo to be a treetopper since its been observed

that its post-emergence disappearance from understory vegetation or ground level habitats

for several years. Field observation of stonefly movements in the upper riparian canopy

are virtually impossible, therefore I conducted search sequence experiments in the

laboratory with reared, virgin adults on a tree limb taken from the collection site. Nymphs

were collected on February 24, 1994 from the Middle Fork of the Bosque River,
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McClennan County, Texas USA approximately 2 km north of Crawford. They were

reared in a Frigid Units Living Stream at simulated field conditions. The 80 cm,

bifurcating tree branch was mounted vertically on a wooden base. Each sequence

recorded involved releasing a virgin female, and then a male at the base of the branch and

videotaping the drumming-movement sequence that followed with the video camera

described above.

Results

Suwallia pallidula - A diurnal bushtopper. The search pattern of S. pallidula

males consisted of a "fly-tremulate-search" pattern similar to the "fly and call" pattern

reported for deltacephaline leafhoppers by Heady and Nault (1991). Males flew and

landed on riparian shrubs and began calling with distinctive tremulation signals. If no

female responded, the male flew to another branch or plant where he began another

ranging search and sequence of calls. If a receptive female, stationary on the top surface

of a leaf, received a male call, she answered with a tremulation signal followed by

travelling to the base of the leaf at the petiole where she remained stationary during

ensuing duets with the male. The male searched by travelling the stem, searching the

petiole and base of leaves as they were encountered while intermittently duetting with the

female (Fig. 1). After making contact with the female, the male immediately mounted the

female and began abdominal probing. Copulation occurred on the upper surface of the

leaves. The typical positioning of females at the base of a leaf, after duet establishment,

facilitated mate finding by ensuring that the male did not have to search each leaf in its
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entirety.

The species composition of vegetation along Quartz Creek was predominantly

composed of Rose (35%) and Alder (34%) while along the Rio Conejos Willow

comprised 62% of the vegetation (Table 1). The frequency of S. pallidula adults on

different taxa of riparian vegetation was significantly different than the frequency of the

vegetation itself at both the Quartz Creek site (X2 = 15.21, 0.005>p>0.001) (Table 2) and

the Rio Conejos site (X2 = 36.00, p<0.001) (Table 3). A subdivided X2 analysis indicated

that S. pallidula occurred more frequently on Alder (Alnus sp.) than on other types of

woody vegetation at both the Quartz Creek (X2 = 15.85, p<0.01) (Table 2) and Rio

Conejos (X 2, = 36.00, p<0.01) (Table 3) sites. This indicates that these populations of S.

pallidula utilize Alder (Alnus sp.) as their primary encounter site rather than riparian

shrubs in general.

Vibrational signals of S. pallidula males at the Quartz Creek site were produced

by non-contact tremulations. The tremulations were produced by a rapid rocking and

swinging motion that began with the male swinging back and rotating his anterior end

down and his posterior end up. The male then quickly rotated his anterior end up and

posterior end down while swinging forward, followed by a return to the horizontal

position (Fig. 2). Female tremulation was observed but due to the rarity of its occurrence,

no clear videotape was obtained for analysis.

Sixteen signals taken from eight males were analyzed. The males produced

grouped signals with a mean (+ SD) of 2.69 (+ 0.873) strokes per group and a range of 2 -

5 strokes per group. The mean (+ SD) intragroup time interval was 396 ( 58) ms with a
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range of 300 - 500 ms between strokes in a group. The mean (+ SD) intergroup time

interval was 3,491 ( 150) ms with a range of 2,067 - 6,566 ms. This grouped signal

pattern is similar to those reported for many Perlid and Perlodid species (Stewart and

Maketon 1991). However, following the work of Rupprecht (1981) on Siphonoperla, this

is only the second report of signal production by tremulation in Plecoptera. Both of these

genera are in the subfamily Chloroperlinae, thus tremulation may be a behavior unique to

this subfamily.

Claassenia sabulosa - a nocturnal groundscrambler. Males emerged from the

stream onto the stream bank or emergent stones, transformed and began searching

emergent or shoreline stones for emerging or post-emergent females. The search

consisted of circling stones by travelling along their ridges and high points (Fig. 3) with

occasional drumming on some stones. If no female was encountered, the male travelled to

another stone often by running across the water's surface. One or more males often

encountered an emerging female during their searching and one successful male

copulated with her, in some cases while she was still teneral. Females emerging in the

immediate absence of a male remained stationary on the angular or high areas of the

stone. Males showed a strong propensity to drum, as they do in the laboratory (Zeigler

and Stewart 1977), but this attempted communication did not appear to play a substantial

role in mate-finding in this population since they utilized non-resonant stones as

drumming substrate. Stewart and Zeigler (1984) demonstrated that no communication

takes place when male stoneflies call for females on the same stone.

Perlinella drymo - a diurnal treetopper. Males released at the base of the branch
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began to drum almost immediately, followed by travelling up the branch while continuing

to call. Receptive females, further up on the branch, responded by duetting with the male

while remaining stationary. Males travelled in the direction of the female, but due to the

bifurcating nature of the encounter site often took the fork not containing the female.

Males searching a fork not containing a female then turned around and proceeded up the

other fork. This pattern (Fig. 4) continued until contact was made with the female

followed by copulation.

Discussion

The mate finding systems of S. pallidula, C. sabulosa and P. drymo all conform to

the theoretical pattern proposed for Arctoperlarian stoneflies by Stewart (1994). They all

utilize an encounter site for initial aggregation of the sexes; their males engage in a

ranging search at the encounter site, while intermittently calling for females with species-

specific vibrational signals; and, except for the population of C. sabulosa, duets are

established that allow the male to begin a more localized search for the female whose

answers to his calls give him repeated information about her location.

Patterns of search by male stoneflies were unknown until experimental work

reported for P. badia by Abbott and Stewart (1993). The search pattern of males on a flat,

experimental arena involved triangulation, rather than direct homing, aided by resource-

specific (i.e. female) vibrational cues. In this case, the initial aggregation was by artificial,

random pair selection (as with P. drymo in this paper), without natural encounter sites,

after which the ranging and localized searches conformed to the framework proposed by
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Stewart (1994). Stewart (1994) also predicted that further study would reveal variable,

vibrational-search patterns in various species. This appears to be dictated by at least the

combination of selective processes during evolution of the behavior and the type of

substrate utilized for the encounter site and searching. Bifurcating systems (e.g. natural

vegetation) necessitate a different movement pattern than systems such as the

experimental arena, leaf mats or ground surfaces.

The mate finding system of the S. pallidula population is described as a "fly-

tremulate-search" pattern, somewhat similar to the "fly and call" pattern reported for

deltacephaline leafhoppers by Heady and Nault (1991). Initial aggregation of the sexes

occurred primarily on riparian Alder (Alnus sp.) to which males and females fly during

the late afternoon. Females take a position on the upper surface of leaves on the upper

reaches of limbs. Males begin a ranging search by flying from plant to plant or limb to

limb while intermittently calling with their distinctive tremulations. A tremulation duet is

established when a male call is answered by a female as he comes within communicable

distance to her. The localized search of the male then proceeds up the limb while he

continues to duet with the female as already described (Fig. 1) until the female is found.

This is probably a pattern followed by most small bushtoppers.

The C. sabulosa system is described as a "rock to rock" pattern. In this large river

population, the specific emergent rock encounter site of males and females and the

intensive rock searching behavior of the brachypterous males is apparently sufficient to

insure success of mate finding without vibrational communication. I consider the

intermittent drumming, performed by males largely on rocks, as an evolutionary carryover
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that is non-functional in populations such as this one, that utilize a rocky shoal encounter

site.

The system of P. drymo is a "fly-drum-search" pattern. Since the behavior has

been observed on a branch in the laboratory, and not in the riparian canopy, it is not

known to what extent flight versus crawling is used in the limb to limb searching. The

general pattern of searching upward by the male from branch to branch is probably

similar to S. pallidula.
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Table 1. Species composition (%) of woody riparian vegetation at the Quartz

Creek and Rio Conejos study sites.
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Table 2. Observed and expected frequencies of S. pallidula adults collected on

taxa of riparian vegetation on July 10, 1993 at the Quartz Creek study site.
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Table 3. Observed and expected frequencies of S. pallidula adults collected on

taxa of riparian vegetation on July 26, 1993 at the Rio Conejos study site.
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Figure 1. Typical search sequence of S. pallidula on an Alder (Alnus sp.) branch.
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Figure 2. Body positions of S. pallidula males during production of a single

tremulation.
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Figure 3. Typical search sequence of C. sabulosa on an emergent stone.
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Figure 4. Typical search sequence of P. drymo on a tree branch in the laboratory.
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