554

ENTOMOLOGICAL NEWS

ESTABLISHING THE IDENTITY OF EXISTING NAMES
IN THE NORTH AMERICAN ENCHENOPA BINOTATA
SPECIES COMPLEX OF TREEHOPPERS
(HEMIPTERA: MEMBRACIDAE)1
K. G. A. Hamilton2 and R. B. Cocroft3
ABSTRACT: The Enchenopa binotata species complex, which is restricted to eastern North America, is separated from the western and Neotropical species by the proportions of the front and middle
tibiae. Three of its species are identifiable by reference to adult characters, and three existing names
are applied to two of these species. A neotype specimen is designated for Enchenopa binotata (Say,
1824) and also for Enchenopa porrecta Buckton, 1901 to make these objective synonyms and to fix
the former name on a common biological species that is monophagous on bittersweet, Celastrus
(Sapindales: Celastraceae). Enchenopa brevis Walker is associated with a previously unreported
species on leatherwood, Dirca (Myrtiflorae: Thymelaeaceae). Other species of Enchenopa from
North America, recognizable from adult specimens, include one undescribed species from eastern
North America on redbud, Cercis (Rosales: Fabaceae), plus two mainly Neotropical species here
recorded for the first time from the southern states: Enchenopa sericea Walker from Arizona, and an
undescribed species recently found in Texas.
KEY WORDS: Hemiptera, Auchenorrhyncha, Membracidae, Enchenopa, host specialist

New World treehoppers currently assigned to the genus Enchenopa Amyot &
Serville are common with numerous, mainly tropical, species. One species complex in the eastern U.S.A. and adjacent Canada, presently known as E. binotata
(Say), includes some of the most common and easily recognized Membracidae,
as they are black spotted with white (Figs. 1-6). Eggs that are laid in the fall are
covered with prominent shiny white coatings on their egg masses on the twigs of
their host trees and shrubs (Fig. 1).
Formerly considered a single polyphagous species, E. binotata was established as a complex of unnamed biological species in a series of studies initiated
by Thomas K. Wood (1980, 1993). Based on Wood’s research, the E. binotata
complex is a widely cited example of sympatric speciation resulting from shifts
to novel host plants (Coyne and Orr, 2004; Funk, 2008). Populations of E. binotata on different hosts eclose at different times in the spring as a consequence of
differences in plant phenology (Wood and Guttman, 1982, 1983). This change in
life history timing, coupled with high host fidelity and the divergent natural
selection that results from a host shift, can initiate genetic isolation (reviewed in
Wood, 1993). Behavioral isolation may then complete the speciation process:
mating songs differ among the species on different hosts (Cocroft et al., 2008,
2010), and these differences contribute to behavioral reproductive isolation
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Figs. 1-8. Nearctic Membracini. 1. Egg masses and adults of Enchenopa on nannyberry
(Viburnum lentago). 2. Female neotype of E. binotata and of E. porrecta. 3. Another
female of E. binotata, on bittersweet (Celastrus scandens). 4. Female on redbud (Cercis
canadensis). 5. Undescribed Enchenopa from Nova Scotia. 6. Male of E. brevis on
leatherwood (Dirca palustris). 7. E. porrecta (from Buckton 1901). 8. E. sericea (from
Buckton 1901).

(Rodriguez et al., 2004, 2006). In general, each biological species reproduces on
a different genus of deciduous woody host plants (Wood and Guttman, 1985)
representing six different plant families, each in a different order: Carya and
Juglans (Juglandales: Juglandaceae), Celastrus (Sapindales: Celastraceae),
Cercis and Robinia (Rosales: Fabaceae), Liriodendron (Ranales: Magnoliaceae),
Ptelea (Geraniales: Rutaceae) and Viburnum (Rubiales: Caprifoliaceae). One
possible exception to this pattern occurs on Juglans, where there appears to be
one species on J. nigra L. and another on J. cinerea L. (Pratt and Wood, 1992;
Lin and Wood, 2002).
Subsequent work has revealed differences among these biological species in
nymphal coloration (Pratt and Wood, 1992), mitochondrial haplotypes (Lin and
Wood, 2002), and mating songs (Cocroft et al., 2010). There is mounting evidence for yet more biological species within this complex, in addition to the nine
species documented by Wood (1993). Lengthy series of both adults and nymphs
have been collected on Dirca (Myrtiflorae: Thymelaeaceae) in Ontario and
Indiana, and on Sideroxylon (Ebenales: Sapotaceae) in Alabama, Missouri and
Texas, together with recordings of distinctive mating signals. There are also
recorded hosts, as opposed to individual records, on Ceanothus (Lawson 1922),
of which a series of adults have been examined, and possibly on Cornus (an
unspecified number of individuals: Severin, 1927). A short series from Betula at
Youngs Cove, New Brunswick and several collecting records from Tilia in
Ontario (field notes of the senior author) need verification. If all these records are
correct, the hosts of Enchenopa would also include the orders Fagales (Betu-
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laceae), Malvales (Tiliaceae), Rhamnales (Rhamnaceae), Umbelliflorae (Cornaceae) and Urticales (Moraceae). This would represent a total of fifteen monophagous treehopper species in one species complex specializing on plants
belonging to thirteen different botanical orders, representing a remarkable counterexample to the usual host transfers that are among closely related botanical
taxa (e.g., Hamilton, 1983).
Although these species have been recognized and analyzed for more than 25
years, they remain without usable names. Three published names are currently
available for species within this complex. The original descriptions of these
species lack host plant data and one has low quality illustrations (Fig. 7). These
taxa were not considered to have criteria useful for distinguishing the species
based on variability of adult morphology with pronota and male genitalia showing rather indefinite differences among species (Pratt and Wood, 1993). It is the
purpose of this study to assess the variability of adult characters and fix the identities of the existing names, thus providing the baseline revisionary work for subsequent descriptions of the remaining biological species based on nymphal type
specimens.
The limits of the complex are unclear. While most species appear to be limited to eastern North America, E. binotata has been reported from Central America
(Fowler, 1894). There are also some species in the American southwest, reported here for the first time. It is also uncertain whether the species of Enchenopa
are correctly assigned to that genus. Its type species Membracis monoceros Germar has never been illustrated from type material, and opinions on the wing
venation of this species are conflicting (Buckton, 1901, plate IV fig. 9b; Deitz,
1975, fig. 12H). A photograph of the alleged type does not match either illustration. Furthermore, the classical division of Membracini into genera with a
pronotal “horn” (Campylenchia Stål, Enchenopa, Enchophyllum Amyot and
Serville, and Tropidocera Stål) and those without one (Folicarina Sakakibara,
Membracis Fabricius, Phyllotropis Stål) is brought into question by the discovery of a hornless female Enchenopa from Nova Scotia (Fig. 5), which is possibly an abnormality, since the pronotum shows a slight bilateral asymmetry. Also,
two species of Enchenopa from the Neotropics are sexually dimorphic in this
character (Rothea and Creao-Duarte, 2007), and the same is true of Lewdeitzia
lunata Dietrich & McKamey (1995) and the Nearctic Enchenopa permutata Van
Duzee that is possibly referable to that genus. Molecular phylogenetic work (Lin
et al., 2004) suggests that at least three lineages of “horned” Enchenopa are basal
to “hornless” Membracis, so it is very likely that not all of the currently recognized genera are monophyletic.
METHODS
Series of specimens from eastern North America, collected as adults or raised
from nymphs collected on identified hosts (see Acknowledgments), were compared to series of field-collected specimens from Canada, the western U.S.A. and
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Mexico in the Canadian National Collection of Insects (CNCI), Ottawa, Ontario.
Additional specimens were examined from Cornell University (CU), University
of Missouri (MU), University of Delaware (UDE) and University of Wisconsin
(UWI). Specimens examined included 7 adults from Betula populifolia (CNCI),
8 from Carya (CNCI, UDE), 8 from Ceanothus (UWI), 7 from Celastrus (MU,
UWI), 11 from Cercis (MU), 6 from Juglans cinerea (UDE, UWI), 6 from Juglans nigra (MU), 6 from Liriodendron (UDE), 17 from Ptelea (MU), 20 from
Robinia (MU), 5 from Sideroxylon (MU) and 33 from Viburnum (CNCI, MU).
These were compared to15 species of Neotropical Enchenopa (CNCI), including
an unidentified species from Mexico with a single female from Texas (CNCI)
and 3 females of E. sericea Walker (Fig. 8) from Arizona (CNCI).
The variation in shape of the adult horn was analyzed using a 1 mm grid to
record shape and size of the pronotum with precision (Figs. 9-14 A-B). Differences in width of the foliaceous front and middle legs were also noted in Nearctic
material (Figs. 12-13 C).
Five of these biological species were represented by series of 5-14 nymphs,
but nymphal variation in other species cannot be assessed as voucher specimens
from previous studies of the Enchenopa binotata species complex were not
found. Extreme color variation has been noted in the species on Juglans nigra
in Wisconsin http://bugguide.net/node/view/59701/bgimage where the usual
black-and-white nymphs include an all-black individual; a green form has been
reported in Michigan (Kiss, 1983). For the present, new species are not described
pending additional series from identified hosts and clarification of generic concepts in the Membracini.
Type Specimens
Walker’s type of Enchenopa brevis in the Museum of Natural History in
London, U.K. has the pronotal horn broken off (Broomfield, 1971). Therefore,
the size of this specimen and shape of its pronotal process must be inferred from
the original description.
Buckton’s description of E. porrecta is wholly inadequate, and his remaining
collection contains 82 types of Membracidae described in 1901-1905 but no
specimen of this species (Broomfield, 1971). Therefore the identity of this
species must be inferred from the original description.
Say’s types, deposited in the Academy of Natural Sciences in Philadelphia,
have long been known to be almost entirely destroyed (LeConte, 1859; Horn and
Kahle, 1936). Since E. binotata is the oldest name in the complex, a neotype is
needed to clarify the taxonomy of the complex. Such a specimen must have been
collected from a locality as close as practical to that of the original specimen.
Since Say’s type was merely listed as “United States” and came from Major
Long’s 1823 expedition across the northeastern states, a search for a suitable neotype focuses on adults of Enchenopa collected from the northeastern U.S.A.
Choosing a neotype for Say’s Membracis binotata requires some background
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information on the second survey by Major Stephen H. Long in 1823 to the eastern edge of the prairies. Only the land survey part of the route of the two Long
explorations was recorded; insects were probably taken at any time during the
journey. The expeditions probably began in the Hudson Valley of New York
because “Major Stephen H. Long was a Topographical Engineer and former West
Point instructor” and “the United States Military Academy [at West Point in the
Hudson Valley] educated nearly all civil engineers.” The first trip in 1820 officially began at “Lake St. Clair [south of Lake Huron] to Michilimacinac and
Sault Ste. Marie . . . [then] followed the south shore of Lake Superior”
<http://www.nps.gov/history/history/online_books/shubert/chap1.htm>.
A second expedition in 1823 probably retraced the same route to begin officially at “Lake Traverse [on the St. Peter’s, now the Minnesota River] up the Red
River to Lake Winnipeg and down the Winnipeg River to Lake of the Woods.

Figs. 9-11. Taxonomically significant details of Enchenopa from North America with
short pronotal horns in males, showing maximum and minimum sizes of pronota for
males (A) and females (B). 9. E. brevis. 10. Enchenopa sp. on Viburnum. 11. E. binotata.
Background grid = 1.0 mm, centered around eye.
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Figs. 12-14. Taxonomically significant details of Enchenopa from North America with
long pronotal horns in males, showing maximum and minimum sizes of pronota for males
(A) and females (B), with details (C) showing left fore tibia in widest aspect.
12. Enchenopa sp. on Cercis. 13. Undescribed Enchenopa from Texas and Mexico.
14. E. sericea. Background grid = 1.0 mm, centered around eye.

From there, the expedition followed Rainy River to Rainy Lake, and Lac La
Croix over to Lake Superior, Sault Saint Marie and Mackinac” <http://www.
perseus.tufts.edu/cgi-bin/ptext?doc=Perseus%3Atext%3A2000.03.0069>.
Both expeditions probably used the Erie Canal, which was nearing completion
in 1821 and by that time linked Ithaca eastward to the Hudson Valley at Albany,
N.Y., and westward to Lake Erie, which in turn provided easy access to Lake
St. Clair <http://www.eriecanal.org/maps.html>. Therefore, Say’s type could
have been collected anywhere along this route from Albany to the Red River.
OBSERVATIONS
The size and placement of the pronotal spots, the degree to which the pronotal horn is foliaceous, and the number of carinae on the side of the pronotal horn
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are all variable within a particular species, but groups of species can be identified within broadly defined limits using these characters. There is comparatively
little variation in the shape of the pronotal horn within each sex of any given biological species, although its length and width vary considerably. Males have a
much shorter pronotal horn than females (Figs. 11-14). Most species in the
E. binotata complex have male pronotal horns slightly narrower than those of
“true” Enchenopa binotata (Figs. 9-10A) but males of the species on Cercis have
a distinctly longer, more curved process (Fig. 12A). Females are usually similar
(Fig. 4) but the pronotal horn is characteristically curved at the tip in “true” Enchenopa binotata females (Figs. 2, 3, 11B). A third species, here identified with
E. brevis Walker, is easily recognized in both sexes by its very short pronotal
horns (Figs. 9A-B) and small size. Other species in this complex reportedly may
be differentiated by the color pattern of their nymphs (Pratt and Wood, 1992), but
this cannot be verified due to lack of voucher specimens and insufficient additional material. Formally naming these undescribed species must await collections of additional specimens to assess their variation.
The narrower front and middle tibiae of Enchenopa from eastern North
America (at least 2.2 times as long as wide, Fig. 12C vs. twice as long as wide,
Fig. 13C or wider, in tropical species) defines the E. binotata complex and differentiates it from congeners in the Neotropics and from southwestern United
States. Central American specimens previously assigned to E. binotata (Fowler,
1894) are incorrectly identified. They agree with the original description of
E. bifusifera (Walker) which Fowler incorrectly synonymized with E. binotata.
Two additional species of Enchenopa, belonging to the Neotropical fauna, were
recently found in the southwestern states. Their distinctive adults (Figs. 13-14)
are illustrated in case their range is wider than presently known.
SYSTEMATIC ENTOMOLOGY
Enchenopa binotata (Say), neotype designation
(Figures 2, 3, 11A-B)
Membracis binotata Say, 1824: 301; to Enchenopa (Fitch 1856).
Original Description. (italicized text indicates characters peculiar to only
some Enchenopa; brackets designate implied data) “Thorax with a compressed
horn extending above the head, and two spots on the back. /Inhabits [the northeastern] United States. /Body fuscous, punctured; head longer than broad, rounded at tip, minutely punctured; thorax with a projecting horn before, which rises
high above the line of the back, compressed, carinated above, each side, and
beneath, and incurved towards the tip; between the lateral and inferior carinae are
three elevated lines converging towards the eye; superior carina of the horn continued upon the back to the tip; lateral carina of the horn continued upon the side
to the middle of the thoracic edge; carina of the back slightly undulated, with two
yellowish spots, of which one is on the middle and the other near the tip smaller
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and placed nearer to the anterior one than its own length; tip [of pronotum]
acute; anterior and intermediate tibiae dilated, foliaceous; posterior tibia with
two serrated lines behind; hemelytra opaque, much longer than the abdomen;
[hind] wings hardly longer than the abdomen. /Length including the horn seventwentieths [of an inch =8.4-9.5 mm]; exclusive of the horn more than one-fifth of
an inch [=5.2-5.6 mm]. /The eyes are very nearly equidistant between the tip of
the horn and [that] of the hemelytra.”
To this description may be added the following details, based on specimens
associated with this species: Pronotum glabrous; tegmina with faint but regular
venation and two anteapical cells, innermost rectangular to square, central
anteapical cell confluent with outer discal cell forming a single sinuate cell
extending half entire wing length (Fig. 3); male genitalia as in Membracis (Deitz
1975, fig. 16H), with aedeagus unarmed, tubular, strongly C-shaped in lateral
aspect, and style straight until just before tip, then strongly curved dorsad, tip
capitate and pointed on dorsal extremity; ovipositor as in Enchophyllum (Deitz
1975, fig. 17P), 4 times as long as wide, weakly curved dorsad, tip pointed, dorsal edge armed with two rounded teeth at a third length from tip.
Remarks. This species is the one that feeds on Celastrus (bittersweet, not to
be confused with Solanum dulcamara L., also called “bittersweet”). In the northeastern U.S.A. it is one of the most common species of Enchenopa on low vegetation. It was the first one with reported egg masses (Riley, 1880). The original
type may be distinguished from other species in the following ways:
(1) From the original detailed description it is evident that Say’s specimen
was a female, based on the length of the abdomen relative to the hind wings.
Even for a female, it was larger than most individuals of North American
Enchenopa which exceed 8.2 mm only in the species feeding on Liriodendron
(females 8.6-9.7 mm, n=5), Carya (females 8.0-8.8 mm, n=6) and Celastrus
(females 7.3-8.5, n=23), but the body length exclusive of horn is 5.5 mm in the
females whereas in those of the Liriodendron and Carya feeders it is 6.0 mm in
the specimens examined.
(2) The pronotal horn is only tricarinate in the largest individuals of each
species. In such large females it is indeed a very significant part of the body
length, particularly so in Celastrus-feeding females, although it could not possibly account for fully half the length of the insect (this is an optical illusion when
the specimen is not actually measured).
(3) The described color pattern falls within the variability of females on
Celastrus, whereas those on Carya have the anterior pale mark very elongate
rather than a “spot,” and those on Liriodendron have a much smaller second pale
spot.
(4) The long horn rising “high above the back” that is “incurved towards the
tip” (Figs. 11 A-B) is unique for this one species in the E. binotata complex and
is strikingly different from the low pronotal horn of the species on Liriodendron.
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Type. Neotype, here designated: female, U.S.A., N.Y.: Tompkins Co. [vicinity of Ithaca], 7/11/67 [=11 July 1967], Celastrus scandens. Overall length: 8.5
mm, exclusive of horn: 5.5 mm (Fig. 2). Neotype deposited in University of
Wisconsin, Madison, along with a male having the same data including host
plant. The neotype selected is the only adult specimen known to us that matches
the original description and comes from the area covered by Long’s 1823 expedition (Tompkins County includes Cayuga Lake, which is connected to the Erie
Canal). The neotype is particularly unusual to have so many clearly defined lateral carinae continuing almost to the tip of the pronotum, as in Say’s description.
It also has reliable host data (because more than one specimen was taken on that
plant) to ensure that similar species with different biology can be excluded.
Enchenopa porrecta Buckton, neotype designation
(Figure 7)
Enchenopa porrecta Buckton, 1901: 51 = E. binotata (Branch 1914).
Original Description. “Small, robust; procephalic horn stout, obtuse, blunt,
curved forwards; the first and second tibiae dilated, the hinder legs serrated; tarsi
fulvous; pronotum in general colour red-ochreous, with a pale ochreous patch on
the dorsum, interrupted in the middle by a dark spot; tegmina dense reddishbrown, the hind border dark brown; procephalon densely punctured, as also is the
frons; the abdomen of the female furnished with two valves including the saws.
Extreme length and breadth 8 x 4 mm. Habitat. —New York.”
Remarks. Enchenopa porrecta Buckton has been consistently treated as a
synonym of E. binotata by other authors, and we see no reason to change its status. The species identity rests on the crude illustration provided by the original
author (Fig. 8) which shows an Enchenopa with the pronotal horn curved so far
forwards that the tip is actually decurved, and with pronotal spots of similar
length and separated by less than half their length. Both characters fall only within the variability of the Celastrus-feeding females. Also, the dimensions stated as
8 x 4 mm [7 x 5 mm according to Plate 6] are well within the size range of
females of the Celastrus-feeding species (7-8.5 mm).
Type. We therefore designate the neotype of E. binotata (from New York
state) as also the neotype of E. porrecta Buckton, making these names objective
synonyms.
Enchenopa brevis Walker
(Figures 6, 9A-B)
Enchenopa brevis Walker, 1851: 493; to E. binotata: Branch (1914), error.
Original Description. “Dark brown: head as broad as the chest [=thorax];
crown short; face long, conical: fore-chest [=pronotum] thickly punctured, in
front conical compressed and not much produced: its length before the shoulders
not exceeding its breadth between them; upper ridge slightly undulating, extend-
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ing to the tip of the abdomen, adorned with two pale yellow spots, one a little
beyond the base of the fore-wings, the other at the tip; two ridges on each side,
diverging hindward, the lower one short, the upper slightly undulating and
extending to the border at two-thirds of the length of the fore-chest: tarsi tawny:
fore-wings dark brown, slightly punctured at the base of the fore border, with two
discoidal areolets: hind-wings pale gray; veins black. Length of the body 1¾ line
[=3.85+0.28 mm]; of the wings 3 lines [=6.6 mm, probably an underestimate if
based on wingspread]. /a [=one specimen]. United States.”
Remarks. This is a member of the E. binotata species complex, in which
there are only three known species with a male pronotal process as short as this:
those feeding on Cercis, Dirca and Sideroxylon. The smallest of these is the one
feeding and ovipositing on Dirca, a genus with only a single representative
(D. palustris L.) of its family on this continent. This treehopper has the shortest
pronotal horn and a male body of length 3.6-4.2 mm (n=20 based on specimens
in CNCI) as described for E. brevis, contrasted to at least 4.5 mm in species on
Cercis (n=7) and on Sideroxylon (n=3). Females of E. brevis are about 2.2 mm
larger than males, 5.7-6.5 mm (n=14). This sexual dimorphism is greater than
that found in the other small species in the complex taken on identified hosts,
males 4.5-6.5 mm (n=46) and females 6.3-8.2 (n=37). There is no appreciable
size difference among these other species. For larger species, see Remarks under
E. binotata.
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