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ABSTRACT

The epiproct complex for six members of the Alloperla leonard&icker species group is examinel with scanning
electron microscopy for the first time, and monophyly for the group is asserted. Images for each species are
presented and structures of the epiproct complex are compared and redescribed. Species included in the
group are A. furculaSurdick, A. lenatiKondratieff & Kirchner, A.leonardaRicker, A. natcheZSurdick & Stark, A.
ouachitaStark & Stewart and A. prognoide$urdick & Stark. Images of other eastern NearcticAlloperlaspecies
were examined to provide outgroup data.
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INTRODUCTION various authors to represent a cluster of closely
The genus Alloperla is a Nearctic and eastern related species.Surdick & Stark (1980), for example,
Palearctic stonefly group whose greatest diversity  noted the similarity in the enlarged epiproct cowl for
may occur in eastern North America. Currently, 26  A. leonardaand their newly described species, A.
species, are known from this region (Surdick 2004; natchez Surdick & Stark, and Stark et al. (1983)
Kondratieff & Kirchner 2004), and several species Ul [ 1 UUI E uAUl€onaddE0G Gxudl R6» wDOwUOT 1
groups appear to be represented (Baumann & description of A. ouachitaStark & Stewart. The latter
Kondratieff 2009) although little formal analysis has  authors indicate the complex also includes A. furcula
been presented. Surdick (1985, 2004) did recognize Surdick (Surdick 1981) and A. natchez an additional
the Alloperla severgroup and suggested both eastern species, A. lenati Kondratieff & Kirchner, was
and western Nearctic species were included, and she described by Kondratieff & Kirchner (2004), and
also recognized several species pairs and small another, A. prognoidesSurdick & Stark, was described
groups of sibling species in both publications. In  in Surdick (2004). In addition to an enlarged epiproct
| YYKOwi OUwI R E OAlldpérieimtetilia,ud U BowlvhddelatePal lobes extend along either side of
atlantica, A. banksand A. hamataseem to be related the epiproct nearly to, or slightly beyond, its tip, the
UPEODOT wUx1 EBDI UBd 2 apical area of the epiproct bears ventrolateral rows of
An exception to this general pattern might occur ~ prominent setae, and the tip is bifurcate, or bears a
with A. leonardeRicker (Ricker 1952), and a group of  pair of prominent horns. The known species occur in
similar species which have been suggested by the southeastern United States from Arkansas to
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North Carolina, except for A. leonardawhich ranges
from Missouri to the provinces of Atl antic Canada
(Surdick 2004). Although adequate illustrations and
descriptions exist for these species, no SEM images
have been published for them, and the desirability
for studies of this type has been demonstrated in
other Alloperla species groups (Baumam &
Kondratieff 2008, 2009; Kondratieff & Kirchner 1993;
Lyon & Stark 1997; Stark & Nelson 2000).

MATERIALS AND METHODS

We obtained samples for the known species in the
presumptive complex for study with SEM, and
images of A. aracomaHarper & Kirchner, A. atlantica
Baumann, A. biserrataNelson & Kondratieff, and A.
imbecilla(Say) were prepared to provide outgroup
data. Additional outgroup data were gleaned from
unpublished images prepared by Lyon and from
Baumann & Kondratieff (2008, 2009). An attempt was
made to study topotype or paratype specimens when
possible and this was achieved for several species
Alloperla leonarda specimens from two widely
separated populations (Nova ScotiavsMissouri) are
E1 UPT OEUI EwEUwW?3ax] w

The wings were clipped for specimens utilized in
SEM studies, and the bodies placed in dishes of 80%
ethanol and sonicated for 12-15 seconds to remove
debris. Cleaned specimens were dehydrated through
a dilution series of 90%, 95% and 100% ethanol for 10
minutes each and then placed in Hexamethyldisilizane
for 30 minutes. Following this treatment, specimens
were attached to aluminum stubs with double stick
copper tape, coated with gold-palladium and
examined with an Amray 1810 scanning electron
microscope. Specinens utilized in this study are
from the collections of the C.P. Gillette Museum,

Alloperla furculaSurdick, 1981:349. Holotypell (United
States National Museum), Upper Three Runs Creek,
Aiken Co., South Carolina

Alloperla furcula Surdick, 2004:15. Redescription

Material examined. SC: Aiken Co., Upper Three

Runs Creek, Savannah River Plant, 1 April 1977,
Herlong, Prichard, 5 I (BPS). Same location, 4 May
1977, Herlong, Prichard, 101l , 41 (BPS). Aiken Co.,

Tinker Creek, Savannah River Plant, 1 June 1977,
Herlong, Prichard, 1 Il , 61 (BPS).

Epiproct. +1 OT U7 wi UOOQWEEUI wUOOwi 6UOC
Greatest preEx DPEEOQwWPDEUT Owwidd wl A ws OO
EES wkt wy Odw" OpOwUIl EET BDOT whi OO wt

epiproct tip (Figs. 1-2). Dorsum of epiproct bare in
apical third but basal two thirds bearing a sparse
covering of appressed setae and a few long setae
with freely curled tips (Figs. 2 -3, 6); sulapical area of
epiproct bearing lateral rows of long, ventrolaterally
directed setae (Figs. 35). Dorsal aspect of epiproct
becoming slightly wider from basal fusion with cowl

to abrupt subapical narrowing. Strong laterally

directed arms of apical fork preUl OUwWEw? 1 PUT w U1
» wE GRPaRAAcE KPSy, woi Uxi1 E0DYI 0as

Kondratieff & Kirchner
(Figs. 7-12)

Alloperla lenati

Alloperla lenati Kondratieff & Kirchner, 2004:361.
Holotype Il (United States National Museum), Lumber
River, Hwy 401, Hoke/Scotland Co. line, North Carolina

Material examined. NC: Harnett Co., Little River,
Hwy 217, SW of Irwin, 3 May 2005, B.C. Kondratieff,
R.F. Kirchner, R.E. Zuellig, D.R. Lenat, 21, 2 |
(Csu).

Epiproct. + 1 O1 U1 wi UOOWEEUI wOOWExDPEEO
Greatest preEx DPEEOQwWPPEUT OWEES wl Wws 00
EES wKNwy O6 w" OpOwUIl EET POT WEES wE:
tip (Figs. 7-8). Dorsum of epiproct bare near apex but

sparsely setose over most of length (Fgs. 8, 10, 12);

subapical area of epiproct bearing lateral rows of

long, ventrolaterally directed setae (Figs. 8-9, 1611).

Dorsal aspect of epiproct narrowed beyond basal

fusion point with cowl, and more subtly narrowed

near base of ventrolateral setal rov. Apex forked,

arms of fork curved slightly ventrad in lateral and

frontal aspects (Figs. 1011).

Colorado State University, Fort Collins (CSU), the

Monte L. Bean Life Science Museum, Brigham Young
University, Provo (BYU), the K.W. Stewart collection,

University of North T exas, Denton (KWS) and the
B.P. Stark collection, Mississippi College, Clinton
(BPS), as indicated in the text.

The Alloperla leonarda Species Group

Alloperla furcula Surdick
(Figs. 1-6)
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Figs. 1-6. Alloperla furculaepiproct structures, Upper 3-Runs Creek, Aiken Co., SC. 1. Male terminalia, dorsal
aspect. 2. Epiproct and cowl, dorsal aspect. 3. Apical half of epiproct, dorsal aspect. 4. Epiproct apex,
dorsolateral aspect. 5. Epiproct apex, frontal aspect. 6. Detail of basal epiproct surface.
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Figs. 7-12.Alloperla lenatiepiproct structures, Little River, Harnett Co., NC. 7. Male terminalia, dorsal aspect.
8. Epiproct and cowl, dorsal aspect. 9. Apical half of epiproct, dorsal aspect. 10. Epiproct apex, dorsolateral
aspect. 11. Epiproct apex, frontal aspet 12. Detail of basal epiproct surface.
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Alloperla leonarda Ricker
(Figs. 1324)

Alloperla leonardaRicker, 1952:177. Holotype Il
(INinois Natural History Survey), North Branch
Otter River, Houghton Co., Michigan

Alloperla sylviaHarden & Mickel, 1952:60. Holotype
I (University of Minnesota), Big Sand Creek, Pine
Co., Minnesota. Syn. Ricker in lllies, 1966
Alloperla quadrata Harden & Mickel, 1952:61.
Holotype | (University of Minnesota), Kettle River,
Pine Co., Minnesota. Syn. Surdick, 1981

Alloperla lemarda Stark et al., 1983:56. Redescription
Alloperla leonarda Surdick, 2004:17. Redescription
and distribution update

Type A
(13-18)

Material. NS: Hants Co., Nine Mile River, Hwy 14,
23 June 1993, B.C. Kondratieff, R.W. Baumann, 4
(Csu).

Epiproct. Length from base to midline of apex, ca.

ul Nws O3 w&UEKDEEBEOwWPBEUI] Oujﬁ

densely setose over entire surfaceexcept apex and
along lateral margins (Figs. 20-24); subapical area
of epiproct bearing rows of long ventrolaterally
directed setae (Figs. 2123). Width constricted in
dorsal aspect at fusion point with cowl and
slightly narrowed beyond midlength to subap ical
area (Fig. 20). Apex appearing almost truncate, but
rounded, and armed with lateral horns about as
long as subapical width (Figs. 21, 23).

Remarks. These two forms might represent
distinct species, or individual variation for a
species with a large geographic range. Evaluation
of either hypothesis is beyond the scope of this
study, but should be undertaken by someone with
access to the holotype, and to a large series of
specimens from throughout the presumptive
range.

Alloperla natchez Surdick & Star k
(Figs. 2530)

Alloperla natcheSurdmk& Stark, 1980:71. Holotype

"f‘lf?nfé'd Si\étlélsﬁ\lg 9151‘ Museum), Little Sand

ExDEEOQwPPEUT OWEES wt w4y O8 w' @&%%EZETE&E,BDPQ&W |Hﬂd%rﬁe' é?ol.u'OI w

epiproct (Figs. 13-14). Dorsum of epiproct with an

elevated, broadly rounded ridge covered with a

densely setose, broad median band over basal
80%; epiproct bare over apex and along low
marginal bands (Figs. 14-18); subapical area of
epiproct bearing lateral rows of long

ventrolaterally directed setae (Figs. 14-15). Width
slightly constricted in dorsal aspect around

midlengt h. Apex rounded, but with short, lateral

horns curved slightly caudad in lateral aspect (Fig.

16), and projecting straight laterad in frontal

aspect (Fig. 17).

Type B
(19-24)

Material examined. MO: Christian Co., Bull
Creek, Hwy W, S Ozark, 10 May 1972, B.K.
Newman, 1 I (BYU).

Epiproct. Length from base to midline of apex, ca.

Mississippi

Alloperla natchez Brown & Stark,
Description of nymph and egg
Alloperla natchezHardy et al., 1994:368. Distribution
Alloperla natchezSurdick, 2004:18. Redescription

1995:122.

Material examined. MS: Claiborne Co., Ragsdale

Creek, Regan Rd, 17 April 1993, B. Stark, 9, 7|

(BPS). Franklin Co., Mill Branch, Homochitto National

Forest, 14 May 1993, N. Phiefer, 2, 191 (BPS).

Franklin Co., tributary o f Porter Creek, 13 April 1993,

C. Hardy, C. Boll, 911, 61 (BPS). Smith Co., Clear

Creek, 3 mi SW Mize, 24 April 1991, B. Stark, D.

Tanner, 111,51 (BPS).

Epiproct. +1 OT U7l wi UOOWEEUI wUOOwi OUOC
GreatestpreE x DEEOQwWPPEUT OwE E &aul Wws OO w
I Aws O8w" OpOwUI EET POT wEOGOOU U wWUOL
(Figs. 2526). Epiproct dorsum completely bare (Figs.

27, 30), but apical third armed with irregular lateral

rows of large, ventrolaterally directed setae (Figs. 26-

Yt w08 w&UEKDEEOW PBE 0T OWE Widthualagvelyudidm from  base to beyond
ExDEEOQwWPPDEUT OwWEE S why N w4 Odidengthpbotgraduatyenarpvi@d indpicaliirditd wi O w

apex of epiproct (Figs. 19-20). Dorsum of epiproct
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base of fork (Figs. 2627). Arms of fork project
downward in lateral and frontal aspects (Figs. 28-29).
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Figs. 1318. Alloperla leonardaType A, epiproct structures, Nine Mile River, Hants Co., NS. 13. Male
terminalia, dorsal aspect. 14. Epiproct and cowl, dorsal aspect. 15. Apical half of epiproct, dorsal aspect. 16.
Apical half of epiproct, dorsolateral aspect. 17. Epiproct apex, frontal aspect. 18. Detail of basal epiproct

surface.
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Figs. 1924.Alloperla leonardalype B, epiproct structures, Bull Creek, Christian Co., MO. 19. Male terminalia,
dorsal aspect. 20. Epiproct and cowl, dorsal aspect. 21Apical half of epiproct, dorsal aspect. 22. Apical half of
epiproct, dorsolateral aspect. 23. Epiproct apex, frontal aspect. 24. Detail of basal epiproct surface.
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Figs. 2530. Alloperla natchezpiproct structur es, Porter Creek, Franklin Co., MS. 25. Male terminalia, dorsal
aspect. 26. Epiproct and cowl, dorsal aspect. 27. Apical half of epiproct, dorsal aspect. 28. Epiproct and cowl,
dorsolateral aspect. 29. Epiproct apex, frontal aspect. 30. Detail of basal ejproct surface.

llliesia ¢ http://iwww2.pms -lj.si/illiesia/ Volume 5 ¢ Number 11 + Pagel115



Willett , M.R. & B.P. Stark2009. The Alloperla leonardayroup of eastern North America, with SEM images of four out -group species

(Plecoptera: Chloroperlidae).
llliesia, 5(11):1@-127. Available online: http://www2.pms  -lj.si/illiesia/papers/llliesia05 -11.pdf

Figs. 31:36. Alloperla ouachitaepiproct structures, Little Missouri River, Montgomery Co., AR. 31. Male
terminalia, dorsal aspect. 32. Epiproct and cowl, dorsal aspect. 33. Apical half of epiproct, dorsal aspect. 34.
Apical half of epiproct, dorsolateral aspect. 35. Epiproct apex, frontal aspect. 36. Detail of basal epiproct

surface.
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