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DISTRIBUTION OF THE 2004 EMERGENCE OF SEVENTEEN-YEAR PERIODICAL CICADAS (HEMIPTERA:
CICADIDAE: MAGICICADA SPP., BROOD X)
IN PENNSYLVANIA, U.S.A.1
M. J. Edwards,2 A. E. Faivre,3 R. C. Crist III,2 M. I. Sitvarin,2 and J. Zyla4
ABSTRACT: The distribution of brood X seventeen-year periodical cicadas (Hemiptera: Cicadidae:
Magicicada spp.) in Pennsylvania was surveyed during the early summer of 2004. Field observations, surveys by telephone and e-mail and responses to cicada websites generated a total of 575 georeferenced data coordinates that represent 284 positive periodical cicada sightings and 291 reports
confirming the absence of periodical cicadas. Data coordinates were mapped using Geographical
Information Systems software. Observers in some localities near the margins of the historical range
of brood X reported very low densities of periodical cicadas. These cicadas could be brood XIV
cicadas that experienced four year accelerations of their life cycle. The distribution map of Pennsylvania’s 2004 brood X cicadas provides a baseline dataset for a comparative study when they emerge
in 2021.
KEY WORDS: Cicadidae, Magicicada, periodical cicada, geographic distribution, Pennsylvania,
U.S.A.

Mapping the geographical distribution of periodical cicadas (Hemiptera:
Cicadidae: Magicicada spp.) is a component of many investigations into the evolution of this fascinating group of insects (Lloyd and Dybas, 1966; Williams and
Simon, 1995; Marshall and Cooley, 2000; Simon et al., 2000). Seventeen-year
periodical cicada nymphs emerge in twelve distinct year-classes, or “broods” in
the eastern United States. Each brood is a single-aged cohort of cicadas that
emerge in the same year and is temporally isolated from other broods (Williams
and Simon, 1995). When geographic ranges of broods overlap, the emergencies
is typically separated by four years (Williams and Simon, 1995). Three morphologically and behaviorally distinct Magicicada species (M. septendecim,
M. septendecula, and M. cassini) can potentially coexist within a single brood.
When Magicicada species coexist, they emerge simultaneously. Broods are designated with Roman numerals in a sequence that starts arbitrarily with the emergence of brood I in 1893 (Marlatt, 1898, as cited in Williams and Simon, 1995).
Accordingly, broods X adults emerged in 1902 and have been succeeded by five
generations. Nymphs hatching from eggs laid in 2004 will remain underground,
feeding on xylem fluids until they emerge in 2021.
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A striking feature of periodical cicadas is the prodigious numbers often associated with their synchronous emergence; densities of over 3.5 million per
hectare have been reported (Dybas and Davis, 1962). However, local periodical
cicada densities are highly variable and distributions are scattered. Within each
brood, most cicadas emerge from the soil and molt from their fifth larval instar
to the adult stage within a few days of each other. Adult females mate, develop
eggs and oviposit during the next 4-6 weeks. The importance of post-reproductive periodical cicadas to the forest ecosystem continues as large populations die
and decompose. The resulting pulse of soil nutrients increases microbial biomass
and plant productivity (Yang, 2004).
Maps of the approximate historical distribution of brood X periodical cicadas
have been published by Lloyd et al. (1983) and Simon (1988). These maps have
less than 40 coordinates plotted for Pennsylvania and are partially based on historical records that are difficult to verify. A subset of historical records of periodical cicada emergencies in Pennsylvania and elsewhere has been compiled by
Chris Simon and John Cooley (University of Connecticut). These records are
posted in a searchable format in the “Periodical Cicada Database” (http://
collections2.eeb.uconn.edu/collections/cicadacentral/Databases/magidb.html),
and are cited with permission (Chris Simon, personal communication). This
resource is primarily focused on modern records gathered by Simon and colleagues. It is not intended to serve as a comprehensive database of all periodical
cicada records. However, this database serves as a convenient and accessible reference for county-level cicada records in Pennsylvania, which are not available
in the published literature.
While most cicadas within a brood emerge in their “designated” year, a small
number of cicadas may emerge sporadically in off-years, typically 1 year after,
or 4 years before the majority of the brood (White and Lloyd, 1979; Williams and
Simon, 1995; Marshall, 2001). Premature and late emergencies can be due to
mutations or gene combinations that affect life cycle (Martin and Simon, 1990a;
Marshall and Cooley, 2000; Simon et al., 2000; Cooley et al., 2001 and 2003).
Alternatively, local environmental conditions can also affect the emergence time
of periodical cicadas (Martin and Simon, 1990a; Marshall, 2001). These cicadas
are called “stragglers” whether they emerge prematurely or late (Marshall,
2001). Even a small number of male stragglers can be readily detected by their
loud calling behavior (Marshall et al., 1996). Stragglers are generally not able to
establish new self-replicating populations, because they emerge in such low
numbers that they are quickly consumed by predators (Karban, 1982; Marshall,
2001). Historical records of stragglers that are attributed to the year-class in
which they emerge have caused a considerable amount of confusion (Kritsky,
1988; Marshall, 2001). In the narrow context of assigning cicadas to a particular
brood, low-density sightings should be interpreted carefully, as these cicadas
may be stragglers from a different brood. In the larger context of evolution and
biogeography, accelerated or delayed emergencies on a massive scale are central
to theories of new brood formation and speciation (Lloyd and Dybas, 1966;
Lloyd and White, 1976; Simon et al., 2000; Marshall and Cooley, 2000).

The 2004 emergence of brood X cicadas provided us with an opportunity to
use Geographic Information Systems (GIS) to map the 2004 geographic distribution of these insects within Pennsylvania. The 575 georeferenced positive
cicada sightings or reports of the absence of cicadas were obtained in several different ways. Field-collected data coordinates allowed assessment of species
composition and relative abundance. Contacting park managers and township
officers by e-mail or telephone facilitated a survey of a much wider area, although these data only refer to the absence or presence of periodical cicadas.
Several data coordinates were submitted to cicada-tracking websites, such as the
Mid-Atlantic Cicada Database Project, at http://www.cicadas.info/, hosted by
John Zyla, and http://www.acnatsci.org/hosted/aes/cicada.html, hosted by the
American Entomological Society and were included in our dataset with permission (Jason Weintraub, personal communication). These data provide a baseline
distribution for comparison with the emergence of brood X in 2021 and beyond.
METHODS
Twenty-two Pennsylvania state parks in which the emergence of periodical
cicadas had been confirmed by park officers were visited in late May and early
June 2004. Thirty Global Positioning System (GPS) coordinates were recorded
with a Garmin GPS76 handheld unit in the parks. Visiting each site allowed us
to document the presence or absence of each of the three species of periodical
cicadas. The relative abundance was estimated by observing cicadas or their
nymphal castes on trees in the area and also listening for the presence of cicada
choruses. Georeferenced specimens were collected and stored in 100% ethanol.
Distribution records were gathered by contacting 766 township officials by email or telephone, from which 385 responses were obtained. An additional 46
state park officers were surveyed by telephone or e-mail. Only people within and
closely surrounding the historical range of brood X (Lloyd et al., 1983) were contacted. Participants in our survey were specifically asked if they were familiar
with the calls of Magicicada spp. and confident in their confirmation of the presence or absence of periodical cicada calls in their locality. Participants were not
asked to differentiate among cicada species or to estimate relative abundance or
density. An additional 109 coordinates were obtained from a website hosted by
John Zyla (http://www.cicadas.info/). Five coordinates were taken from a website hosted by the American Entomological Society (http://www.acnatsci.org/
hosted/aes/cicada.html). ArcView 3.3 (Environmental Systems Research Institute, Redlands, CA) was used to combine the data coordinates with a map of
Pennsylvania county boundaries (Environmental Resources Research Institute,
1996) downloaded from the Pennsylvania Spatial Data Access (PASDA) website
(http://www.pasda.psu.edu). The map coordinate system is the North American
Datum (NAD) 1927 and the map projection is Albers Conical Equal Area (Fig.
1). The same georeferenced points were then mapped to the Pennsylvania physiographic provinces map (Pennsylvania Bureau of Topographic and Geological
survey, 1995) downloaded from the PASDA website. The map coordinate system
is North American Datum (NAD) 1927 and the map projection is Lambert Con-
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formal Conic. A subset of 264 coordinates from surveys and park visits was
mapped to a Pennsylvania elevation map (Fig. 3 Supplemental http://www.muhlenberg.edu/depts/biology/faculty/edwards.html).

Table 1. Selected counties near the edge of the range of Pennsylvania brood X
for which historical records have been collected (Periodical Cicada Database).
These counties are named on the state map in Fig. 1.

Figure 1. Distribution of brood X periodical cicadas in Pennsylvania as represented by
individual coordinates. Closed symbols represent positive records of cicadas being observed. Open symbols represent records of no cicadas being observed. Squares represent
our data coordinates that were collected in the field and for which data on species composition and habitat are available at http://www.muhlenberg.edu/depts/biology/faculty/
edwards.html. Circles represent records from e-mail and telephone surveys of state park,
township and other local officials. Triangles represent data coordinates that were submitted to a website hosted by John Zyla (http://www.cicadas.info/). Pentagons represent data
coordinates that were posted on a website hosted by Jason Weintraub for the American
Entomological Society (http://www.acnatsci.org/hosted/aes/cicada.html).

RESULTS
Data were plotted onto three different maps of Pennsylvania in order to assess
factors that contributed to the 2004 brood X distribution pattern. All data coordinates are represented on a county map of Pennsylvania (Fig. 1). The coordinates of figure 1 are coded to represent the presence or absence of cicadas and
also the source of the data. The data set of coordinates has been posted at
http://www.muhlenberg.edu/depts/biology/faculty/edwards.html. A comparison
between our data (Fig. 1) and historical record (Periodical Cicada Database) indicates that brood X periodical cicadas have been reported in several counties
within the historical range of brood XIV cicadas (Table 1).
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COUNTY

2004
Records

Historical
Brood X

Historical
Brood XIV

Blair

8

4

21

Carbon

0

8

2

Centre

0

2

19

Clearfield

0

1

27

Clinton

0

2

30

Huntingdon

18

14

29

Lehigh

5

10

4

Luzerne

2

3

15

Lycoming

2

4

50

Montour

0

2

13

Northumberland

0

2

41

Snyder

0

5

28

TOTAL

35

57
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In considering the range distribution of cicadas relative to physiography (Fig.
2) and elevation (Fig. 3 Supplemental), the northwestern edge of brood X’s distribution appears to be influenced by the Allegheny Mountain Section. West of
the Allegheny Mountain Section, historical records indicate the presence of
brood VIII (Periodical Cicada Database). There are no records for brood VIII in
the easternmost counties of the Allegheny Mountain Section. Both brood X (Fig.
2) and brood XIV (Periodical Cicada Database) are found within the Appalachian
Mountain Section and portions of the Allegheny Front, but records diminish
within the easternmost counties of the Allegheny Mountain Section and are absent in the western areas of this section.
In the northeastern distribution of brood X (Fig. 2 and Fig. 3 Supplemental)
positive records decrease within the Great Valley Section, well in advance of the
Appalachian Mountain Section to the north and in advance of any major increase
in elevation. The northernmost reported points for brood X were in areas of low
elevation within the Susquehanna River Valley (Fig. 1, Lycoming and Luzerne
counties; Fig. 3 Supplemental).
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Figure 2. Distribution of brood X periodical cicadas projected on a map of the physiographic provinces of Pennsylvania. Closed symbols represent positive records of cicadas
being observed. Open symbols represent records of no cicadas being observed. Physiographic provinces highlighted in the text are numbered as follows: 1. Allegheny Mountain
Section. 2. Allegheny Front Section. 3. Appalachian Mountain Section. 4. Great Valley
Section. 5. Blue Mountain Section.

DISCUSSION
Maps of the national distribution of brood X have been redrawn from historical
records and published by Lloyd et al. (1983) and Simon (1988). With the exception of a study on extermination methods by Asquith (1954), there have been no
published investigations of periodical cicadas specifically in Pennsylvania. Pennsylvania was chosen as our study area to complement periodical cicada surveys
that have been conducted in New Jersey (Schmitt, 1974), Ohio (Kritsky, 1988), and
Iowa (Irwin and Coelho, 2000), and to serve as a baseline data set for future investigations of brood X cicadas in Pennsylvania. In the present study we mapped the
distribution of periodical cicadas that emerged in Pennsylvania in 2004 to an
unprecedented level of detail for the state (Figs. 1 and 2). These maps show the
locally heterogeneous distribution of cicadas, which has not been depicted by
national maps (Lloyd et al., 1983; Simon, 1988).
A question that predictably emerges with each periodical cicada brood, including brood X, is whether or not the range of the brood is changing. Declines in periodical cicada populations as a result of human disturbance have been of concern
for more than a century (Butler, 1886, as cited in Dybas and Lloyd, 1974). Previous
investigations of 17-year cicadas have indicated population contractions and local
extinctions (reviewed by Williams and Simon, 1995). A 2001 population census
indicated a contraction of the range of brood VII seventeen-year cicadas in upstate
New York when compared to historical data (Cooley et al., 2004). Brood XI seventeen-year cicadas, which previously emerged in Connecticut and Massachusetts,
have not been seen since 1954 (Manter, 1974, as cited in Cooley et al., 2004). Declines of brood X in New Jersey and Ohio, respectively, were documented by
Schmitt (1974) and Kritsky (1988). Forest pest management entomologists with
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the Pennsylvania Department of Conservation and Natural Resources conducted a
statewide survey of 2004 periodical cicadas in Pennsylvania and reported adult
cicadas in only 27 counties out of the 40 counties in which brood X cicadas have
been historically documented (Spichiger, 2004). Due to differences in sampling
methodologies and standards between our survey and previous distribution studies,
it is not possible for us to assess whether there has been a major change in the 2004
distribution of Pennsylvania’s brood X cicadas. However, our map provides a reference point for future studies on periodical cicada distribution.
The distribution of 2004 brood X cicadas relative to physiography and elevation
(Fig. 2 and Fig. 3 Supplemental) appears to be influenced by the Allegheny Mountain Section. This physiographic region also appears to influence the distributions
of broods VIII and XIV periodical cicadas (Periodical Cicada Database). None of
these three broods have been found in the mid-section of the Allegheny Mountain
Section. Brood X and XIV records diminish in the easternmost counties of the
Allegheny Mountain Section. An eastern border of the brood VIII distribution
appears to be in counties at the western edge of the Allegheny Mountain Section
(Periodical Cicada Database).
The northernmost coordinates of Pennsylvania’s 2004 brood X distribution (in
Lycoming and Luzerne counties) were reported within or a few miles from the
Susquehanna River Valley (Fig. 1 and Fig. 3 Supplemental). Previous studies have
hypothesized that during historically cool periods, cicadas may be excluded from
highlands and concentrated into low elevation areas with milder climate (Cooley et
al., 2004). This phenomenon may have excluded cicadas from the Allegheny
Mountain Section, and also kept them from migrating far from the Susquehanna
River. In contrast, physiography does not appear to directly influence the northeastern border of brood X, which diminishes within the Great Valley Section, south
of the Blue Mountain Section. In the absence of an increase in elevation, an obvious change in vegetation such as coniferous forest (White et al., 1982), or competition from an adjacent brood (Periodical Cicada Database), this border of brood X
remains difficult to explain.
At least some positive records of 2004 cicadas in Blair, Luzerne and Lycoming
Counties may be stragglers of brood XIV, emerging 4 years earlier than the vast
majority of the brood. These include Pennsylvania’s northernmost cicada records,
taken in Luzerne and Lycoming Counties, within or near the Susquehanna River
Valley. In each of these counties, the majority of historical records are for brood
XIV cicadas (Periodical Cicada Database; Table 1). Likewise, some counties in
which brood X cicadas have historically been observed, but were not observed in
2004 (e.g. Centre, Clearfield, and Northumberland Counties), are within the historical range of brood XIV (Periodical Cicada Database). Although the Periodical
Cicada Database is not intended to be a comprehensive record of all historical cicada sightings, searchable access to this limited data set is nevertheless a valuable
starting point for analysis. Further analysis of the relationship of brood XIV stragglers to brood X will benefit from a thorough survey of the distribution and local
population density patterns of Pennsylvania’s brood XIV cicadas when they
emerge in 2008. The proximity of Pennsylvania’s distribution of brood X to brood
XIV is probably not coincidental, as brood X has been hypothesized to have
diverged from brood XIV through a massive four-year acceleration event (Lloyd
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and Dybas, 1966). In this context, the 2004 absence of cicadas recorded in some
Pennsylvania counties may not reflect a shift in the range of brood X, but rather
fluctuations in the number of brood XIV cicadas with accelerated nymphal development.
A small number of periodical cicadas were heard at Maurice K. Goddard State
Park in Mercer County (Donald Campbell, personal communication). Brood X
cicadas have previously been reported in this far western county (Lloyd et al.,
1983; Periodical Cicada Database). This small and isolated population deserves
further study because periodical cicadas generally require high population densities
to avoid predation and to reproduce (Lloyd and Dybas, 1966; Karban, 1982; Marshall, 2001). The Mercer County population may be an isolated remnant of a larger range of brood X that is headed towards a local extinction. Alternatively, these
cicadas could be two-year stragglers of brood VIII, which emerged in 2002. Brood
VIII is the only other brood with a historical distribution in this part of the state
(Simon, 1988). Currently, there is no method that can be used to distinguish brood
X from brood VIII cicadas of the same species. However, periodical cicada species
in some other broods can be distinguished by among-brood differences in wing
vein morphology, allozyme loci and mitochondrial DNA haplotypes (Simon, 1983;
Martin and Simon, 1990b; Archie et al., 1985). The application of methods using
new molecular markers could help elucidate the evolutionary history of “brood X”
cicadas in Mercer County if they emerge in 2021.
Future survey methodologies should try to document the density of periodical
cicada emergencies. Very low density periodical cicada populations are not generally sustainable, due to predation pressures (Lloyd and Dybas, 1966; Karban, 1982;
Marshall, 2001). Thus, georeferenced data on the density of cicada emergencies in
Pennsylvania may provide information about the possibility of a straggler origin of
some of the records. Since brood X emerged in 1987, the worldwide web has
allowed for a much greater degree of public participation in data collection on periodical cicadas. The accessibility and development of GPS and GIS technologies
has facilitated mapping efforts, such as the fine-scale analysis of the 1997 brood III
cicada emergence in Iowa (Irwin and Coehlo, 2000). It is our hope that our data for
Pennsylvania’s 2004 brood X cicadas will be useful for a comparative study when
they emerge in 2021. Future surveys may reveal shifts in the distribution of
Pennsylvania’s brood X periodical cicadas that could be associated with long-term
trends in land usage and climate change.
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Chorthippus Fieber, 1852 is one of the largest genera in the subfamily Gomphocerinae with more than 200 species and subspecies (Otte, Eades and Naskrecki, 2002). Twenty-two species and subspecies were so far reported from Turkey (Demirsoy, 1977; Ünal, 2003). In this paper the three species of Turkish gomphocerines with characteristic shape of shortened tegmina in both sexes are compared. Although the particulars of the forewings are shared with many other
Eurasian Chorthippus, their putative closest relatives are found in Lebanon, Israel,
Greece, Georgia, Armenia, Nakhichevan, and Iran.
Chorthippus demokidovi (Ramme, 1930) was described from western Armenia
as Stenobothrus demokidovi Ramme, 1930. Karabağ (1958) recorded it for the
first time from Turkey (Bingöl Dağlary, Zarovan and Şevti Yaylasy). Later, Demirsoy (1975) recorded it again from Turkey, between Çat and Bingöl Dağlary
(Erzurum). But Demirsoy’s short description, measurements and illustration might
refer to another species. Finally, Salman (1978) collected rich material (35 males
and 36 females) from Artvin, Kars and Iğdyr provinces in northeastern Turkey.
Chorthippus satunini Mistshenko, 1951 was described from Turkey (Oltu)
(Bey-Bienko and Mistshenko, 1951). Karabağ (1956, 1958) recorded it from Hakkari Province, southeastern Turkey. Weidner (1969) discussed the similarity of this
species with C. demokidovi and considered them as separate taxa. However, Demirsoy (1977) listed all previous records of C. satunini under C. demokidovi.
Chorthippus pygmaeus (Bey-Bienko, 1931), known from Nakhichevan (Azerbaijan) was recorded from eastern Turkey (Bitlis) by Önder et al. (1999), though
based on a single specimen. But this specimen probably belongs either to C. satunini or C. demokidovi. C. pygmaeus was synonymized by Ramme (1951) but
with a question mark.
Abundant material preserved in the Natural History Museum (NHM, London,
England, U.K.), collected in Turkey by K. M. Guichard and D. H. Harvey during
their expeditions in 1959, 1960, and 1962, represents a fine series which agrees
with the descriptions of C. demokidovi and C. satunini. Among this material
______________________________
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another, apparently hitherto unknown but allied species of Chorthippus was
found. While my description of the species was already preliminarily composed
and about to go to the printer, I learned that the same species presumably would
be published earlier, as Chorthippus taurensis Sirin and Ciplak, 2005 (in Ciplak et
al. 2005). However, herein I offer my description, including key characters, geographical distribution, and comparisons with species considered allied as I think
they will be useful for readers to see these from a different point of view. Apart
from the above mentioned publications, there are no further records of these three
taxa from Turkey. These, as well as other related gomphocerines such as C. abchasicus Ramme, 1939 from Georgia, C. savalanicus Uvarov, 1933 from N.W. Iran
and C. mistshenkoi Avakian, 1956 from Armenia should be compared to each
other as perhaps, some of them are conspecific. Other morphologically similar and
geographically close species, such as C. willemsei Harz, 1971 and C. pulloides
Ramme, 1926 from mainland and the Peleponnisos of Greece, C. biroi (Kuthy,
1907) from Crete, C. lebanicus Massa and Fontana, 1998 from Lebanon, C. dirshi
Fishelson, 1969 from Israel and C. hyrcanus Bey-Bienko, 1960 from N. Iran,
which appear to constitute a species group.
The material used in this study was loaned by the NHM. Identification and
illustration were done in the Abant Izzet Baysal Universitesi Entomoloji Müsesi
(AIBUEM), Bolu. Six specimens of the three species listed here are deposited in
the AIBUEM. All others are deposited in the NHM.

femur 3.8 times longer than wide. Stridulatory file 3 mm long, with 84 pegs; in 1
mm with 35 stridulatory pegs in middle part. Arolium broad, half as long as claws,
in other males slightly longer than claws. Abdomen: Tympanal opening oblique
rectangular, its largest diameter 3 times longer than the smallest diameter. Subgenital plate (Fig. 3) short and almost rounded, slightly pointed at apex. Cercus
compressed laterally, pointed at apex; twice as long as broad. Penis valves (Fig.
4) slender, anterior valves longer than posterior valves. Epiphallus as in Fig. 5.
Female: Body with sparse hairs. Head (Fig. 6): Antennae almost as long as
head and pronotum together. Faveolae 3 times longer than wide, in other females
2.5-3 times longer than wide. Frontal ridge slightly punctate. Eyes 1.3 times longer
than subocular groove. Pronotum (Fig. 6) longer than head; anterior margin convex, posterior margin with obtuse angle; median keel cut by transverse sulcus just
behind the middle (0.55/1 of total length); lateral keels strongly bent in prozona
under an angle; prozona and metazona slightly convex in lateral view; lateral lobes
lower than length of pronotum. Meso- and metasterna as in male. Tegmina (Fig.
7) 3 times longer than wide, its maximal width at proximal part; its apex rounded;
reaching to end of 4th abdominal tergite; radius and costa straight; precostal field
distinctly projected; costal field wide, 5 times broader than subcostal field; median field twice as broad as cubital field. Wings almost 1.5 times shorter than tegmina, reaching to half of 3rd abdominal tergite. Hind femur 4 times longer than wide.
Arolium half length of claws. Abdomen: Tympanal opening elliptical, its largest
diameter 2.6 times longer than the smallest diameter. Subgenital plate triangular at
apex. Ovipositor (Fig. 8) with short and sharp valves.
Color. Body various shades of brown with black spots, stripes and bands. Hind
femur with an oblique black band at inner face. Hind knee not darkened, concolorous. Hind tibia reddish brown in male, yellowish brown in female.
Material examined. Konya Province, Beyşehir, Yeniköy (Fig. 13), 5500ft, 3
October 1960, 4 males, 9 females (leg. K.M. Guichard and D.H. Harvey).
Distribution. (Fig. 13), TURKEY: W. Mediterranean Region of Turkey.
Remarks. This species is characterized by the shape and venation of the short
tegmina which in both sexes never reach to the end of abdomen, the broadly
rounded and unpointed apex of the male tegmina, the rouned apex of the female
tegmina, the shortened hind wings (almost half of tegmina), the pronotum with
strongly bent lateral keels, the narrow tympanal opening and the size. This species
is related other short-winged species as: C. willemsei Harz, 1971, C. biroi (Kuty,
1907), C. pulloides Ramme, 1926, C. satunini Mistshenko, 1951, C. demokidovi
(Ramme, 1930), C. abchasicus Ramme, 1939, C. savalanicus Uvarov, 1933,
C. pygmaeus Bey-Bienko, 1931, C. mistshenkoi Avakian, 1956, C. hemipterus
Uvarov, 1926, C. hyrcanus Bey-Bienko, 1960, C. dirshi Fishelson, 1969 and
C. lebanicus Massa et Fontana, 1998 which are distributed in the adjacent territories of Turkey and two of them in Turkey. The distinction concerns the shape of
tegmina in both sexes, tympanal openings and pronotum. It is more similar to
C. pulloides, C. satunini, C. demokidovi, C. lebanicus by the general structure of
tegmina (unpointed at apex in male) and the narrow tympanal openings (its largest

Chorthippus (Glyptobothrus) taurensis Sirin and Ciplak, 2005
Figs. 1-8, 13.
Ciplak et al., 2005, Trans. Am. Ent. Soc., 131(3+4): 473.
Redescription. Male: Body, fore and middle legs with sparse hairs. Head
(Fig. 1): Antennae distinctly longer than head and pronotum together. Head (Fig.
1) almost as broad as pronotum. Face oblique, frontal ridge with flat surface;
fastigium oblique without hair; foveolae 2.2 times longer than wide; concave with
rounded margins. Eyes 1.7 times longer than subocular groove. Pronotum (Fig.
1) slightly longer than head; anterior margin slightly convex, posterior margin
obtuse angular; median and lateral carinae distinct; median carina cut by transverse sulcus just behind the middle (5.4/10 from anterior margin); lateral carinae
distinct, strongly bent in prozona under an angle; lateral lobes of pronotum slightly lower than long; metazona a little convex in lateral view. Mesosternal space a
little broader than long but narrower than mesosternal lobes. Metasternal space
quadrangular. Tegmina (Fig. 2) 3.8 times longer than wide; its apex broadly
rounded, with distinct precostal field; always shorter than abdomen, reaching end
of 7th abdominal tergite, in other males reaching to half of 5th tergite; costal field
twice as broad as subcostal field; median field as broad as costal field and twice
as broad as cubital field. Wings almost half length of tegmina, in other males 1.51.7 times shorter than tegmina; reaching to beyond 3rd abdominal tergite. Hind
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diameter 2.5-3 times longer than the smallest diameter). However, shape and
venation of tegmina in both sexes (most obvious in the female), the reddish hind
tibia in the male, the pronotum, genitalia and larger size are different. The distinction with the closely allied Turkish species C. satunini Uvarov and
C. demokidovi Ramme is given below in the key.

Chorthippus (Glyptobothrus) demokidovi (Ramme, 1930)
Figs. 9-10, 13.
Ramme, 1930, 1951; Bey-Bienko and Mistshenko, 1951; Karabaǧ, 1958; Weidner, 1969; Demirsoy, 1975, 1977; Salman, 1978, Stolyarov, 1997.
Material examined. TURKEY: Aǧry Province (in the label: Kars Province),
Küçük Aǧrı Daǧı, Serdarbulak, 8-10000 ft, 2 September 1960, 13 males, 6
females (leg. K.M. Guichard and D.H. Harvey).
Distribution. (Fig. 13), W. ARMENIA: Alagös. N.E. TURKEY: Erzurum
Province, Bingöl Daǧlary; Bingöl-Erzurum; Aǧrı Province, Gezgez Daǧları;
Iǧdır province, Büyük Aǧrı Daǧı; Kars Province, Kaǧızman; Artvin Province,
Borçka (Ramme, 1930; Karabaǧ, 1958; Demirsoy, 1975; Salman, 1978; Stolyarov, 1997).
Remarks. This is the smallest species examined here and easily recognizable
by the female tegmina. The records of Artvin, Erzurum and Bingöl provinces
should be confirmed.

Chorthippus (Glyptobothrus) satunini Mistshenko, 1951
Figs. 11-13.
Bey-Bienko and Mistshenko, 1951; Karabaǧ, 1956, 1958; Weidner, 1969.
Material examined. TURKEY: Erzurum Province, Kopdaǧı Geçidi, 67000ft, 23 July 1960, 6 males, 7 females; Bayburt Province (in the label:
Gümüşhane Province), Soǧanlı Geçidi, 6000 ft, 25 July 1960, 4 males, 2 females
(leg. K.M. Guichard and D.H. Harvey).
Distribution. (Fig. 13) E. TURKEY: Erzurum Province, Oltu; Hakkari
Province, Karadaǧ (Bey-Bienko and Mistshenko, 1951; Karabaǧ, 1956).
Remarks. This species is very similar to C. demokidovi, but the female tegmina, details of the male tegmina and the size are different. Both taxa might have
been confused by previous authors and this material sould be re-examined.
Figures 1-12. Figs. 1-8. Chorthippus taurensis 1, male head and pronotum; 2, male left
tegmen; 3, male end of abdomen; 4, penis valves; 5, epiphallus; 6, female head and pronotum; 7, female left tegmen; 8, female end of abdomen. Figures 9-10. Chorthippus demokidovi 9, male left tegmen; 10, female left tegmen. Figs. 11-12. Chorthippus satunini 11,
male left tegmen; 12, female left tegmen. Scales = 1 mm.
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Table 1. Range of measurements (mm) of Chorthippus material examined and
previous data (pd.). These numbers are not averages. If there is a single number,
all measurements are the same. “Previous data” represent reports of measurements of these species in previous (Bey-Bienko and Mistshenko, 1951; Ramme,
1951).

Figure 13. Distribution of the three Turkish species of Chorthippus discussed in this
paper.

Key to the Turkish species of
Chorthippus shortened tegmina in both sexes
1. Male tegmen with precostal field distinctly projecting (Fig. 2). Hind tibia reddish-brown in male. Female tegmen 7-7.5 mm, rounded at apex (Fig. 7). Body
size large 15.9 mm in male, 18.7 mm in female (Table 1)............C. taurensis
Male tegmen with precostal field slightly projecting (Figs. 9 and 11). Hind
tibia yellowish-brown in male. Female tegmen shorter than 5.4 mm, pointed
at apex (Figs. 10 and 12). Body size smaller than 13.8 mm in male, 16.5 mm
in female (Table 1) ..........................................................................................2
2. Female tegmen 2.8 times longer than wide; with slightly projecting precostal
field (Fig. 10). Male tegmen with venetion as in Fig. 9. Body size: 9.3-11.5
mm in male, 13.5-15.5 mm in female (Table 1) ........................C. demokidovi
Female tegmen 2.4 times longer than wide; with distinctly projecting precostal
field (Fig. 12). Male tegmen with venetion as in Fig. 11. Body size: 11.4-13.8
mm in male, 15.2-15.5 mm in female .............................................C. satunini

Species

Body

Tegmina

Pronotum

Hind
Femur

males
C. demokidovi
pd.
C. satunini
pd.
C. taurensis

10.2-11.4
9.3-11.5
12.2-13.8
11.4
15.9-16.8

5.9-6.2
5.1-6.8
6.5-7.2
7.1
7.4-8.2

2.4-2.5
2.5
2.6-2.8
3.1

7.4-7.5
7.2-8
7.6-8.4
9.1-9.5

females
C. demokidovi
pd.
C. satunini
pd.
C. taurensis

14.7-15.5
13.5-15.5
15.2-16.5
18.7-20.2

4.2-5.6
3.7-5.1
4.5-5.4
7-7.5

2.9-3
2.9-3.1
3-3.6
3.8-4

8.4-8.9
8.2-9.2
9-9.7
11.4-12
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Two new genera and species of stenocranine planthoppers are here described.
One of these was discovered in the collection of the Great Smoky Mountains National Park, and is described as a component of the ongoing All Taxon Biotic Inventory (ATBI) (Sharkey 2001, Bartlett & Bowman 2004). The second new
genus was discovered among undetermined specimens from the Snow Entomological Museum, Lawrence, KS, from Arizona and Colorado.
The stenocranine planthoppers are advanced delphacids, treated as either a full
subfamily (Stenocraninae) (Asche 1985, 1990), or a tribe (Stenocranini) within
the Delphacinae (Emeljanov 1996). Preliminary combined molecular and morphological phylogenetic maximum parsimony analyses places the Stenocraninae
as a sister group to the Kelisiinae (Cryan and Bartlett, unpublished data).
Worldwide, the Stenocraninae consist of 5 genera and 75 species, as follows:
Embolophora Stål 1855 (3 species, African), Preterkelisia Yang 1989 (1 species,
P. magnispinosus [Kuoh, 1981 in Ding & Kuoh, 1981], Oriental), Stenokelisia
Ribaut, 1934 (1 species, S. angusta Ribaut, 1934, France & Yugoslavia, Nast,
1987), Terauchiana Matsumura, 1915 (5 species, Oriental & eastern Palearctic),
and Stenocranus Fieber, 1866 (65 species, widespread, mostly Laurasian). Stenocranus is the largest genus, and the only genus described from the New World,
however, it is apparently not monophyletic (Asche & Remane 1982, Asche
1985). New World Stenocranus consist of 15 species (Metcalf 1943, Beamer
1946a, b), one of which S. luteivitta Walker, 1851, was placed in incertae sedis
by Beamer (1946a). Stenocranus maculipes (Berg, 1879) from Argentina is the
only New World Stenocranus not from North America.
The features of the Stenocraninae are (Asche 1990): Aedeagus with a sclerotized central sperm-conducting shaft, at least partially surrounded by a mostly
membranous theca. Theca with at least one curved, horn-shaped process.
______________________________
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Females ditrysic. Second abdominal sternite of male drumming organ with small
shell-like or armlike apodemes directed caudad. Calcar large, flattened, with
numerous small teeth on inner margin. Kelisiinae (consisting of about 50 species
in 2 genera) differ mostly in having a more solid, less concave calcar, and by the
presence of a single or paired elongate, rodlike process from link between bases
of aedeagus and anal segment (subanal processes), although they also differ in
more subjective features such as the form of the aedeagus and chrootic features.
Terms for morphological features follow Asche (1985), except the “basal
angle” of the parameres from Metcalf (1949), the carinae of the head (Fig. 1) follow Yang and Yang (1986), and “gonoplacs”(for 3rd valvulae) is used following
Chapman (1998). Body length measurement is from apex of vertex to tip of wing
from several specimens as specified; other measurements, ratios and angles were
observed from the type specimen. The “angle of the fastigium” is determined as
the convergence of the general planes of the vertex and frons in lateral view. All
measurements are in millimeters (mm). The most recent revision of North American Stenocranus was Beamer (1946a). This work relied on features of wing
venation to key species, although no interpretation of venation was provided.
Wing venation here follows the conceptual scheme of Kukalová-Peck (1983) as
interpreted for Auchenorrhycha by Dworakowska (1988). Acronyms for specimen depositories are (following Arnett et al., 1993): GSNP , Great Smoky Mountain National Park collections, Sugarlands Visitor’s Center, Gatlinburg, TN;
SEMC, Snow Entomological Collection, University of Kansas, Lawrence, KS;
USNM, United States National Museum of Natural History, Smithsonian Institution, Washington, DC; UDCC, University of Delaware Insect Reference Collection, Department of Entomology and Wildlife Ecology, Newark, DE.
The following two new species have features that differ substantially from the
described New World Stenocranus, and are therefore placed in new genera. The
North American Stenocranus is at present being revised, including a reconsideration of its generic limits (S. W. Wilson, pers. com.). The upcoming generic revision should clarify the relationships among these new genera and other New
World stenocranines.

Remarks. The presence of a subanal process, a feature normally associated
with the Kelisiinae, separate this genus from all other Stenocraninae. The normal
(unexpanded) gonoplacs also separates this species from all New World Stenocranus except S. similis. None of the North American Stenocranus have their
head as projected or as acute in lateral view as Kelisicranus.
The subanal process in this genus is an unusual feature previously considered
an autapomorphy of the Kelisiinae. The nature of the calcar, the theca, size, coloration, and host (Kelisiinae are sedge feeders), however, all suggest Stenocraninae. Also, none of the Kelisiinae that I am aware of (e.g., Ribaut 1934,
Beamer 1945, 1951, Asche 1985, Holzinger et al., 2003) have processes on segment X. The presence of a subanal process suggests that Stenocraninae and
Kelisiinae are more closely related than previously suspected (by, e.g., Asche &
Remane 1982, Asche 1985, Emeljanov 1996).
Etymology. The generic name is a compound term formed by combining the
generic name Kelisia with the terminus of Stenocranus. It is an arbitrary combination of letters to be treated as masculine.

Kelisicranus NEW GENUS
Type species. Kelisicranus arundiniphagus n. sp.
Diagnosis. Head produced well beyond eye, fastigium angle acute. Median
carinae of frons single. Calcar thickly foliate, tectiform, with many small, blacktipped teeth on lateral margin. Gonoplacs not expanded. Male genitalia with forcepslike parameres. Diaphragm of pygofer strong, armature absent. Aedeagus
long, fine; resting within phallotheca caudad of articulation with segment X.
Connective between segment X and phallotheca bearing subanal process.
Segment X with two strong, widely separated processes from dorsolateral margins.

Figure 1. Head of Obtusicranus bicarinus n. sp. showing nomenclature of head carinae.
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Kelisicranus arundiniphagus NEW SPECIES
(Figs. 2, 4a, b; 5, 6a)

Wings rounded apically, row of crossveins in apical third (Fig. 6a). Hindwings as
long as forewings. Metatibia with two lateral spines. Metabasitarsus as long as
tarsomeres 2 + 3 combined; spinulation of metabasitarsus 7 (2 + 5), 2nd 4. Calcar
approximately 0.5x total length of basitarsus; thickly foliate, tectiform, with
many (ca. 20) small, black-tipped teeth on lateral margin.
Male genitalia with pygofer subtriangular in lateral view (Fig 4a), ventral and
dorsal sides subequal, projecting slightly on either side of parameres. Pygofer
posteriorly smoothly rounded into diaphragm; diaphragm sclerotized, without
armature. Parameres directed caudodorsally, forcepslike, abruptly tapered in apical fifth to dorsally directed apices; basal angle obscure (Fig. 4b). Aedeagus long
and fine, sclerotized; enclosed within apically bifed, weakly sclerotized phallotheca beyond base of anal segment; thecal apex with ventral process half as
long as falciform dorsal projection. Segment X elongate; approximately 0.8x as
tall as pygofer; bearing two long, stout, symmetrical processes from dorsolateral corners; slightly sinuate from lateral view. Segment X with a single, fine projection, 0.2 mm long, arising medially from base of ventral margin, adhering
close to ventral aspect of anal segment (subanal process, Fig. 5). Anal tube elongate and conspicuous. Female with gonoplacs not expanded (Fig 2d).
Remarks. Of the North American species of stenocranines, only Stenocranus
similis Crawford, 1914, shares with K. arundiniphagus the normal (i.e., not
expanded) gonoplacs, but Kelisicranus differs from S. similis and other North
American Stenocranus in having its head strongly projecting forward.
Kelisicranus arundiniphagus differs considerably from S. similis and other North
American Stenocranus in chrootic features, particularly in having its frons uniformly pale in contrast with darker geneae. Kelisicranus differs from Obtusicranus by the gonoplacs and subanal process and the shape of the head. In
Kelisicranus the frons is longer and narrower than Obtusicranus, and the angle
of the fastigium is more acute in Kelisicranus.
This species is described as a part of the All Taxon Biotic Inventory of the
Great Smoky Mountains National Park (Sharkey 2001, Bartlett & Bowman
2004). The host information reported on the label (“bamboo”) appears to refer to
giant or river cane (Arundinaria gigantea), which is present in Cades Cove, with
some plants reaching 4 m height. I examined giant cane in July 2003 for Kelisicranus arundiniphagus (or possibly Stenocranus arundinarius), but found only
S. similis.
Material Examined. Holotype: “GRSM Blount CO/ TN Cades Cove/
Bamboo 6 IV 1995/ D. Novikov //HOLOTYPE/Kelisicranus/arundiniphagus/
Bartlett” (%, USNM). Paratypes: 7 specimens on 5 pins, same data as holotype
(6$, 1%, GSNP); 22 specimens on 9 pins, same data as holotype except 11 IV
1995 (19$, 1% GSNP, 1$, 1% UDCC).
Etymology. The specific name is an arbitrary combination of letters, to be
treated as masculine, formed by combining “Arundin-” from Arundinaria, with
“phag” (eat, from Greek) Latinized with the male ending “-us,” connected with
an “i” (see ICZN 1985, table VII p. 203).

Type Locality. USA, TN, Great Smoky Mountains National Park, Cades
Cove.
Diagnosis: Color. Body tan; face (frons + clypeus + labrum), carinae of vertex and nota paler; darker on anterior lateral compartments of vertex, lateral margins of head both anterior to compound eyes and to either side of subocular
suture. Thorax tan ventrally, with irregular dark spots on dorsal region of pleuron. Legs yellowish with darker foveae. Macropterous wings slightly infumed,
with marginal darks spots just proximad to fused anal veins on clavus (wing coupling area), and at tip of each vein reaching wing margin except CuP (claval
suture); also each longitudinal vein darkened for short length just posterior to
crossveins in apical fourth of wing. Dorsum of abdomen dark brown with paler
middorsum and posterior tergal margins, with highly irregular paired pale spots
subdorsally and midlaterally on each tergum suggesting vittae. Venter of male
abdomen with midventral and posterior sternite margins pale yellow, contrasting
with dark sublateral patches, becoming paler laterally; segments IV-VI with
irregular midlateral pale spots on both sides of median line. Male pygofer tan,
paler ventrally and caudally. Female abdominal venter with segments III-VI similar to male except with a pair of small, dark midlateral spots on both sides of
midline; gonoplacs pale yellow, gonapophyses slightly darker.
Structure: Body length: 5.5 mm (5.1-5.7, n=4) %, 6.0 (5.75-6.50, n=5) $.
Head, including eyes, narrower than pronotum (0.83:1); distinctly projecting in
front of eyes (Fig 2a). Posterior margin of vertex excavated between compound
eyes, posterior margins slightly sinuate, acutely concave medially. Vertex much
longer (0.60 mm) than wide (0.25 mm) projected beyond eye for approximately
0.6x eye width. Lateral margins of vertex in dorsal view subparallel, converging
anteriorly; in lateral view meeting lateral carinae of frons with bluntly acute
angle at fastigium (Fig. 2c). Angle of fastigium approximately 40°. In dorsal
view, median carinae of vertex conspicuous, arms reaching submedian carinae in
anterior quarter of eyes (Fig. 1). Submedian carinae of vertex slightly raised
above level of lateral carinae, forming acuminate apex, meeting approximately
at or just beyond fastigium. Frons narrow (0.25 mm) and long (1.03 mm), slightly widened at eyes (Fig. 2b); lateral carinae subparallel. Postclypeus and anteclypeus with conspicuous median carinae, together 0.6x length of frons. Rostrum
reaching mesocoxae. Subocular suture conspicuous ventrally, curved in dorsal
quarter toward anterior margin of eye, becoming obsolete dorsally. Antennae
terete, segment I subequal in length and width, II 3x length of I. Pronotum in dorsal view approximately half as long as vertex, narrowing anteriorly, both on posterolateral margins behind eyes and within head excavation between eyes; anterior apex truncate; posterior margin broadly, obtusely concave. Three conspicuous pronotal carinae, reaching hind margin. Three carinae of mesonotum conspicuous; not reaching posterior margin; lateral carinae diverging posteriorly.
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Figure 3. Obtusicranus bicarinus n. sp. A. dorsal view, B. frons, C. lateral view, D. ventral view of ovipositor. Scale bar = 0.5 mm.

Figure 2. Kelisicranus arundiniphagus n. sp. A. dorsal view, B. frons, C. lateral view, D. ventral view of ovipositor. Scale bar = 0.5 mm.
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Figure 4. Male terminalia. A. Kelisicranus arundiniphagus, lateral view, and B. caudal
view; C. Obtusicranus bicarinus, lateral view and D. caudal view. Scale bar = 0.5 mm.

Figure 5. Subanal process of Kelisicranus arundiniphagus (arrow).

Volume 116, Number 5, November and December 2005

Figure 6. Wing venation following Dworakowska (1988). A. Kelisicranus arundiniphagus, B. Obtusicranus bicarinus. Abbreviations: AA =
Anterior Anal, AP = Posterior Anal, C = Costa, CuA = Anterior Cubitus, CuP = Posterior Cubitus (CS = Claval Suture); Cu = Cubitus, M = Media
(posterior), RA = Anterior Radius, RP = Posterior Radius; Sc = Subcosta.
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Obtusicranus NEW GENUS

tex slightly declinate in apical half (Fig. 3c). Angle of fastigium approximately
45°. In dorsal view, median carinae of vertex meeting arms of Y-shaped carina in
anterior fifth of eye (Fig. 1). Submedian carinae of vertex raised slightly above
level of lateral carinae, intersecting arms of Y-shape carina just anterior to eyes,
converging at approximately 40° angle to meet slightly posterior to fastigium.
Frons narrow (0.35 mm), and long (0.90 mm); lateral carinae subparallel, widest
at ventral margin of eyes (Fig. 3b). Postclypeus and anteclypeus with conspicuous median carinae, together about 2/5 length of frons. Rostrum short, reaching
mesocoxae. Subocular suture conspicuous, slightly curved in dorsal quarter to
reach eye just anterior to antennae. Antennae terete, segment I just as long as
wide, II 3x length of I. Pronotum in dorsal view approximately half as long as
vertex, narrowing anteriorly on posterolateral margins behind eyes, concavely
arced between eyes to truncate apex; posterior margin concave between lateral
carinae. Pronotal carinae conspicuous, reaching hind margin. Carinae of mesonotum conspicuous; lateral carinae diverging slightly reaching hind margin; median carina obsolete at scutellum. Wings rather pointed apically, row of crossveins
in apical ¼ (Fig. 6b); CuA1 and CuA2 variable in development. Hindwings 0.6x
length of forewings in all available specimens. Metatibia with two lateral spines.
Metabasitarsus as long as tarsomeres 2 + 3 combined; spinulation of metabasitarsus 7 (2 + 5), 2nd 4. Calcar approximately 0.5x total length of basitarsus,
thickly foliate, tectiform, subcultrate, with many (ca. 11-15) small, black-tipped
teeth on lateral margin.
Male genitalia with pygofer subtriangular in lateral view, dorsal and caudal
sides subequal (Fig. 4c). In caudal view, with slight ridge at opening between lateral margin and diaphragm and small projections on either side of parameres.
Diaphragm without armature. Parameres directed caudodorsally, forcepslike,
tapering to slightly upturned, acuminate apices; basal angle obtuse (Fig. 4d).
Aedeagus fine, sclerotized, somewhat serpentine; partially enclosed within
weakly sclerotized phallotheca, bearing elongate, caudoventrally directed apex;
phallotheca approximately half length of segment X. Segment X approximately
0.5x as tall as pygofer, bearing four stout, bilaterally symmetrical processes, subequal in length; two stout processes from dorso-lateral corners, and two broad,
strongly flattened, acutely pointed processes ventrad of first. Segment X without
subanal process. Anal tube elongate and conspicuous. Female with gonoplacs
greatly expanded, wax bearing, concealing ovipositor (Fig 3d).
Etymology. The specific name is formed from “bi-” (Latin, two, twice, double) plus “carin” (Latin, A keel), referring to the paired carinae of the frons, with
the masculine Latin termination “-us”.
Remarks. Stenocranus arundineus is the only other North American stenocranine with two pairs of processes on segment X, although in that species the ventral processes are longer than the dorsal processes and are not strongly flattened.
Obtusicranus bicarinatus is the first Stenocranine reported from the southwestern US.

Type species. Obtusicranus bicarinus n. sp.
Diagnosis. Head produced before eye to nearly width of eye, angle of
fastigium blunt. Median carinae of frons paired, subparallel, closely approximate
at frontoclypeal suture, slightly diverging nearly to apex before abruptly meeting
at fastigium. Calcar thickly foliate, slightly tectiform, subcultrate, with many
small, black-tipped teeth on lateral margin. Gonoplacs greatly expanded, wax
bearing. Male genitalia with forcepslike parameres. Diaphragm of pygofer well
developed, armature absent. Aedeagus long, fine; resting within phallotheca posterior to articulation with segment X. Connective between segment X and phallotheca without subanal process. Segment X symmetrical, with two paired
strong, widely separated processes, one from dorsolateral margins, other directly ventrad of first.
Remarks. This new genus is separated from all other stenocranines by the
doubled median carina on the frons. None of the North American Stenocranus
have their head projected forward to the degree of Obtusicranus. The strongly
flattened gonoplacs are a feature shared with most North American Stenocranus,
except S. similis. The presence of two pairs of processes on segment X is shared
among North America stenocranines only with Stenocranus arundineus.
Etymology. The specific name is an arbitrary combination of letters, to be
treated as masculine, formed by combining “obtus” (Latin, meaning blunt), with
“cranus,” the termination of Stenocranus (referring to the head, in reference to
the rounded apex of the vertex), connected with an “i.”

Obtusicranus bicarinus NEW SPECIES
(Figs. 1, 3, 4c,d; 6b)
Type Locality. Arizona, White Mountains.
Diagnosis. Color: General body uniformly light tan; slightly darker on
clypeus, ventral most portion of frons, and laterally on nota. Carinae concolorous with body. Legs pale with darker foveae. Tegmina of brachypter clear, veins
pale. Some specimens with longitudinal dark bar of varying length following
M3+4 from wing tip (Fig. 6). Abdominal terga pale laterally and middorsally, with
irregular dark midlateral band. Venter of female with segments 4-6 pale laterally, except 3-6 tiny brown spots; brown middorsally, except sclerite margins;
gonapophyses light brown. Abdomen of male similar to female; pygofer pale.
Structure: Body length: % 4.13 mm (4.0-4.2, n=4); $ 4.78 (4.4-5.0. n=5).
Head, including eyes narrower than pronotum (0.82:1) (Fig 3a). Vertex posteriorly truncate with eyes projecting posteriorly beyond vertex for 0.3 their length.
Vertex much longer (0.6 mm) than wide (0.34 mm), projected in front of eye for
approximately 0.5x total length. Vertex anteriorly rounded. Lateral carinae of
vertex in dorsal view shallowly converging to junction with submedian carinae,
slightly diverging before converging to rounded apex. In lateral view, lateral carinae of vertex meeting lateral carinae of frons with acute angle at fastigium; ver-
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Material Examined. Holotype: “White Mts. Ariz/ VI-19-1950/ R. H. Beamer
// % // SEMC //HOLOTYPE/Obtusicranus/bicarinus/Bartlett” (%, SEMC).
Paratypes: ARIZONA: 8 specimens same as holotype (2% [one specimen with
plesiotype, R. H. Beamer, label], 4$ SEMC; 1%, 1$ UDCC); 1 specimen
Flagstaff, VII-8-41, R. H. Beamer ($, SEMC). COLORADO: 1 specimen Mesa
Verde Nat. Pk., Pinyon Pine-Juniper, C4:6/29/44 ($, SEMC).

Ding, J. H. and C-l. Kuoh. 1981. New species of Stenocranus from China (Homoptera: Delphacidae). Acta Zootaxonomica Sinica 6(1): 74-84.
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Taxonomic keys used to identify specimens included those by Hall and
Townsend (1977), Rognes (1987), Shewell (1987), Sabrosky et al. (1989), and
Wells et al. (1999).

Lucilia Robineau-Desvoidy
illustris (Meigen 1826): Aiken, Anderson, Horry, Kershaw, Lexington, Oconee,
and Pickens Counties (March-April)

ANNOTATED LIST
We obtained specimens from 41 (89%) of 46 counties in South Carolina. The
unsampled counties were Berkeley, Chesterfield, Hampton, Jasper, and Marion.
A total of 20 species, representing 11 genera were collected and identified. The
following checklist is organized by taxonomic group followed by county collection records. Citations follow collection records from published literature.
Monthly collection dates were included when available. Classification of calliphorids is based on the catalogs of Hall and Townsend (1977), Rognes (1987),
Shewell (1987), and Sabrosky et al. (1989). All taxa are arranged alphabetically.
Voucher specimens of all species identified were deposited in the CUAC and
GMNH. * = Species previously unreported from South Carolina

Phaenicia Robineau-Desvoidy
cluvia (Walker 1849): Abbeville, Anderson, Cherokee, Florence, Greenville,
Laurens, Oconee, Pickens, and Spartanburg Counties (April-May and September-November)
coeruleiviridis (Macquart 1955): Abbeville, Anderson, Aiken, Cherokee, Dillon,
Florence, Greenville, Lancaster, Laurens, McCormick, Oconee, Pickens
(Payne and King, 1972), Richland, Spartanburg, and York Counties (AprilOctober)
cuprina (Wiedemann 1830): Anderson, Oconee, Pickens (Payne and King,
1972), and Sumter Counties (September-October)
sericata (Meigen 1826): Anderson, Barnwell, Beaufort, Calhoun, Cherokee,
Colleton, Florence, Greenville, Greenwood, Lexington, Newberry, Oconee
(Tomberlin et al., 2001), Pickens (Payne and King, 1972), and Spartanburg
Counties (March-November)

Subfamily Calliphorinae
Tribe Angioneurini
Opsodexia Townsend
*bicolor (Coquillett 1899): Aiken County (April)
grisea Coquillett 1899: Allendale County (Downes, 1986) (June)

Tribe Calliphorini
Calliphora Robineau-Desvoidy
livida Hall 1849: Laurens and Pickens (Payne and King, 1972) Counties (March)
*terraenovae Macquart 1851: Charleston County (March)
vicina Robineau-Desvoidy 1830: Aiken, Anderson, Charleston, Colleton, Darlington, Dorchester, Edgefield, Florence, Greenville, Greenwood, Lee, Lexington, Marlboro, Oconee (Tomberlin et al., 2001), Pickens (Payne and
King, 1972), Richland, Spartanburg, and Union Counties (January-December)
vomitoria (Linnaeus 1758): Fairfield, Florence, Greenville, Laurens, Oconee,
Pickens (Payne and King, 1972), Spartanburg, and Williamsburg Counties
(January-May)
Cynomyopsis (Robineau-Desvoidy)
cadaverina (Robineau-Desvoidy 1830): Dorchester, Fairfield, Florence, Oconee,
Pickens (Payne and King, 1972), and Saluda Counties (March and October)

Tribe Luciliini
Bufolucilia Townsend
*silvarum (Meigen 1826): Dillon County (June)
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Tribe Phormiini
Phormia Robineau-Desvoidy
regina (Meigen 1826): Abbeville, Allendale, Anderson (Tomberlin et al., 2001),
Bamberg, Calhoun, Charleston, Chester, Clarendon, Colleton, Dorchester,
Edgefield, Fairfield, Florence, Georgetown, Greenville, Greenwood, Lexington, McCormick, Newberry, Oconee (Tomberlin et al., 2001), Orangeburg, Pickens (Payne and King, 1972), Union, Williamsburg, and York
Counties (January-December)
Protocalliphora
braueri (Hendel 1901): Pickens County (Whitworth, 2003) (July)
deceptor Sabrosky, Bennett, and Whitworth: Aiken 1989 (Sabrosky et al., 1989)
and Pickens County (May)

Subfamily Chrysomyiinae
Tribe Chrysomyiini
Cochliomyia Townsend
hominivorax (Coquerel 1858): Allendale (Sept 1964), Dorchester (Oct 1939),
and Pickens (Aug 1956) Counties. Dates are included for C. hominivorax
because it was eradicated from the state in the 1950s (Goddard and Lago
1983) (September-October)
macellaria (Fabricius 1775): Abbeville, Aiken, Anderson (Tomberlin et al.,
2001), Charleston, Florence, McCormick, Newberry, Orangeburg, Pickens
(Payne and King, 1972), and Richland Counties (March-December)
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Chrysomya Robineau-Desvoidy
*rufifacies (Macquart 1843): Pickens County (September)
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DISTRIBUTION AND HABITAT CHARACTERISTICS OF
THE COLOR POLYMORPHIC BUSH-CRICKET ISOPHYA
RIZEENSIS SEVGILI (ORTHOPTERA: TETTIGONIIDAE:
PHANEROPTERINAE) IN TURKEY1

Subfamily Polleniinae
Tribe Polleniini
Pollenia Robineau-Desvoidy
rudis (Fabricius 1794) Pickens County (Newman and Carner, 1975) (February)

Ismail Kudret Saglam2 and Selim Sualap Caglar2

Downes, W. L., Jr. 1986 The Nearctic Melanomya and relatives (Diptera: Calliphoridae): a problem in
calyptrate classification. Bulletin of the New York State Museum 460: 1-35.

ABSTRACT: Isophya rizeensis Sevgili, 2003 (Orthoptera: Tettigoniidae: Phaneropterinae) is
endemic to the Fırtına Valley in the north-east of Turkey. This paper describes the spatial distribution
and habitat characteristics of nymphs and adults of I. rizeensis within the Fırtına Valley taking color
variation into consideration. Both male and female color morphs showed marked differences in spatial distribution with dark morphs appearing in the lowlands (between 300-1000 m) and light morphs
appearing in the highlands (between 1000-2000 m). Both development stages (nymphs and adults)
were found only in forb/herb and shrub vegetation within certain open habitat patches along the
Fırtına Valley. Microclimatic and vegetative properties of different habitat patches and behavioral differences of I. rizeensis in these different patches were also evaluated. Factors responsible for the differential distribution of color morphs were discussed in relation to characteristics of local habitat
patches.

Goddard, J. and P. K. Lago. 1983. An annotated list of the Calliphoridae (Diptera) of Mississippi.
Journal of the Georgia Entomological Society 18: 481-484.

KEY WORDS: Isophya rizeensis, Orthoptera, Tettigoniidae, Phaneropterinae, habitat characteristics, color polymorphism, distribution, Fırtına Valley, Turkey.
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The bush cricket Isophya rizeensis is a newly described species (Sevgili,
2003) found in the North-East Mountain Ranges of Turkey. It is endemic to
Anatolia and has a very restricted distribution (Sevgili, 2003; Sevgili, 2004). The
most striking feature of this species is the high variability of dorsal and ventral
coloration, a feature which is most apparent in males. Moreover this variation in
coloration is reported to have a spatial pattern with black color morphs appearing in lowlands (600-1000 m altitudes) and yellowish-green color morphs appearing in the subalpine zones of the Kaçkar Mountains (Sevgili, 2003; Saǧlam,
2004).
Coloration is one of the most important defensive attributes of bush-crickets.
Bush-crickets tend to specialize in blending into the background on which they
rest remaining motionless during daylight hours (Gwynne, 2001). As noted by
Gwynne (2001) “usually all or most activity occurs at night thereby reducing the
risk of being spotted by visually hunting mammals and birds, groups that probably have had a long selective influence on bush-crickets.” That color pattern contributes to individual variation in susceptibility to visually oriented predators has
been demonstrated by many researchers for orthopterans (Forsman and Appelqvist 1998, 1999) and other ectotherms (Brodie, 1992; Endler, 1991, 1995; Forsman and Shine 1995; Kingsolver, 1995, 1996). Furthermore in environments
where animals cannot easily attain high body temperatures one may expect properties such as coloration which affects heating rates and equilibrium body temperatures (Forsman 1995, 1997; deJong et al., 1996) to translate into differential
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fitness since many characteristics of such animals are heavily dependent on body
temperature including growth (Stevenson et al., 1985), egg production (Forsman
1999a), behavior (Forsman, 2000), mating success (Willmer 1991) and performance (Harrison et al., 1991; Forsman 1999b; Gilchrist 1996).
Apart from properties of the individual like coloration, important fitness determents such as body temperature and survival are heavily dependant on habitat.
Bush-crickets are classical heliotherms using behavioral mechanisms to maintain
high diurnal body temperatures (Chappell and Whitmann, 1990). Thus, in warm
ambient temperatures, crickets may move lower in the vegetation to be shaded
by plants, whereas in cooler environments they may move up in the vegetation
to gain heat (Harrison and Fewell 1995). In addition, orthopterans may experience different levels of predation risk at different heights in the vegetation.
Crickets may move lower in the vegetation to escape aerial predation or higher
to escape ground predators (Pitt, 1999). Furthermore population characteristics
like size, sex, diapause duration, development time and survival can all differ in
relation to humidity, temperature and vegetative features of the habitat (Monk,
1985; Atkinson and Begon 1987a, 1987b; Sibly and Monk, 1987; Dingle et al.,
1990; Thorens, 1991; Telfer and Hassal, 1999; Szovenyi, 2002).
Therefore structural characteristics, vegetation composition, and microclimatic properties of the available habitats and color pattern of individuals can greatly
influence the distribution of orthopterans at regional and local scales. Currently,
there is no data available on the habitat characteristics of I. rizeensis and no comparative studies between color morphs have been conducted. In the present study,
we describe the spatial distribution and habitat characteristics of I. rizeensis taking different color morphs into consideration. Our main objective is to determine
the factors responsible for the observed spatial pattern and whether different color
morphs inhabit different habitats under different ecological, hence potentially different selective pressures. In addition, a thorough description of the color morphs
will be given since no such proper description has been published.

According to the only previous study published (Sevgili, 2003) the species is
distributed along the “Fırtına Valley” situated in the East Black Sea region of
Turkey; ranging from the northern slopes of the Kaçkar mountains to the lowlands of Çamlıhemşin town in the Rize Province (Figure 1).

METHODS
The Species
Isophya rizeensis is a large (17.7-25 mm) flightless ground-living bush cricket. Nymphs emerge in late May and early June and adults are found from late
June to the end of August. At higher altitudes (over 1500 m) nymph emergence
shifts towards the middle of June and first adults are seen starting from the second week of July (Saǧlam, 2004). The species mainly feeds on herbs and grasses situated in the bottom of the vegetation and feeding and mating activity usually occurs at night. Isophya rizeensis occurs syntopically with other bush-crickets such as Poecilimon schmidti (Fieber, 1853), P. similis (Retowski, 1889),
Phonochorion spp. and Pholidoptera griseoaptera (DeGeer, 1773) in the lowlands and with Psorodonotus specularis (Fischer de Waldheim, 1846) and
Phonochorion spp. in the subalpine and alpine zones of the Kaçkar Mountains
(Sevgili, 2003).
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Color Morphs
Like most species within the genus Isophya, I. rizeensis is polymorphic for
color pattern. Males can be classified into three distinct morphs according to
color pattern (Saǧlam, 2004): 1) Black morphs: dorsal surface of abdomen totally black except for two red longitudinal bands, ventral surface of abdomen red or
yellow, tegmina claret red in subcoastal and radial areas; 2) Brown morphs: dorsal surface of abdomen brownish yellow, ventral surface yellow, tegmina same
as black morph; 3) Light green morphs: dorsal surface of abdomen light green
with two distinct yellow longitudinal bands, ventral surface yellow, tegmina
same as other morphs. Similar variation in color patterns is seen in females but
is not as distinct as those in males therefore females were classified separately
with green being the dominant color morph (Saǧlam, 2004): 1) Dark green
morphs: dorsal surface of abdomen dark green with rare black markings, ventral
surface yellow; 2) Black morphs: dorsal surface of abdomen black, ventral surface claret red; 3) Light green morphs: dorsal surface of abdomen light green
with two distinct yellow longitudinal bands, ventral surface yellow.

Fig. 1. Map of distributional area of Isophya rizeensis within the black sea region of
Turkey. Shaded area indicates the total range of the species (Sevgili, 2003).
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Study Area
The study was conducted in the Fırtına Valley stretching from the lowlands of
Çamlıhemşin town (N 41 02.242 / E 41 00.501, 353 m) up to the highlands of
Elevit Plateau (N 40 51.288 / E 41 00.750, 1890 m) (Fig. 1). The valley is covered with warm-deciduous forests existing without interruption since the Tertiary
and harbors many distinct habitats such as alluvial stream forests, beech forests,
boxwood forests and meadows in the lowlands and pine forests, subalpine meadows and grasslands in the highlands near the slopes of the Kaçkar Mountains
(Güner et al., 1987). The valley is surrounded by dense tree lines reaching over
30 meters from all sides isolating the valley from wind currents therefore wind
activity within the valley is highly reduced. The valley receives abundant rainfall
all year long with mean precipitation values reaching 1296.5 mm. Temperatures
are usually low with a yearly mean of 13.5°C. Highest temperatures are recorded
in July and August with means values around 21.7°C but temperatures within the
day can vary greatly depending on sunlight and rainfall. Relative humidity is high
and constant throughout the year with mean values around 73-82% RH. Fog formation is common in the area especially at higher altitudes where fog tides come
and go on a daily basis. Since all prior records of the species were given from the
Fırtına Valley, our study mainly focused on this area while excursions were made
to neighboring regions in order to determine the total range of the species.

monitored by counting all nymphs, males and females systematically by walking
in straight lines spaced at two meters. During monitoring, the vegetation type
from which each specimen was recorded was determined. In addition, the color
pattern of all sighted specimens and their relative position in the vegetation was
recorded in order to have an idea about behavioral differences brought on by predation and thermal requirements. Crickets were classified as on top, in the middle or below the vegetation in order to remove the bias that could originate due
to differences in vegetation height between habitat patches.
Plant species composition and abundance in the 13 habitat patches were
determined following Braun-Blanquet’s method (Akman et al., 2000). Vegetation structure of the habitat patches were determined by sorting identified plant
species into structural categories. Habitat characteristics of I. rizeensis was determined by testing whether the distribution of the species among the vegetation
categories different significantly form a random distribution. Deviation from a
random distribution was tested using the Chi-square Goodness of Fit test. In addition, to test for differences in habitat preferences between males, females and
nymphs, the Chi-square test was employed for the observed and expected frequencies of male, female and nymphs on different plant associations.

Field Work, Sampling Procedure and Analyses
Field surveys were conducted systematically six times between June-September 2003. All suitable habitat patches were visited in order to determine the
presence or absence of I. rizeensis. Presence of I. rizeensis was determined
through its characteristic stridulation (Sevgili, 2003) and observation of adults
and nymphs. In cases where no specimens were observed and no stridulation
heard, the localities where consistently rechecked.
Habitat characteristics and distribution of color morphs were evaluated by
studying 13 habitat patches at varying altitudes where the presence of I. rizeensis was determined (Table 1). Relative size of habitat patches varied between 20
m2 to 50 m2 as these were usually forest clearings exposed to the sun. To quantify the microclimatic conditions of each habitat patch, we measured temperatures
and relative humidity in vegetation using a thermo-hygrometer penetration probe
(Hanna model, HL8564). Wind measurements were left out since no wind activity was ever noted in any of habitat patches except for habitat patch 13, and even
here wind speeds never exceeded 2 knots. Meteorological data from the nearby
weather station situated in the town of Pazar was not used since climatic properties of the valley appeared to be greatly independent from the local weather
(Saǧlam, 2004).
Sampling was conducted during the day between 11:00 am and 18:00 pm
when the majority of males call consistently and most individuals actively thermoregulate optimizing our chances of spotting individuals and giving more reliable estimate of color morphs frequencies. Isophya rizeensis populations were
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RESULTS
Distribution
As in Sevgili (2003) as no specimens were ever observed outside the Fırtına
Valley. First sighting of individuals were recorded at 353 m near the town of
Çamlıhemşin and subsequent sightings were made at 12 other sites at differing
altitudes along the valley (Table 1). The highest altitude which I. rizeensis was
collected from was the Elevit Plateue situated 1890 meter. No specimens were
found at higher altitudes. The distribution pattern of I. rizeensis along the Fırtına
Valley was not continuous but showed a patchy pattern with individuals located
in certain open habitats usually separated by 1-2 km.
Distribution of Color Morphs
Distribution of both male and female color morphs showed a discrete spatial
pattern. In both sexes darker morphs were found at lower altitudes. Counts of
male and female color morphs from different habitat patches are given in Fig. 2A
and 2B respectively.
In males black morphs were mostly distributed in habitat patches between
300m – 100 m altitude and no specimens belonging to other color morphs were
recorded from these altitudes. Similarly green color morphs were recorded only
from habitat patches between 1000 m – 1900 m altitude. A small number of black
morphs were also recorded from these altitudes but except for habitat patch 9 at
1246 m altitude the number of counts was negligible (Figure 2A). Brown color
morphs were recorded only between 1000 m – 1100 m altitude from habitat patch
8 along with a respectable number of green morphs. Although the number of
black morphs collected from this patch was extremely low (n=5), habitat patch 8
was the only habitat where all color morphs were seen (Fig. 2A).
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Table 1. Altitude and coordinates of the 13 habitat patches where the presence of
I. rizeensis has been determined.
Sites

Altitude

Coordinates

Habitat Patch 1

352.7 m

N 41° 02' 14.9"
E 41° 00' 29.9"

Habitat Patch 2

420.6 m

N 41° 00' 19.6"
E 40° 59' 20.4"

Habitat Patch 3

442.9 m

N 40° 59' 46.8”
E 40° 58' 29.4”

Habitat Patch 4

475.2 m

N 40° 59' 08.2"
E 40° 57' 52.5"

Habitat Patch 5

665.1 m

N 40° 56' 24.2"
E 40° 58' 04.6"

Habitat Patch 6

883.1 m

N 40° 54' 59.8"
E 40° 56' 44.2"

Habitat Patch 7

979.9 m

N 40° 54' 27.1"
E 40° 56' 52.5"

Habitat Patch 8

1028.0 m

N 40° 53' 16.6"
E 40° 55' 47.0"

Habitat Patch 9

1246.3 m

N 40° 51' 46.7"
E 40° 56' 05.1"

Habitat Patch 10

1335.6 m

N 40° 51' 49.2"
E 40° 57' 08.9"

Habitat Patch 11

1485.6 m

N 40° 51' 46.7"
E 40° 58' 11.3"

Habitat Patch 12

1621.4 m

N 40° 51' 58.3"
E 40° 59' 05.2"

Habitat Patch 13

1893.9 m

N 40° 51' 17.4"
E 41° 00' 45.1"

Fig. 2. Distribution of male (A) and female (B) color morphs of I. rizeensis in habitat
patches at different altitudes within the Fırtına Valley.

Female color morphs showed similar spatial variation but the pattern was not
as distinct as those in males. Dark green morphs were found to be distributed
between 350 m – 1600 m altitude but average numbers dropped from 14 individuals per patch to 6 individuals per patch over 1100 m altitude (Figure 2B). Distribution of light green morphs ranged between 800 m – 1900 m altitude, but high
number of light green morphs were found only in habitat patches at higher altitudes over 1400 m (Figure 2B). Only a small number of female black color morphs
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Plantago lanceolata (1), Alnus glutinosa (1)
4.16
24

70.84

317

were recorded from habitat patches between 500 m – 1300 m altitude and no such
specimens were collected from habitat patches at higher altitudes (Figure 2B).
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% Species
Forb/herb Shrub Graminoid Tree

Species with highest “cover-abundance” values
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Habitat Number of
Patch
of Species

Table 2. Classification of open habitats where the presence of I. rizeensis has been recorded. Total number of plant species, % of
forb/herb, shrub, graminoid (dense and tall grasses) and tree species and dominating plant species in each open habitat patch are
mentioned.
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Habitat Characteristics
The presence of I. rizeensis was determined in 13 habitat patches along the
Fırtına Valley. All were open habitats (forest clearings) exposed to the sun. No
specimens were ever found in any type of forest. Vegetation structure of the 13
habitat patches is given in Table 2. All 13 patches consisted mainly of three structurally different vegetation types; forb/herb, shrub and graminoid (dense and tall
grasses). No specimens were found in other open habitat types in the area, such
as meadows or lawns. The frequency with which I. rizeensis was recorded from
plant species belonging to each vegetation type within the 13 patches was recorded (Table 3). The hypothesis that individuals were distributed among the vegetation types at random was tested using the Chi-square Goodness of Fit test. The
null hypothesis was rejected in each case (male nymphs X2 = 213.50, df = 8, p <
0.001; female nymphs X2 = 58.32, df = 8, p < 0.001; male adults X2 = 234.48, df
= 8, p < 0.001; female adults X2 = 87.55, df = 8, p < 0.001). Results show
I. rizeensis individuals were not distributed among the three vegetation types at
random, but were more frequently associated with shrub habitats and were rare
in dense and tall grasses.
To test whether the distribution of the sexes and development stages in Table
3 differed statistically, the Chi-square test was employed. Males and females differed significantly (X2 = 53.947, df = 8, p < 0.001) in the types of vegetation they
were seen to occupy. This difference was mainly due to the preference of females
for more open vegetation as can be inferred from their lack of presence in more
dense and closed vegetation such as Rubus (Rosaceae) associations. Both
females and males showed significant difference in use of vegetation types
between the two stages (X2 = 36.471, df = 8, p < 0.001; X2 = 117.307, df = 8, p <
0.001). Both underwent a change in behavior on becoming adults and were found
in taller and denser shrub associations when compared with the nymphs of the
same sex.
Differences Between Sites
Microclimate
Microclimatic properties of the habitat patches changed as expected with
ambient temperatures decreasing with higher altitude. The habitat patches can be
classified into two groups according to microclimate with habitat patches 1
through 7 constituting the relatively warm environment and habitat patches 8
through 13 constituting the relatively cooler environments. Mean in vegetation
temperatures changed from 21.63°C ± 0.50 to 17.83°C ± 0.96 from habitat patches 8 and higher. Soil temperatures showed a similar change with mean temperatures dropping from 21.00°C ± 0.82 to 16.65°C ± 1.70 from habitat patch 8 and
higher. Moreover this difference was statistically significant (vegetation H =
22.73, df = 1, p < 0.001; soil H = 7.50, df = 1, p = 0.006) as show by non-parametric Kruskall-Wallis test.
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Table 3. Percentage of nymph and adult I. rizeensis associated with plant
species belonging to Shrub, Forb/herb and Graminoid vegetation type in the 13
habitat patches within the Fırtına Valley. Height profile of plant species belonging to each vegetation type are also given.

Table 4. Vegetation usage profile of adult I. rizeensis in different habitat patches within the Fırtına Valley. Plant species belonging to each vegetation type and
their height profile are given.

Plant Species

Nymph Adult Male Adult Female
Height Profile (n, 353)
(n, 608)
(n, 136)

Shrubs
Rhododendron ponticum

Hatitat Patches
8
11
(n=80) (n=192)

Height Profile

7
(n=353)

13
(n=103

150-180 cm
90-110 cm
100-160 cm
180-200 cm

–
44%
10%
–

–
–
13%
46%

6%
–
55%
11%

85%
11%
–
–

50-90 cm
30-40 cm
30-40 cm
90-160 cm

12%
9%
10%
11%

6%
20%
–
1%

22%
3%
–
1%

1%
–
–
3%

†30 cm

4%

14%

2%

–

Shrubs
150-180 cm

4%

13%

15%

90-110 cm

10%

27%

5%

Sambucus nigra

100-160 cm

29%

18%

35%

Coryllus avellana

180-200 cm

0%

8%

7%

Rubus ideaus

Plant Species
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Rhododendron ponticum
Rubus ideaus
Sambucus nigra
Coryllus avellana
Forb/herbs

Forb/herbs
Urtica dioca

50-90 cm

23%

13%

6%

Salvia verticillata

30-40 cm

23%

6%

11%

Rumex scutatus

30-40 cm

4%

5%

10%

90-160 cm

4%

7%

4%

≤30 cm

3%

3%

7%

Pteridium aquilinum
Graminoid

Vegetative Features
Bush-Crickets were found to be associated with different forb/herb and shrub
species providing different levels of coverage in habitat patches at different altitudes. Bush-Crickets recorded form habitat patches between 300 m – 1000 m
altitude (black morphs) were mostly associated with the densely packed dwarf
shrub Rubus ideaus L. (Rosaceae) providing high levels of cover. In comparison
bush-crickets distributed in habitat patches located at higher altitudes between
were mostly associated with taller tree-shrubs like Coryllus avellana L.
(Corylaceae) (1000 m – 1100 m altitude; brown morphs), Sambucus nigra L.
(Caprifoliaceae) (1200 m – 1500 m altitude; green morphs), and Rhododendron
ponticum L. (Ericaceae) (1500 m – 1900 m altitude; green morphs) with relatively much reduced levels of cover (Table 4).

Urtica dioca
Salvia verticillata
Rumex scutatus
Pteridium aquilinum
Graminoid

Behavior
Bush-crickets were found at different heights in the vegetation in habitat
patches located at different altitudes (Figure 3). Only habitat patches where the
total number of counts exceeded 30 were included in the analysis and female and
male counts were pooled due to low number of female counts in habitat patches.
Crickets were mostly clustered on top of the vegetation in habitat patches
between 600 m – 1000 m altitude, while they were mostly found in the middle
of the vegetation in habitat patches between 1000 m – 1900 m altitude (Figure
3). Chi-square analysis showed that this variation between sites was statistically
significant (X2 = 162.119, df = 12, p < 0.001).
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on both Rubus and Rhododendron associations and by other crickets such as
Psorodonotus specularisa Fischer-Waldheim, and Pholidoptera griseoaptera
DeGeer found in similar habitats.

Fig. 3. Relative position (bottom, middle, top) at which crickets were found in the vegetation in habitat patches at different altitudes within the Fırtına Valley.

DISCUSSION
Habitat Characteristics
The overall distribution of I. rizeensis in the Fırtına Valley was not continuous, but showed a fragmented spatial pattern with the species appearing only in
certain open habitat patches. On a large scale the presence of I. rizeensis was
highly correlated with habitats containing forb/herb and shrub vegetation. No
specimens were recorded from other open habitats in the area such as meadows
or lawns. On a smaller scale although shrub vegetation covered approximately
10-25% of the area of the habitat patches (Table 2) it yielded 66% and 63% of
all direct observations of adult males and females respectively (Table 3). The
taller vegetation may have a preferred microclimate, a greater abundance of food
or provided shelter from predators. Sunlight is extremely limited in the area due
to high levels of precipitation and fog. Hence, I. rizeensis would be expected to
prefer shorter and more open vegetation where it can receive more direct sunlight. Therefore shrub vegetation is unlikely to be selected for its microclimate.
Similarly, diet also cannot explain this distribution since the leaves of most
shrubs in the area are not edible. Evidence that predation may be important is
persuasive. Shrub vegetation provides good shelter for these crickets whose only
defense is camouflage and remaining motionless. Furthermore, the dense understory of shrub vegetation is ideal for disappearing for adults of either sex which
jump down to the base of the vegetation when approached more than two meters.
Unlike adults, nymphs did not show a preference between either vegetation
types and were recorded from both forb/herb (54%) and shrub vegetation (44%)
but avoided Rhododendron ponticum L. and Rubus ideaus L. associations (Table
3). This could result from the disproportionate mortality of eggs and nymphs
below dense vegetation (Cherrill and Brown, 1990; Ingrish, 1984) or maternal
oviposition behavior of females which avoid such unfavorable environments.
The lack of female bush-crickets from dense Rubus ideaus L associations (Table
3) might give support for this hypothesis. Alternatively nymphs could actively
avoid these habitats due to elevated risks of size or stage-based and predation
caused by spiders (Schmitz et al., 1997; Schmitz, 1998) which are readily found

Distribution of color morphs
The data presented here indicates that the distribution of both male and female
color morphs showed a discrete spatial pattern. In both sexes darker color
morphs were mostly predominant in warmer habitats below 1028 m while lighter
color morphs were predominant in cooler habitats situated above 1028m (Fig.
2A, B). This is in contradiction to most data showing that insects living in cooler environments are usually darker than their counterparts living in warmer environments (Chapman, 1998). In species that are polymorphic for dorsal color pattern, individuals belonging to dark morphs generally warm up more rapidly and
attain higher body temperatures, compared to lighter individuals (Forsman, 1995,
1997; Jong et al., 1996). This would suggest a selective advantage for darker coloration in such environments unless there are other selective agents at work.
Recent studies conducted with color polymorphic organisms state the importance of predation in the maintenance of such variation (Forsman and Appelqvist
1998; 1999; Forsman 1999b). Field data based on behavioral differences among
crickets suggests that there could be different predation pressures in habitat
patches at different altitudes. Vertical distribution of bush-crickets in the vegetation is effected mainly by temperature (Harrison and Fewell 1995), wind (Anderson and Abramsky, 1979; Chappell, 1983) and predation (Pitt 1999). In environments with limited radiative regimes, bush crickets would normally be expected
to be found higher in the vegetation increasing their exposure to direct solar radiation (Pitt, 1999). In line with this, as expected, I. rizeensis individuals in habitat patches at lower altitudes (below 1028m) were found mostly on top of the
vegetation whereas individuals in habitat patches at higher altitudes over 1028 m
were found lower in the vegetation (Fig 4). Cool wind currents are usually effective at highlands and could force bush-crickets into lower more protective
regions of the vegetation. Since wind currents in the area are almost negligible,
this factor seems unlikely to explain the observed pattern. Habitats at higher altitudes provide less coverage increasing the susceptibility of individuals to predation. Predation pressures caused by visually guided predators, such as birds could
force these individuals into lower levels of the vegetation (Pitt, 1999) and could
explain the observed pattern.
Under conditions with elevated risk from predators, selection might favor the
more cryptic light-green color morphs over the black color form. Habitats at lower altitudes were denser and provided higher cover than habitats at higher altitudes. Therefore black coloration would not necessarily result in a cryptic disadvantage under these conditions enabling individuals to utilize the thermal advantages of black coloration. In males a certain amount of black morphs were also
sampled from habitat patches at higher altitudes (Figure 2A), whereas no record
of lighter morphs at lower altitudes was found. This might suggest that, given the
chance, crickets at higher altitudes would use the benefits of darker coloration,
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but cannot do so since they are actively selected against. The only habitat patch
at higher altitudes which yielded a substantial number of black male morphs was
habitat patch 8 between 1100 m -1300 m altitude. Interestingly individuals in this
habitat were mostly found on top of the vegetation giving some support for this
hypothesis.
Predation could also explain why the nature of the color variation and the distribution pattern of female color morphs were less pronounced than in males.
Female crickets spend most of their time in the understory of the vegetation
searching for suitable oviposition sites and do not actively call out for males
therefore are less susceptible to predators (Belovsky et al., 1990). Hence the selective pressure caused by predation on females would be much reduced when
compared to males.
However the dynamics of the region are extremely complex. This is especially true for weather patterns which are highly stochastic. The coming and going
of heavy fog, constant rains interrupted by short periods of sunlight continually
change temperatures and other microclimatic conditions this species is subjected
to. Therefore determining the factors resulting in the observed variation is highly difficult and is unlikely to be related only to predation. More data on the thermal preferences and capacity, behavior and life history traits of different color
morphs and a better understanding of the selective agents at work in the field is
needed in order to fully understand the nature of this variation. Currently, research on these topics is underway and will be reported in the future.
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Üniversitesi Basımevi, Ankara, Turkey. 341_ pp.
Atkinson, D. and M. Begon. 1987a. Reproductive variation and adult size in two co-occurring
grasshopper species. Ecological Entomology 12: 119-127.
Atkinson, D. and M. Begon. 1987b. Ecological correlations and heritability of reproductive variation in two co-occurring grasshopper species. Ecological Entomology 12: 129-138.
Belovsky, G. E., B. J. Slade, and B. A. Stockhoff. 1990. Susceptibility to predation for different
grasshoppers: an experimental study. Ecology 71: 624-634.
Brodie, E. D. III. 1992. Correlation selection for color pattern and antipredator behavior in the garter
snake Thamnophis ordinoides. Evolution 46: 1284-1298.
Chapman, R. F. (Editor). 1998. The Insects - Structure and Function - 4th Edition. Cambridge
University Press. Cambridge, United Kingdom. 770 pp.
Chappell. M. A. 1983 Thermal limitations to escape responses in desert grasshoppers. Animal
Behaviour 31, 1088-1093.

323

Cherill, A. J. and M. Begon. 1989. Predation on grasshoppers by spiders in sand dune grassland.
Entomologia Experimentalis et Applicata 50: 225-231.
Cherril, A. J. and V. K. Brown. 1990. The life cycle and distribution of the Wart-biter Decticus verrucivorus (L.) (Orthoptera: Tettigoniidae) within a chalk grassland in southern England. Biological
Conservation 53: 125-143.
Danner, B. J. and A. Joern. 2004. Development, growth, and egg production of Ageneotettix deorum
(Orthoptera: Acrididae) in response to spider predation risk and elevated resource quality.
Ecological Entomology 29: 1-11.
de Jong, P. W., S. W. S. de Gusseklpp, and P. M. Brakefield. 1996. Differences in thermal balance,
body temperature and activity between non-melanic and melanic two-spot ladybird beetles (Adalia
bipunctata) under controlled conditions. Journal of Experimental Biology 199: 2655-2666
Dingle, H., T. A. Mousseau, and S. M. Scott. 1990. Altitudinal variation in life cycle syndromes of
California populations of the grasshopper, Melanoplus sanguinipes (F.). Oecologia 84: 199-206.
Endler, J. A. 1991. Interactions between predators and prey. pp. 169-196. In, Krebs, J. R. and Davies,
N. B. (Editors). Behavioral Ecology, 3rd edition. Blackwell, Publishers. Oxford, England, U.K.
456 pp.
Endler, J. A. 1995. Multiple trait coevolution and environmental gradients in guppies. Trends in
Ecology and Evolution 10: 22-29.
Forsman, A. 1995. Heating rates and body temperature variation in melanistic zizzag Vipera berus:
does color make a difference? Annales Zoologici Fennici 32: 365-374.
Forsman, A. 1997. Thermal capacity of different color morphs in the pygmy grasshopper Tetrix subulata. Annales Zoologici Fennici 34: 145-149.
Forsman, A. 1999a. Reproductive life history variation among color morphs of the pygmy grasshopper Tetrix subulata. Biological Journal of the Linnean Society 67: 247-261.
Forsman, A. 1999b. Variation in thermal sensitivity of performance among color morphs of a pygmy
grasshopper. Journal of Evolutionary Biology 12: 869-878.
Forsman, A. 2000. Some like it hot: intra-population variation in behavioral thermoregulation in the
color-polymorphic pygmy grasshoppers. Evolutionary Ecology 14: 25-38.
Forsman, A. and S. Appelqvist. 1998. Visual predators impose correlation selection on prey color
pattern and behaviour. Behavioural Ecology 9: 409-413.
Forsman, A. and A. Appelqvist. 1999. Experimental manipulation reveals differential effects of color
pattern survival on survival in male and female pygmy grasshoppers. Journal of Evolutionary
Biology 12: 391-401.
Forsman, A. and R. Shine. 1995. The adaptive significance of color pattern polymorphism in the
Australian scincid lizard Lampropholis delicata. Biological Journal of the Linnean Society 55:
273-291.
Gilchrist, G. W. 1996. A quatitative genetic analyses of thermal sensivity in locomotor performance
curve of Aphidius ervi. Evolution 50: 1560- 1572.
Güner, A., M. Vural, and K. Sorkun. 1987. Rize florası, vejetasyonu ve yöre ballarının polen analizi. Türkiye Bilimsel ve Teknik Araştırmalar Kurumu Matamatik, Fiziki ve Biyolojik Bilimler
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Anabasis, A. ochrodesma Heinrich, is from southeastern U.S. From China we describe a species new
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Anabasis Heinrich (1956) was erected for the New World species
A. ochrodesma Zeller that was thought to be closely related to Acrobasis Zeller
(Heinrich, 1956, p. 25; Neunzig, 1986, p. 71). Anabasis was previously only
known to occur in southeastern United States and, according to Neunzig (1986),
the range of the type species, A. ochrodesma (Zeller), extends from southern
Florida and South Carolina in the U.S.A. to northern South America. Up to now,
Anabasis has remained monotypic and restricted to the New World.
In the present paper, this genus is recorded for the first time from China. We
describe a new species, A. fusciflavida, and create one new combination,
A. infusella (Meyrick), which is a new distribution record for China. Also, we
provide a detailed redescription of A. infusella and illustrate its genitalia. Both
A. fusciflavida and A. infusella are limited to southern China.
Anabasis is characterized by having forewings with an antemedial scale ridge,
the base of M2 and M3 approximate for a very short distance, hindwings with
basal half of M2 and M3 approximate or anastomosed (Fig. 1), and male genitalia
with a transverse, sclerotized ridge from the terminal end of sacculus to the base
of costa. Anabasis belongs in a group of genera, including Acrobasis Zeller, that
share the presence of conspicuously enlarged and angulate male antennae (Heinrich, 1986).
Material of A. ochrodesma was not examined; illustrations in Heinrich (1956)
and Neunzig (1986) were used for comparative purposes. The type of A. infusella was not examined; its identity follows Roesler (1983), who presumably studied the type specimens deposited at The Natural History Museum (London), as
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well as illustrated the adults and genitalia. Types of A. fusciflavida and specimens
examined of A. infusella are deposited in the Institute of Zoology, Chinese
Academy of Sciences in Beijing.

Fig.1. Venation of A. infusella (Meyrick).

KEY TO THE SPECIES OF ANABASIS HEINRICH FROM CHINA
1. Forewing with inside of antemedial line bordered by one line, lateral arms of
juxta shorter than gnathos, corpus bursa with two signa .................................
......................................................................................A. fusciflavida sp. nov.
Forewing with inside of antemedial line bordered by three narrow lines, lateral arms of juxta longer than gnathos, corpus bursa with one signum ..........
.......................................................................................A. infusella (Meyrick)
Figs. 2-7. Anabasis fusciflavida sp. nov.; Figs. 8-13. Anabasis infusella (Meyrick). 2, 8.
Male adults; 3, 9. Female adults; 4, 10. Male genitalia without aedeagus; 5, 11. Eighth
sternites; 6, 12. Eighth tergites; 7, 13. Aedeagus.

Anabasis fusciflavida Du, Song and Wu, NEW SPECIES
(Figs. 2-7, 14)
Diagnosis: This new species is very similar to the Nearctic Anabasis ochrodesma (Zeller), from which it can be distinguished by following characters: 1)
forewing with underside gray, costa without blackish fuscous dot; (2) female
genitalia with ductus bursae shorter than corpus bursae, ductus seminalis inserted at the anterior end of the corpus bursae. In A. ochrodesma, the ductus bursae
is longer than the corpus bursae, and the ductus seminalis is inserted at the posterior end of corpus bursae.

Description (Figs. 2-3): Wingspan 15.5-19.0 mm. Vertex covered with blackish fuscous rough
scales. Antennae of male with cilia significantly shorter than width of shaft, cilia of female shorter
than male’s. Labial palpus extended slightly above vertex, covered with white and black scales; male
with the second segment 2 times length of the first, and 1.5 times of the third, whereas female with
the second segment 2.5 times length of the first, and 1.2 times of the third. Both color and length of
maxillary palpus same as that of the third segment of labial palpus. Forewing three times as long as
wide, with ground color mouse gray; antemedial ridge straight, 1/4 away from the basal, consisting
of raised black scales outside and yellowish scales inside; postmedial line zigzagged and whitish,
both inside and outside bordered with narrow, blackish fuscous line; discal spots black, separate from
each other. Hindwing translucent, with cilia white to gray.
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Male genitalia (Figs. 4-7). Uncus triangular, almost as long as wide. Gnathos 2/3 length of uncus,
with base expanded and apex hooked. Transtilla with posterior margin slightly concave. Valva three
times as long as wide, base with a digitiform clasper, which is connected with the transverse, sclerotized ridge; cucullus narrowly rounded; costa straight, sclerotization with basal 2/3rds broad and distal 1/3rd thin, not reaching apex of valva; sacculus with basal half wide and distal half thin, 0.6 times
length of valva, underside of sacculus bordered with a line of setae. Juxta V-shaped, well sclerotized,
with short setae on lateral arms. Vinculum U-shaped, as long as greatest width, with anterior margin
somewhat concave. Aedeagus with one side concave. Eighth tergite and sternite U-shaped.
Female genitalia (Fig. 14). Ovipositor short. Anterior apophyses same length as posterior apophyses. Eighth tergite 2/3 times as long as wide. Ductus bursae membranous, short and thin. Corpus bursae membranous, pear-shaped, three times as long as ductus bursae and with micro-spines in posterior half, signum as a scobinate invaginated cup at anterior half of corpus bursae. Ductus seminalis
inserted at anterior end of corpus bursae.
Holotype: male, Sichuan: Fengdu (610 m), 1994. X. 05, Shimei Song. Paratypes: 1%, Hubei:
Shennongjia (180 m), 1987. VIII. 04, Yinheng Han; 5%%, 17$$, same data as holotype; 1%, 1$,
Sichuan: Emei (800-1000 m), 1957. IV. 27, Fuxing Zhu; 1$, Sichuan: Wanxian (1200 m), 1994. IX.
27, Shimei Song; 1$, Yunnan: Xishuangbanna (650 m), 1962. V. 19, Shimei Song; 1$, Yunnan:
Xishuangbanna (1200-1600 m), 1958. VII. 19, Shuyong Wang.
Distribution: China (Hubei, Sichuan, Yunnan).
Etymology: The specific name refers to the yellowish fuscous antemedial scale ridge.

Anabasis infusella (Meyrick, 1879) NEW COMBINATION
(Figs. 8-13, 15)

Figs. 14-15. Female genitalia. 14. Anabasis fusciflavida sp. nov.; 15. Anabasis infusella
(Meyrick).
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Nephopteryx infusella Meyrick, 1879: 218.
Copamyntis infusella (Meyrick, 1879): Roesler and Küppers, 1981: 40-41.
Diagnosis: A species with short wingspan, with obscure postmedial line and
discal spots; valva with one group of setae, sacculus with one group of scales and
two groups of setae; corpus bursae gourd-form, with two signa, one U-shaped,
composed of toothlike spines and at the posterior end of corpus bursae, the other
nipplelike, consisting of scobinations and at the anterior end of corpus bursae.
Redescription (Figs. 8-9): Wingspan 14.0-15.5 mm. Vertex with appressed fuscous scales. In
male, labial palpus distinctly above vertex, but in female it hardly reaches vertex; box sexes with labial palpus fuscous, sprinkled with many white scales; the second segment 2 times length of the basal,
and 1.5 times length of the terminal. Maxillary palpus short, about as long as the first segment of labial palpus. Forewing grayish fuscous, basal area yellowish fuscous; antemedial scale ridge arched,
fuscous, preceded respectively by a narrow whitish line, a black fuscous thin line and a white thin
line, followed by a narrow yellow line; postmedial line gray, indistinct, preceded by a black fuscous
line and curved inwardly at vein R2; discal spots indistinct. Hindwing yellowish gray, veins and margin yellowish fuscous.
Male genitalia (Figs. 10-13). Uncus as long as wide, apex rounded. Gnathos about half length of
uncus, with base broad and tapered apically. Transtilla with posterior margin somewhat concave.
Valva with greatest width medially, cucullus narrowly rounded; the transverse, sclerotized ridge connected with the knoblike clasper, terminal end near sacculus with one group of setae; sacculus narrow and long, curved ventrally as two protuberance at basal 1/3 and basal 2/3, and respectively with
a group of scales and setae, terminal end curved ventrally as a hook and with a group of setae. Juxta
with well sclerotized lateral arms and acute apices. Vinculum U-shaped, longer than greatest width,
posterior margin slightly wider than anterior margin. Aedeagus cylindrical. Eighth tergite and sternite U-shaped.
Female genitalia (Fig 15). Apophyses anterior and apophyses posterior both longer than those in
other species of this genus, and the anterior apophyses at most 2/3 times length of the posterior
apophyses. Ductus bursae short, only 1/3 times as long as corpus bursae, anterior half with microspines. Corpus bursae cucurbit-shaped, posterior half with micro-spines, with two signa, one Ushaped, composed of thornlike spines, and at posterior end near junction with ductus bursae, the other
nipplelike, composed of scobinations at anterior end of corpus bursae. Ductus seminalis inserted in
middle of corpus bursa.
Material examined: 8%%, 2$$, Guangdong: Guangzhou (50 m), 1958. VII. 12. ~ IX. 19, Linyao Wang and Baolin Zhang.
Distribution: China (Guangdong); Bhutan, Sikkim, India, Sri Lanka, Malaysia, Sumatra, Java,
Australia (Queensland).

Remarks: Anabasis Heinrich seems to be closely related to Copamyntis
Meyrick based on the enlarged angulate male antennae and the transverse sclerotized ridge on the valva in the male genitalia. Anabasis can be distinguished
from the latter by the triangular scape of the male antenna, the sclerotized
transtilla, and the approximated base of M2 and M3 on the forewing. In
Copamyntis, the scape of the male antenna is expanded and trifurcate apically
(Roesler, 1983, Tafel 19: Fig. 49), the transtilla is not sclerotized, and M2 and M3
of the forewing are stalked about half. Based on characters of the male antenna
and venation, we concluded that infusella should not be placed in Copamyntis,
and we transfer it to Anabasis. This species is reported for the first time in China.
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Cecilia Cuatianquiz2 and Carlos Cordero3
ABSTRACT: Understanding the ecological causes and evolutionary consequences of female multiple
mating is an important topic of current research. Insects have been used as model systems in this area
due to their great variation in number of copulations and mates per female. Experiments with the true
bug, Stenomacra marginella, indicate that, the day following their first copulation, most females will
remate either with their first mate or with a different male, whether he is virgin or had mated the previous day. Field data show that a substantial proportion of females mate multiple times. These results suggest that post-copulatory sexual selection may be important in S. marginella; this idea provides testable
hypotheses to explain different aspects of the mating behavior of this species.

Heinrich, C. 1956. American moths of the subfamily Phycitinae. United States National Museum,
Washington, D.C., U.S.A. 207: 1-588. 1138 Figs.

KEY WORDS: Copulation, polyandry, repeated mating, Heteroptera, central Mexico

Meyrick, E. 1879. Descriptions of Australian Microlepidoptera. II. Crambites (continued) Proceedings of the Linnean Society of New South Wales 4: 205-242.

Multiple mating is common in female insects, although there is wide intra- and
inter-specific variation in the number of copulations and mates per female (Thornhill and Alcock, 1983; Arnqvist and Nilsson, 2000). The benefits of polyandry to
females also vary between insect species (Thornhill and Alcock, 1983; Arnqvist
and Nilsson, 2000; Jennions and Petrie, 2000), and it is also possible that multiple
mating by females is a product of antagonistic male adaptations that result in suboptimal female mating rates (Holland and Rice, 1998). The degree of polyandry is
a key variable for understanding the nature and strength of sexual selection (Eberhard, 1996; Danielsson, 1998), and the evolution of mating systems (Thornhill and
Alcock, 1983). For these reasons it is important to assess the natural levels of
polyandry, as a first step towards understanding mating systems. In this paper we
present the results of experimental and field studies on multiple mating by females
of the true bug Stenomacra marginella (Herrich-Schaeffer).

Neunzig, H. H. 1986. The moths of America north of Mexico including Greenland. Pyraloidea: Pyralidae (part) Phycitinae (Part-Acrobasis and allies). Wedge Entomological Research Foundation.
Washington, District of Columbia, U.S.A. 15(2): 1-112.
Roesler, R. U. 1983. Die Phycitinae von Sumatra (Lepidoptera: Pyralidae). In, Diehl, E. W.
(Herausgeber). Heterocera Sumatrana 3: 136S, 15 Farbtafel, 54 Schwarze und Weiss Tafel, Karlsruhe.
Roesler, R. U. and P. V. Küppers. 1981. Beiträge zur Kenntnis der Insektenfauna Sumatras. Teil 9.
Die Phycitinae von Sumatra. Taxonomie Teil B. Ökologie und Geobiologie.- Beitraege zur Naturkundlichen Forschung in Suedwestdeutschland 4: 282S, 4 Text Abbildung, 42 Tafel; Karlsruhe.
*

METHODS
Stenomacra marginella (Herrich-Schaeffer) occurs at high population densities
in several localities in central México, mainly in areas with heavy human impact
(Cibrián-Tovar et al., 1995). It is a univoltine species whose fifth instar nymphs
molt more or less synchronously into adults, but remain sexually inactive for about
a month (Cuatianquiz et al., 2003). In Tlaxcala, central Mexico, the mating season
usually begins in May, when a frenzy of sexual activity is observed, and lasts until
September (Cuatianquiz et al., 2003). The male mating system is “scramble competition polygyny” (Thornhill and Alcock, 1983) in which males search for females
and court them without interacting aggressively with other males (Cuatianquiz et
al., 2003); males also court females during copulation (Eberhard, 1994; Cua______________________________
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tianquiz et al., 2003). Females frequently reject males, mainly towards the end of
the mating season. Females lay multiple batches of 30-40 eggs, beginning several
days after mating.
Female Remating Experiment
Virgin females and males were collected as sexually inactive adults previous to
the mating season (see previous section) in the population of San Matías
Tepetomatitlán, Tlaxcala, and brought to the Centro Tlaxcala de Biología de la
Conducta in the city of Tlaxcala. Virgin individuals were kept in unisexual groups
(females in a glass cage—55.5 x 25 x 30 cm—and males in two 3 liter plastic bottles) and fed with Buddleia cordata (Loganiaceae) fresh leaves and a solution of
water with 20 g of sugar, ~0.2 ml of hydrolyzed vegetal protein (eight drops of
“Jugo Maggi” ™) and 37 ml of raw egg white (amounts needed to produce 100 ml
of solution) absorbed in small balls of cotton that we changed every other day.
Matings were obtained by placing a female and a male in a glass Petri dish (10 cm
diameter x 2 cm height) between 11 and 12 in the morning, when a peak of mating
activity occurs in the field.
The remating experiment was performed during the mating seasons of 2002 and
2003, according to the following protocol: (1) Virgin females were mated with virgin males. (2) After mating, females were isolated overnight in plastic Petri dishes
(10 cm diameter x 1.5 cm height) with food. (3) The following day, mated females
were allocated to the following treatments: (a) Repeated copulations (n2002 = 24,
n2003 = 31): females were re-exposed to their first mate; (b) Polyandry VM (n2002 =
52, n2003 = 64): females were exposed to a new virgin male; and (c) Polyandry MM
(n2002 = 25, n2003 = 30): females were exposed to a male that had mated for the first
time in his life the previous day with a different female. If the female did not remate
within one hour, the pair was separated and the female was exposed to the same
type of male, once a day for 1 hour (at most two more days).
Female Remating in the Field
This study was done in the population of the Rectoría campus of the UAT, in the
city of Tlaxcala, in two isolated trees of Buddleia cordata with large numbers of S.
marginella. A total of 792 females and 792 males were marked individually in
2002, and 396 females and 396 males in 2003, during the pre-reproductive phase;
marks were numbers written with nontoxic watercolor paint (Vinci™) on the corium of one or both anterior wings. During the mating season, between one and four
daily scanning samplings were made during 45 days in 2002, and between one and
two daily scanning samplings during 45 days in 2003; samplings were made during the daytime since there is almost no activity during the night (personal observation). During each scan, the identities of marked females that were copulating on
the trunk, branches and leaves that were within the observer’s field of vision standing on the ground (i.e., up to about two m) were recorded, along with the identity
of the mating male, when he was marked.
RESULTS
Female Remating Experiment
In both replicates of the laboratory experiment (2002 and 2003), most females
(92%) remated the day following the first copulation, irrespective of whether it was
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the same male they copulated with for the first time (Repeated copulations: 23/24 in
2002 and 29/31 in 2003), or a different male, or whether he was virgin (Polyandry
VM: 47/52 in 2002 and 58/64 in 2003) or had mated the previous day (Polyandry
MM: 24/25 in 2002 and 28/30 in 2003). Two Polyandry VM and one Polyandry MM
females remated two days after their first copula and one Polyandry VM female
three days after her first copula. Fourteen females (6.2%) did not remate in any of
the three days they were exposed to males (Repeated copulations: n = 3; Polyandry
VM: n = 9; Polyandry MM: n = 2). No significant differences between-years in the
frequency of females remating within each treatment were observed (Two-tailed
Fisher’s exact probability tests; Repeated copulations: P = 1; Polyandry VM: P =
0.73; Polyandry MM: P = 1), nor between treatments (G = 0.64; P > 0.7; df = 2; data
of both years pooled).
Female Remating in the Field
In the field, many marked females were not resighted; an estimate of the proportion of these females is not possible because only marked females that were copulating were recorded. In 2002, 206 marked females (26%) were observed copulating at least once, and 46 (22.3% of the copulating females) were observed mating
more than once (between 2 and 5 times; median [25% quartile—75% quartile] = 2
[2—3]). In 2003, 56 marked females (14.1%) were observed copulating at least
once, and five (8.9% of the copulating females) were observed mating more than
once (between 2 and 5 times; median [25% quartile—75% quartile] = 2 [2—4]). In
2002 there were greater observed frequencies of mated females (X2 = 21.63; P <
0.0001; df = 1) and of multiply mated females (X2 = 5.04; P = 0.025; df = 1) than in
2003. These differences were probably due to the fact that the sampling effort was
lower in 2003 (see methods). Unfortunately, despite the relatively high number of
males marked in both years (n = 1188), most of the multiply mated females were
observed copulating with unmarked males (46/51), so we cannot be sure if they
mated with different males. Only five females were observed mating with one
marked male and one or more unmarked males; one of these polyandrous females
was observed copulating three times with the same marked male in different days
and once with an unmarked male.
Discussion
According to commonly used standards (Thornhill and Alcock, 1983), females of
S. marginella are polyandrous and, at least sometimes, copulate repeatedly with the
same male. However, our estimates have several possible sources of bias. In the
experiment it is possible that confinement of the pair in a small space (10 cm diameter x 2 cm height; adult body length varies between 12 and 15 mm) resulted in
abnormally high remating rates if females were not able to exhibit the behaviors
used in the field to avoid unwanted copulations (e.g., run away from males). Although we cannot discard this possibility, males do not seem to be able to force
females to mate because intromission requires that females open their valvae and
males are not able to force them to open (Moreno, 2005). Furthermore, females can
reject males by raising their abdomen making it impossible for males to reach the
tip (because of their smaller size), and males usually stop harassing females after
several minutes of failed attempts of mating. In the field study, logistic constraints
resulted in a suboptimal sampling effort that may have led to underestimation of
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remating rates because copulations could have been missed between observations
(in the laboratory copula duration varies widely; in a sample of 12 couples of virgin males and females copulation lasted a median [minimum—maximum] of 95
[7—343] min). Furthermore, the higher parts of the trees were not sampled and
many marked females were observed moving up the trees. Another problem was
that, although almost twelve hundred males were marked, most copulations observed involved unmarked males, probably because of the relatively high mobility
of the males and the extremely high population density.
Independent of the exact level of polyandry in S. marginella, our results suggest
that in the population studied there is potential for post-copulatory sexual selection.
In particular, sperm competition could be intense because the period of time
between copulation and egg laying is long (for example, in a sample of 21 twice
mated females the median [25% quartile—75% quartile] number of days between
second copulation and laying a first batch of eggs was 15 [10—20]) and, therefore,
increases the probability of mating with multiple males previous to egg laying.
Polyandry can also result in opportunity for cryptic female choice in S. marginella
and the existence of copulatory courtship (Eberhard, 1994; Cuatianquiz et al.,
2003) is consistent with this expectation (Eberhard 1994, 1996).

MONOLEPTA ANATOLICA BEZDEK, 1998
(COLEOPTERA: CHRYSOMELIDAE): A NEW PEST ON
SOME STONE FRUIT TREES (ROSACEAE) IN TURKEY1
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Ali Gök,2 Ebru Gül Aslan,2 and Baran Aslan3
ABSTRACT: Monolepta anatolica Bezdek, 1998, a little known galerucine hitherto known only
from Turkey, is reported as a new pest of some stone fruit trees (Rosaceae) such as peach [Prunus
persica (L.)], almond (Amygdalus communis L.), plum (Prunus divaricata Ledeb.), and pear (Pyrus
eleagrifolia Pall.) in Turkey. Surveys conducted during June-August 2005 in two selected stations in
Isparta (southern Turkey), showed large M. anatolica adult population densities (over 5,000 beetles
per tree), particularly on leaves of almond trees. By the end of August 2005, the level of injured
almond leaves reached almost 99%, and 74% in peach leaves.
KEY WORDS: Galerucinae, Monolepta anatolica, pests, stone fruit trees, Turkey

Monolepta Chevrolat, 1837 is the largest genus of the Galerucinae comprising
about 600 species worldwide (Wagner, 2004). The genus is poorly represented in
Palearctic region as most of the species are distributed in tropical regions
(Lopatin, 1984). Monolepta differs from the other galerucine genera by its basally blackened first tarsomere of the hind tarsi. The first tarsomere of the hind legs
is about three times longer than the second and third altogether (Warchalowski,
2003).
Monolepta anatolica Bezdek was described from the southwest coast of
Turkey in 1998 and it is the third Mediterranean species of this genus. This
species is easily recognized by its soft and entirely pale flavous body. The specimens we collected are about 3.2-4.3 mm long, in almost perfect agreement with
what Bezdek (1998) reported (3.3-4.2 mm). All other morphological characters
and genitalia figures were as in Bezdek (1998). The other two described Mediterarnean species of Monolepta are: M. lepida Reiche from Israel and M. heydeni
Joannis from Egypt (Warchalowski, 2003). While Bezdek (1998) described the
species, no available data about the ecology and host plants of M. anatolica were
available until the present paper.
During the 2004 survey of chrysomelids from the Isparta region (Turkey), we
came upon a large population of M. anatolica adults. As far as we are aware,
M. anatolica had not been collected since 1998. Adults were flying around peach
[Prunus persica (L.)] and almond (Amygdalus communis L.) trees in such quantities that we were reminded of the solitary wave phenomenon (Kovalev, 2004).
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Monolepta anatolica adults were first found in July 2004, feeding densely on
the leaves of peach and almond trees (Fig. 1). Thereafter (mid August 2004), beetles were also observed on plum (Prunus divaricata Ledeb.) and pear (Pyrus
eleagrifolia Pall.) trees in different field surveys. After recognizing that M. anatolica is a new pest of some stone fruit trees, in 2005 we conducted regular observations in two selected stations, one including almond, the other peach trees, to
determine the population density of M. anatolica and its degree of damage to
stone trees. This paper extends the geographical distribution of this species to the
west along the Mediterranean coast of Turkey and provides extensive ecological
data about M. anatolica.

Yellow sticky traps (0.1 cm thick, 20 x 20 cm) were used for monitoring M.
anatolica populations (Fig. 1). Five trees, each about 2.5-3.0 m high, were selected randomly in each station. Three traps were hung on each of the five selected
trees: the first located 1.0-1.25 m above ground, and the other two placed about
0.5 m above the first, in opposite sites of the tree. The trees were observed weekly and the traps were replaced with the fresh ones. Sampling was performed at
the same dates for both stations. In the laboratory, beetles were counted manually with the help of a forceps. The number of beetles for each tree and the total
number of beetles for the sampling date were recorded.

Fig. 2. Yellow sticky trap used for sampling M. anatolica.
Fig. 1. Feeding adults of M. anatolica and its damage typical on Prunus persica (L.)

METHODS
Weekly samplings of seriously attacked by M. anatolica affected stone trees
were carried out from mid June to the end of August 2005 at two stations located in Isparta province of Turkey. The first station is a natural arid area of about
0.1 ha, mainly dominated by almond trees (elevation 1126 m, 37° 50' 39" N, 30°
28' 02" E). The second station is a peach orchard of about 0.05 ha located near a
stream bank (elevation 859 m, 37° 39' 38" N, 30° 39' 15" E). The stations are 40
km apart from each other and both of them received no pesticide applications
during the study period.

In order to determine the percent damage, that is the number of leaves showing feeding marks caused by M. anatolica adults (Fig. 1), 100 leaves were randomly collected from each tree at each sampling site. In total, 10,000 leaves were
collected from both stations. The injured leaves were counted and used to estimate the ratio of damage for every sampling. Except for M. anatolica adults, no
other herbivorous insects (including M. anatolica larvae) were observed on the
sampled tress, during whole study.

RESULTS AND DISCUSSION
The first M. anatolica adults appear in early June. At first, adults especially
prefer feeding on fresh leaves located in upper parts of the trees but in early July
beetles disperse to other parts of the tree. The highest population density of M.
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anatolica adults was recorded in mid July 2005 for peach, and in late July 2005
for almond. The adult population size and percentage of injured leaves in peach
and almond trees during the sampled dates are shown in Figures 3 and 4. While
the adult populations of M. anatolica experience a rapid rise and decline, the percentage of injured leaves grows asymptotically and stabilizes as the density of M.
anatolica adults declines.

A total of 40,978 beetles were collected in this study: 27,341 on almond and
13,637 on peach. We do not know whether there are within-tree spatial differences in the population densities of M. anatolica. The average number of beetles
per tree was higher in almond (5468.2, sd = 1703.5, n = 5) than in peach (2727.4,
sd = 990.4, n = 5, p-value: approx. 0.01, t-test, http://www.changbioscience.com/
stat/ttest.html). We need to perform host plant feeding experiments on unexcised
leaves (Santiago-Blay and Blay-Sálomons, 2004) to determine the true extent of
the host-feeding of M. anatolica. The differences in population density of
M. anatolica adults may reflect environmental, genetic, and/or random effects.
Monolepta anatolica can cause extreme damage to host plants by feeding
upon nearly all leaves. For instance, the injury level may be as high as 99% of
the leaves on almond trees. Beetles cause highly visible damage such that in the
end of August they are almost without any leaves (Fig. 5). This level reaches
about 74% of the leaves on peach trees (Fig. 6).
Evidently, M. anatolica has the potential of becoming an important pest of
some stone fruit trees, including almond, peach, pear, plum, and other rosacean
stone fruit trees in Turkey and in locations with Mediterranean climates worldwide (http://en.wikipedia.org/wiki/Mediterranean_climate), including the agriculturally important California (U.S.A.). Further studies must be performed on
the biology of M. anatolica.

Fig. 3. Population and injury levels of M. anatolica on almond trees from mid June to the
end of August 2005.

Fig. 4. Population and injury levels of M. anatolica on peach trees from mid June to the
end of August 2005.

Fig. 5. Overall view of an almond tree damaged by M. anatolica by the end of August
2005.
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SCIENTIFIC NOTE

POSSIBLE IMPLICATIONS OF TWO NEW ANGIOSPERM
FLOWERS FROM BURMESE AMBER (LOWER
CRETACEOUS) FOR WELL-ESTABLISHED AND
DIVERSIFIED INSECT-PLANT INTERACTIONS1
Jorge A. Santiago-Blay,2 Scott R. Anderson,3 and Ronald T. Buckley4
ABSTRACT: Two undescribed flowers in Burmese amber, and additional evidence herein discussed, support the inference that substantially diverse forests, possibly with well-established and
diversified insect-plant interactions, were already established and preserved some 100 Ma.
KEY WORDS: Lower Cretaceous, fossil, Burmese amber, insect-plant interactions, angiosperms,
Pseudopolycentropodidae

Fig. 6. Percentage of damage for almond and peach trees caused by M. anatolica.
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Cretaceous insect and/or plant fossils are important because they can be used
to test various hypotheses regarding the timing of insect-plant associations
(Labandeira 2005a, b). The morphological features, detailed elsewhere (Santiago-Blay et al., in preparation), of two different flowers entombed in Burmese
amber (circa 100 Ma), suggest that insect-plant interactions were well established and diversified at least 100 Ma in southeastern Laurasia. Briefly, those features include the presence of a shallow bowl (sb) at the base of the gynoecium in
one flower (Fig. 1) as well as conspicuously abundant pilosity (p), a tubular
gynoecium (g), and possible food sources (fs) on the other (Fig. 2). While these
flowers do not constitute by themselves definitive proof of entomophilly, they
are suggestive of well-established and diversified insect-plant interactions, as
such specialized morphological features are often associated with entomophillous flowers (e.g. Barth 1985, Endress 1994, Faegri and van der Pijl 1971,
Meeuse and Morris 1984, Proctor et al., 1996).
As far as we are aware, only four angiosperms have been (or are being formally) described from Burmese amber (Poinar 2004, Poinar et al. accepted,
Santiago-Blay et al., in preparation) based on flowers. Other fossilized botanical
inclusions are known for Burmese amber, including “hepatophyte thalli, an
archegoniophore of Marchantiaceae, and leafy shoots of Metasequoia” (Grimaldi et al., 2002) and additional materials in the collections of authors SRA and
RTB (Santiago-Blay et al., in preparation). Specimens lacking reproductive
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structures can be difficult to identify due to the absence of diagnostic and/or
synapomorphic characters as well as their incomplete nature.
Beetles, flies, moths, wasps, etc. [Antropov (2000), Grimaldi and Engel
(2005), Rasnitsyn and Ross (2000), Ross and York (2000), and others] have already been documented in Burmese amber, although it is difficult to determine
which ones were actual pollinators. In the case of the two flowers illustrated
(Figs. 1-2), insects could have used them as feeding stations. The flower with a
shallow bowl at the base of the gynoecium (Fig. 1), could have been nectared or
pollinated by a primitive flower fly (Labandeira 2005c) or by a generalist winged
insect. Though not yet proven as a definitive pollinator, an undescribed member
of the Pseudopolycentropodidae (Diptera, Fig. 3) exhibits an unusually long,
slender, and rigid proboscis, suggesting an already established association with
plants (thought probably not the flowers herein illustrated), for nectar probing
(Anderson, pers. comm. to Santiago-Blay, October 2005). Furthermore, Labandeira (1998, 2000, 2002) has shown that pollination syndromes have a geological record extending as far back as the Early Cretaceous.
There is a huge body of literature on insect-plant interactions and its presumed
connection with the rise of angiosperms. While such interactions probably are
partially associated with the geologically sudden rise of angiosperm biodiversity, other cases suggest that some insect-plant interactions predate and/or are

unrelated with the rise of angiosperms (Gorelick 2001, Labandeira 1998, Lloyd
1992).
As for the botanical source of amber from Burma, Grimaldi et al. (2002) indicated that “Metasequoia is possibly the source of the amber” [modern classifications tend to place Metasequoia in the Cupresaceae (Judd et al., 2002)]. Studies
with solid state nuclear magnetic resonance spectroscopy using the carbon 13
nucleus suggest that burmite and other fossil resins belong to a large, worldwide
assemblage (Group B, Lambert and Poinar 2002). Some of the Group B resins
perhaps belong in the Dipterocarpaceae (modern resins, Group D, Lambert et al.,
2002) although this has not been firmly established. Other geographic sources for
Group B fossil resins include Borneo, Sumatra, Australia, Papua New Guinea,
India, and North America. Nevertheless, Group B fossil resins are spectroscopically distinct from the partially sympatric Agathis-related plants (fossil resins,
Group A of Lambert et al., 2002; modern resins, group CA, Cupressaceae and
Araucariaceae of Lambert et al., 2005).
A handful of flowers have been described from other younger amberiferous
formations in the Dominican Republic and/or the Baltic region, including the
families Araceae (Bogner 1976), Arecaceae (Poinar 2002), Fagaceae (Mai 2003),
and Leguminosae (Poinar and Brown 2002). Interestingly, no flowers have yet
been described from Lebanese amber (Poinar and Milki 2001), which is Aptian
(Grimaldi et al., 1993) to Hauterivan (Roth et al., 1996), approximately 120-135

Fig. 1. Flower in Burmese amber showing its possible entomophillous traits. The shallow
bowl (sb) at base of the gynoecium may have been a site for insect feeding. Photo taken
by author Ronald T. Buckley.

Figs. 2. A second flower in Burmese amber showing their possible entomophillous traits.
Note tubular gynoecium (g), abundant pilosity (p), and possible food sources (fs). Both
flowers illustrated in this paper are deposited in the private collection of Ron T. Buckley.
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ABSTRACT: Chlaenius tomentosus, Cicindela punctulata, and Scarites subterraneus (Coleoptera:
Carabidae) were evaluated in the laboratory for their ability to survive on a diet of either live or dead
lepidopteran larvae (Spodoptera frugiperda) as compared to the absence of food. All three species survived at least twice as long on prey, alive or dead, than on a regime without food. The significance of
this finding is discussed.
KEY WORDS: Chlaenius tomentosus, Cicindela punctulata, Scarites subterraneus, Carabidae, Spodoptera frugiperda , Lepidoptera, predation, scavenging, agronomic

Numerous studies have documented the role of ground beetles (Coleoptera:
Carabidae) as predators of arthropods in a variety of habitats and ecosystems (e.g.
Desender et al., 1994). The ability of carabids to also function as scavengers of
dead arthropods is not well documented, as has been frequently noted (e.g. Lovei
and Sunderland 1996). This dearth of information is most evident in agricultural
situations, though scavenging may be a frequent and important phenomenon. The
utilization of dead insects in row crop situations in one instance has been examined,
but carabids were unfortunately not common in the particular area studied (Young
1984a). The purpose of this experiment is to examine the capability of three common and widely distributed carabid species to utilize and survive on a diet of larvae (live or dead) of several lepidopteran crop pests.
METHODS
Individuals of each of three species of Carabidae (Coleoptera) were evaluated in
the laboratory for their ability to maintain themselves on an exclusive diet of either
dead or live lepidopteran larvae, as compared to a regime of no food. Those carabid species were (1) Chlaenius tomentosus (Say), (2) Cicindela punctulata Olivier,
and (3) Scarites subterraneus (Fab.).
Beetles were captured during the period 24 Mar to 16 June 1982 in a walk-in
UV-light trap 6 km NW of Tifton, Tift Co., Georgia. This trap was surrounded by
fields planted in peanuts, corn, and soybeans. Individuals were brought into the laboratory and placed in separate 17 x 12 x 6 cm clear plastic containers with tight-fitting lids. A sheet of paper toweling was cut to fit the bottom of the container and
moistened with water. Additional paper was crinkled and added to provide refuge
sites. Previous experiments had demonstrated no differences in longevity of a carabid predator of lepidopteran larvae in laboratory containers with or without soil
(Young 1985a).
______________________________
1

Submitted on December 16, 2004. Accepted on November 12, 2005.

2

U.S. Dept. Agriculture, Agric. Research Service, Southern Grain Insects Research Laboratory, P.O.
Box 748, Tifton, Georgia 31793 U.S.A. Present address: 9496 Good Lion Road, Columbia, Maryland
21045 U.S.A.
Mailed on January ???????, 2006

348

ENTOMOLOGICAL NEWS

Volume 116, Number 5, November and December 2005

Early in the season – 25-27 March 1982 – the first of the three carabid species
to become abundant – Chlaenius tomentosus – was tested for its ability to attack
and consume four species of lepidopteran larvae – fall armyworm (FAW), Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae); corn earworm (CEW), Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae); European corn borer (ECB),
Ostrinia nubilalis (Hubner) (Lepidoptera: Pyralidae); tobacco hornworm (THW),
Manduca sexta (L.) (Lepidoptera: Sphingidae). Based on the results of this preliminary experiment (Table 1), FAW larvae were chosen for exposure to all three carabid species.

RESULTS AND DISCUSSION
Data, presented in Table 2, indicates that all three adult beetle species were able
to survive at least twice as long on a diet of either live or dead lepidopteran larvae
when compared with a no-food regime. Grouping all three carabid species together (n = 79), the mean survival period for those without food (n = 26) was 34.9 days,
for those offered live FAW (n = 25) – 87.7 days, and those offered dead FAW (n =
28) – 83.3 days. Using the ANOVA Newman-Keuls Multiple Comparison test,
there were significant differences (n= 79; p < 0.05) between the no food regimes
and either the live or dead FAW feeding regimes. There were no significant differences in survival rates between live and dead FAW feeding regimes (n = 53,
Student’s t-test, P = 0.64), though survival was consistently longer in groups
offered live larvae. Chlaenius tomentosus survived the longest on larval food, the
last individual dying 131 days after initiation, compared with 63 days for the
longest surviving individual without food. Cicindela punctulata survived for the
shortest period of any of the three species, with 15 days the shortest period without
food and 42 and 45 days the shortest periods when offered alive or dead larvae respectively. From all appearances and based on published general descriptions of
carabid life-histories (e.g. Lovei and Sunderland 1996), it was assumed that all the
beetles were adults-of-the-year, initially in the early stages of adult vigor (not senescent), and representative of the species.
The survival values for several of the tested species compare favorably with
another carabid previously tested in the same manner. Calosoma sayi DeJean survived on average 112 days on a diet of coddled fall armyworm larvae (Young
1985a), and survived on average 58 days without food (Young and Hamm 1985).
Although Calosoma sayi is a member of a genus known as “caterpillar hunters,”
C. sayi has been demonstrated to consume a wide variety of non-lepidopteran prey
(Young 1984b) and may be similar in food habits to the carabids tested in this
experiment. A non-carabid species similarly tested, Necrodes surinamensis (F.)
(Coleoptera: Silphidae), though a predator and scavenger on larval insects, as well
as a consumer of vertebrate carrion, survived for a much shorter period - 4 days
without food, 20 days when offered coddled fall armyworm larvae (Young 1985b).
Each of the three species tested are common and widely distributed in the southeastern United States (Loding 1945, Fattig 1949, Kirk 1970), and belong to genera
that are well known as predators of arthropods (Balduf 1935). Chlaenius tomentosus – This genus belongs to a carabid subfamily containing mostly food generalists
(Hengeveld 1980), and some members of the genus are common in agricultural situations (Kirk 1970). This species is recorded as consuming various insects (stage
not noted), earthworms, fungi, and vegetal tissue (Larochelle 1974a). Cicindela
punctulata - Adults of the genus prey on a wide variety of living arthropods (Balduf
1935), with scattered anecdotal records of their feeding on dead arthropods and
even on dead vertebrates (Pearson and Vogler 2001). This species is univoltine with
larvae overwintering and adults appearing in June (Knisley and Schultz 1997).
Adults of this species are recorded as consuming numerous living adult carabid
species, as well as ants, grasshoppers, and lepidopteran larvae (Larochelle 1974b).
Scarites subterraneus – Adults of the genus are strictly predaceous (Dillon and
Dillon 1961). This species is recorded consuming larvae of elaterid, scarabaeid,
and coccinellid beetles (Balduf 1935).

Table 1. Exposure of Chlaenius tomentosus* to four species of lepidopteran
larvae**
Protocol

FAW

CEW

ECB

THW

# offered

10

10

10

10

# attacked

0

10

8

5

# consumed

10

8

4

0

% consumed

100

80

40

0

*Each of ten beetles, in separate containers, offered one larva (20-25 mm) of each
type; terminated after 24 hours.
* *FAW – fall armyworm
CEW – corn earworm
ECB – European corn borer
THW – tobacco hornworm
After beetles of the three species had been brought into the laboratory and spent
24 hrs in the aforementioned individual containers, each beetle was offered either
(1) two coddled (killed by placement in 90º C water for 5 minutes) 4-5th instar larvae (ca. 30 mm) of the FAW; (2) two alive FAW larvae (ca. 30 mm); or (3) no food.
Containers were maintained at ambient room conditions (ca. 25°C, 75% RH) and
placed so as to be exposed to outside photoperiod, examined every 3 or 4 days,
cleaned of debris, fresh moistened paper added, and the feeding regime continued.
Preparatory studies had indicated that more than two larvae offered every 3-4 days
resulted in some larvae unutilized. Experimental procedure for each beetle ended
upon death.
For each beetle species, 7 to 10 individuals were evaluated in each of the three
feeding regimes, with the date of individual death calculated to be halfway between
the last day observed alive and the first day observed dead (rounded up). The composite value for each species in each feeding regime is the mean of the individual
survival durations. Statistical analysis was performed with WINKS Kwikstat for
Windows software, 5th edition.
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Table 2. Survival duration for three carabid species in a feeding experiment
Chlaenius
tomentosus

Cicindela
punctulata

Scarites
subterraneus

Size

~15 mm

~14 mm

~17 mm

Period Captured

24 Mar-1 Apr

24-27 May

9-15 Jun

Start of Feeding

2 Apr

28 May

16 Jun

Last death

11 Aug

30 Jul

15 Oct

Survival (days):
No food

n = 7, R = 39-63,
ℵ = 50.1

n = 9, R = 15-21,
ℵ = 17

n = 10, R = 24-39,
ℵ = 33.9

Survival days):
Live FAW larvae

n = 9, R = 82-131,
ℵ = 113.4

n = 7, R = 45-63,
ℵ = 56.1

n = 9, R = 88-121,
ℵ = 105.7

Survival (days):
Dead FAW larvae

n = 10, R = 73-131,
ℵ = 100

n = 8, R = 42-60,
ℵ = 52.7

n = 10, R = 76-115,
ℵ = 104

n = Number of individuals tested ℵ
R = Range of survival values
ℵ = Mean of survival values

An interesting relationship is illustrated in this experiment. Given that all three
species are of approximately the same physical dimensions, occupy the same habitat, and consume approximately the same foods, it could be expected that they
would demonstrate the same ability to withstand starvation. The Cicindela species,
however, had a survival rate at least one half or less than the other two species. The
high energetic demands of the adult Cicindela hunting strategy – actively chasing
potential prey, and the escape strategy – rapid and sometimes sustained or frequent
flight, as compared to the more energetically conservative strategies of the other
two species, may explain the need for the Cicindela species to consume food more
frequently and have less energy storage capacity. In captivity, the Cicindela species
was considerably more active than the other carabid species in this experiment
(unpubl. pers. obs.), also suggesting greater nutritional demands over a shorter
period. An additional explanation, though not mutually exclusive, for species differences in ability to withstand starvation involves the predictable availability of
food. A species with a broad feeding niche and searching for readily available food
has no particular requirement for significant energy storage capabilities. Conversely, a species searching for a narrow range of food items that are relatively rare in
time and/or space must have the capability of surviving much longer periods without food. This could be accomplished by physiological mechanisms leading to
increased energy storage and/or decreased energy utilization.
This laboratory experiment suggests that all three of the tested carabid species
are opportunistic predators and scavengers, capable of detecting and consuming
live and moving lepidopteran larvae as well as dead and stationary larvae, and sur-
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viving for considerable periods on a diet of both food types. Their ability to capture and consume live larvae of a major southern crop pest, the fall armyworm,
though in a laboratory setting, is previously unreported. The scavenger activity
of these three species also has not previously been examined, suggesting that
their overall role in the ground arthropod fauna of row crops has not been sufficiently appreciated. The fact that many carabid species can be maintained in the
laboratory on dried dog food (e.g. Best and Beegle 1977) says little about their
capabilities as scavengers of dead insects but does emphasize their broad food
preferences. The catholic food choices of these species, especially their scavenging activities, may expose them to potentially lethal food items. In crop situations, the dead larvae of lepidopterans that ground carabids are likely to
encounter will probably be victims of either chemical pesticides or pathogenic
biocontrol agents, and as such may also be lethal to whatever consumes those
(Young 1984a). Unfortunately, although scavengers have been shown to be
important components of the nutrient cycling process in some habitats (e.g.
Edwards et al., 1970), such demonstration is still lacking for agronomic systems;
thus the impact of high mortality on scavengers in agronomic systems caused
either by indirect or direct contact with lethal agents, remains to be determined.
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ABSTRACT: Chironomus major is a large chironomid (larval length up to 50 mm) that occurs sporadically in lakes and ponds throughout the eastern United States. Chironomus major is the dominant
chironomid in Kentucky Lake, KY, U.S.A. in western shoreline depositional zones 6-10 m deep with
mean densities of about 87/m2 per month. In the laboratory, eggs hatched in 3-4 days. The life cycle
appears to be univoltine. Adult emergence begins in early October (water temp 22ºC) and peaks about
the first week in November. Mean larval dry weights were 0.002, 0.76, 2.98, and 6.20 mg for first,
second, third, and fourth instars. Mean head capsule widths were 0.13, 0.55, 0.78, and 1.03 mm for
first, second, third, and fourth instars. Production was estimated as 1.5 g dry mass/m2 based on the
present study. Although the densities of C. major larvae were low, the relatively high standing stock
biomass (0.4 g dry mass/m2) contributed much of the production.
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Despite the abundance, diversity, and importance of chironomids in aquatic
ecosystems (Tokeshi 1995, Dibble and Harrel 1997), there is a dearth of information in literature concerning species-specific secondary production and life
cycles. Secondary production is an important measure for population-level studies because it combines individual growth and population survivorship into a single value (Benke 1984). Analysis of secondary production can contribute to a
better understanding of population dynamics and be useful in testing ecological
hypotheses (Benke 1993). It can also be an important tool for natural resource
administrators in making rational management decisions (Waters 1977).
Chironomus major (Wuelker and Butler 1983) is a large chironomid species
distributed in lakes and reservoirs of southeastern United States and recorded
from Georgia, Oklahoma, Kentucky, Tennessee, and Alabama. In Kentucky
Lake, the conspicuous red larvae are generally found in silty clays with < 1%
organic carbon and in association with populations of the mayfly Hexagenia limbata and the fingernail clam Sphaerium striatinum (Moyer 2002). Morphology
and karyosystematics of C. major larvae were detailed by Wuelker and Butler
(1983) who also named the species based on larval characters. Adults, however,
were unknown to Wuelker and Butler (1983) and have not been described. The
name Chironomus major has since been found to be a junior homonym, and this
species will be renamed and the adults described in a separate paper.
The objectives of this study were to describe the life cycle of C. major in
Kentucky Lake and to estimate the standing stock biomass, secondary production, and the production: biomass ratio.
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METHODS
Study Site and Sampling
Kentucky Lake, created in 1944 by the construction of Kentucky Dam, is
located in southwestern Kentucky and northwestern Tennessee (Fig. 1). Kentucky Lake is the farthest downstream of more than 50 reservoirs on the Tennessee River system that were created by the Tennessee Valley Authority. It is the
largest reservoir in the eastern United States (296 km long) with 3,830 km of
shoreline and 64,750 ha of surface water. The Pacer Point study site is located at
km 72.5 (mile 45) on the Tennessee River (Fig. 1). Past surveys (e.g. Moyer
2002) have shown this site (8-10 m depth) to consistently contain the greatest
densities C. major larvae in this portion of Kentucky Lake. Nutrient and particulate organic carbon patterns of Kentucky Lake have been detailed by Yurista et
al. (2001, 2004). Although Kentucky Lake is highly productive (>1400 mg C/m2/
day, Taylor 1971), organic matter in surficial sediments is very low (<1% Yurista
et al. 2001). Because of the relatively short mean water residence time (21 days),
Kentucky Lake does not stratify thermally, and bottom water oxygen levels
rarely are less than 1 mg/L (CRR monitoring data unpublished).

Sampling was initiated in October 2002, and sediment samples were collected using a PONAR grab sampler (sampling area: 522 cm2). PONAR grab samples (30-35) were taken at an approximate depth of 3 m and sieved through a 0.5
mm sieve bucket on each sampling date to collect the chironomid larvae.
Chironomid larvae were sorted by morphotypes in the laboratory and mounted in
CMC for identification. Head capsule widths were measured with an image analyzer (Motic Images Plus, Hong Kong) attached to a dissecting microscope. Data
were organized by number of individuals in each size class on each sampling
date, and histograms of size classes over time were constructed. Adult emergence
was monitored along the shoreline using UV light traps and sweep nets during
the sampling period. Hourly surface water temperature was measured with a data
logger (Onset Computer Corporation) from October 2002 to July 2003 (Fig. 2).

Figure 2. Surface water temperature (°C) measured approximately 10 me offshore in
Kentucky Lake from October 2002-July 2003.

Figure 1. Study area in Kentucky Lake, Kentucky, USA. Lake samples were collected
offshore from Pacer Point.

Eggs and Larvae Rearings
Adults caught with nets in the field were brought back to the laboratory and
put into containers to force mating (Batac-Catalan and White 1982). Seven egg
masses were collected and reared in the laboratory to determine cohort length at
3 different temperatures (15º, 20º, and 25 ºC) with a photoperiod of 12L:12D.
After egg hatching, first instars were transferred to mesh-covered (mesh size: 1
mm) plastic containers (12 cm x 17 cm) containing lake sediment and 500 mL of
filtered lake water. Water was gently aerated with air stones. Larvae were fed 1
mL of Tetramin (Tetra‚) fish food (Menzie 1981) solution every other day.
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Biomass and Secondary Production
Biomass (mg dry mass) of each instar of C. major was estimated using fresh
larvae dried at 60ºC for 48 h. First instar larvae used were laboratory reared. All
other larvae were field collected. Live larvae of all 4 instars (n = 40) were dried
and weighed (± 0.001 mg) on an AD-4 autobalance (Perkin Elmer). First instars
were dried in groups of 4-5 individuals and a mean dry mass was calculated. Data
for head capsule width in millimeters and dry mass in milligrams were transformed using natural log. A dry biomass conversion was derived from a simple
linear regression of log head capsule width on log dry mass (SAS 2001). These
data were used to create head capsule width-dry mass regression equation, which
then was used to estimate the biomass of field-collected larvae (Benke 1984).
Estimates of C. major standing stock biomass, secondary production and production: biomass ratio for the sampling period was determined from head capsule measurements of field preserved specimens. Standing stock biomass was
calculated as the amount of biomass present at a point in time (Benke 1984).
Secondary production was determined as the living organic matter, or biomass,
produced by the population during an interval of time (Benke 1984). Secondary
production was estimated using the size frequency method described by Hynes
(1961) and Hynes and Coleman (1968), as modified by Hamilton (1969) and
Benke (1979). Negative production values for the smallest size classes were set
to zero as suggested by Benke and Wallace (1980). The cohort production interval, required to calculate secondary production, was estimated from instar frequency distributions of field-collected specimens, combined with laboratory
rearing data. The cohort production interval was defined as the length of time
from hatching to the maximum size of final size class (Benke 1979). For practical purposes, the cohort production interval was assumed to be only the larval
cycle because the amount of time spent in pupal, terrestrial adult, or egg stages
for chironomids is short and irrelevant to aquatic production (Benke 1979). The
multiplication of the production of an average cohort by 365/cohort production
interval was used to estimate secondary production. The production/biomass,
production divided by the mean biomass, approximated the rate of biomass
turnover (Benke 1984).

Table 1. Chironomid taxa and percent composition (%) in Kentucky Lake at the
Pacer Point site for all samples from October 2002 – July 2003.
Taxon
Subfamily Chironominae
Chironomus major Wuelker and Butler 1983
Chironomus decorus Johannsen 1905
Chironomus crassicaudatus Malloch 1915
Cryptochironomus sp.
Subfamily Tanypodinae
Coelotanypus tricolor Loew 1861
Ablabesmyia sp.
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Taxon Composition
(% total number)
55
12
<1
<1
30
2

Figure 3. Mean densities (number/m2 of bottom substrate) of Chironomus major in
Kentucky Lake offshore from Pacer Point from October 2002 to July 2003.

RESULTS
A total of 6 species of chironomid, 4 Chironominae and 2 Tanypodinae were
collected at the site (Table 1). Of these, C. major comprised 55% of all chironomid specimens collected in the sediment. No first instar larvae were collected
most likely because of the 0.5 mm sieve mesh size. Only fourth instars of
C. major were collected during October, which corresponded with the adult
emergence period. Second instar larvae appeared in early November, and growth
occurred throughout the winter. A maximum density of 196 larvae per m2 of
occurred in March (Fig. 3).

Mean head capsule width ranged from 0.13 mm (first instar) to 1.03 mm
(fourth instar), and mean dry weight values ranged from 0.002 mg (first instar)
to 6.20 mg (fourth instar) (Table 2). Dry mass values for field-preserved specimens were derived from the following significant (r2 = 0.96, p = 0.001) simple
regression of log head capsule width (in millimeters) vs. log dry mass (in milligrams) for live larvae (n = 40): log dry mass = 0.788 + 3.719 (log head capsule
width).
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Production of C. major was estimated to be 1.5 g dry mass/m2 (Table 3) based
on the present study. Mean standing stock biomass was estimated to be 442 mg
dry mass/m2. The production/biomass rate was calculated to be 3.4 for this population. Size frequency distribution showed C. major to be univoltine with adults
emerging in October and early November (Fig. 4). Under laboratory conditions
that approximated lake temperatures (20 ºC), eggs took 3-4 days to hatch. The further development of laboratory reared larval instars varied dependent on temperature. The second instar stage was completed in 45 days at 15º (n = 2), 32 days at
20º (n = 3) and 32 days at 25 ºC (n = 2). It took 122 days at 15º and 97 days at 20
ºC to complete the third instar stage whereas all third instars died at 25 ºC. Fourth
instar larvae died at 20º and 25 ºC but were still alive at 15 ºC after 303 days.
Table 2. Mean head capsule width and dry mass measurements of C. major
(n=40 for each instar).
Instar

Mean Head Capsule
Capsule Width, mm

Mean Dry
Mass, mg

0.13
0.55
0.78
1.03

0.002
0.76
2.98
6.20

1
2
3
4

Figure 4. Seasonal distribution and relative frequency for Chironomus major instars by
date at the Pacer Point site in Kentucky Lake, KY, 2002-2003. Arrows indicate the peak
adult emergence. Total numbers of individuals per date are given in parentheses. First
instar larvae were not collected.

Table 3. Production calculations for Chironomus major in Kentucky Lake, October 2002-July 2003, P = production, B = biomass.
Instar n, no/m2a

1
2
3
4

0
6
22
60

Total 442.12
P= 1488 mg/m2

▲ in nd

DM at Losse

DM Lossf

x4, mgg

-6
-16
-38
1488
1488
B= 442 mg dry mass/ m2

0.38
1.87
4.59

-2.3
-29.9
-174.4

-9.17*
-119.7*
-697.7*

DM, mgb

B, mgc

0.002
0.76
2.98
6.2

0
4.56
65.56
372

P/B= 3.4

Negative values set to zero.
Mean instar number present per square meter.
b
Mean dry mass (in milligrams) of individuals of each instar.
c
Total mean annual biomass for each instar.
d
Change in number of individuals present between stadia.
e
Mean dry mass of individuals of each instar when lost from the population (calculated as DMx + DMx+1 /2)
f
Total dry mass (milligrams) lost with each instar.
g
Dry mass loss × the number of instars gives mean annual production for each
instar.
*
a

DISCUSSION
Tokeshi (1995) reviewed the literature on chironomid production from both
lentic and lotic systems and suggested that production values less than 2 g dry
mass/m2/yr as low productivity (oligotrophy). Secondary production of C. major
for ten months falls into this category. Frank (1982) reported that secondary production for a smaller chironomid, Chironomus plumosus, amounted to 6.8111.01 g dry mass/m2/yr in the years of 1973 to 1976 in an eutrophic lake (Lake
Federsee/South-West Germany). Benson et al. (1980) estimated a production
value of 6.0 g dry mass/m2/yr for C. decorus in a small pond (Texas), which was
higher than our estimates for C. major. On the other hand, Tokeshi (1995) reported that, in the case of the genus Chironomus, 25% of estimated production values (n=28) were over 10 g dry mass/m2/yr and 71% were over 1 g dry mass/m2/yr.
The relatively low productivity of C. major could be attributed to several factors.
The low densities of C. major do not contribute much to the total benthic production of Kentucky Lake. Moyer (2002) also reported low densities of macroinvertebrates collected from two Kentucky Lake embayments. The highest density
of chironomids was reported as 406 larvae/m2 in Ledbetter Embayment (TRM
42.5) (Moyer, 2002), of which the density is similar to that reported for most
large natural lakes, but the diversity is comparatively low (Winnell and White
1985). The low densities of C. major and other chironomids in the main lake are
probably not related to overlying water conditions but could result from low carbon (food) availability in the sediments. Although the water column is highly
productive, much of the production appears to be flushed from the lake before
reaching the bottom (Yurista et al. 2001).
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Chironomus major larvae are present throughout the year and overwinter as
second and third instar larvae. Size frequency distribution appears to be univoltine with single adult emergence in the fall. While spring/summer emergence is
observed most commonly among univoltine species (Dendy 1971; Lindegaard
1992) there are examples of univoltine species emerging in fall. In Lake Kasumigaura, Japan, the large and abundant Tokunagayusurika akamusi emerges between late October and early December, the main emergence taking place in
early November (Iwakuma 1986). Emergence in univoltine species is often short
duration, lasting no more than one month with an intensive emergence occurring
within a period of 1-2 weeks (Tokeshi 1995). We observed a similar pattern in
C. major that lasted for 5 weeks with peak adult emergence during the first two
weeks of October.
Production (P) to mean biomass (B) ratios expresses the rates of biomass
turnover and has been frequently quoted as an important measure of productivity (Tokeshi 1995). Tokeshi (1995) reported that in the subfamily Chironominae
there appear to exist two weak modes in the frequency distribution of P/B ratios,
one between 1 and 3 and the other between 5 and 7, the latter mostly encompassing multivoltine species. Large species with relatively long larval life such
as Chironomus spp. tend to have low P/B values (Tokeshi 1995). The P/B ratio
of Chironomus plumosus was estimated to be 1.6 in Alderfen Broad, U.K (Mason
1977) and 2.4 in Lake Beloie, Russia (Borutski et al., 1971), whereas Benson et
al. (1980) estimated the P/B ratio of 19.6 for a multivoltine Chironomus decorus
in a shallow pond, TX. In this study, P/B ratio (3) for C. major is very similar to
those reported for large univoltine chironomid species.
In summary species-specific secondary production and life cycle information
is important in trophic dynamics of aquatic systems. The present study provided
baseline information on an ecologically significant invertebrate in the Kentucky
Lake benthic environment. Ongoing monitoring will add additional data to estimate the production for the full year.
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577 pp.

ACKNOWLEDGEMENTS
Special thanks to R. Trites, G. Harris, J. Wyatt, A. Nelson, K. Wilhelm, C. Sells and M. Duguid
for assistance with fieldwork. Carl Woods provided the map and instar size-frequency graph.

361

Benke, A. C. 1993. Concepts and patterns of invertebrate production in running waters.
Verhandlungen Internationale Vereinigung Limnologie 25: 15-38.
Benke, A. C. and J. R. Wallace. 1980. Trophic basis of production among netspinning caddisflies
in a southern Appalachian stream. Ecology 61: 108-118.
Benson, D. J., L. C. Fitzpatrick, and W. D. Pearson. 1980. Production and energy flow in the benthic community of a Texas pond. Hydrobiologia 74: 81-93.
Borutski, E. V., N. Y Sokolava, and E. A. Yablonskaya. 1971. A review of Soviet studies into production estimates of chironomids. Limnologica 8: 183-191.
Dendy, J. S. 1971. Phenology of midges in experimental ponds. The Canadian Entomologist 103:
376-380.
Dibble, E. D. and S. L. Harrel. 1997. Largemouth bass diets in two aquatic plant communities.
Journal of Aquatic Plant Management 35:74-78.
Frank, C. 1982. Ecology, production and anaerobic metabolism of Chironomus plumosus L. larvae
in a shallow lake I. Ecology and production. Archiv für Hydrobiologie 94: 460-491.
Hamilton, A. L. 1969. On estimating annual production. Limnology and Oceanography 14: 771-782.
Hynes, H. B. N. 1961. The invertebrate fauna of a Welsh mountain stream. Archiv für Hydrobiologie
57: 344-388.
Hynes, H. B. N. and M. J. Coleman. 1968. A simple method of assessing the annual production of
stream benthos. Limnology and Oceanography 13:569-573.
Iwakuma, T. 1986. Ecology and production of Tokunagayusurika akamusi (Tokunaga) and
Chironomus plumosus (L.) (Diptera: Chironomidae) in a shallow eutrophic lake. Ph.D.
Dissertation, School of Sciences. Kyushu University, Japan.
Lindegaard, C. 1992. Zoobenthic ecology of Thingvallavatn: vertical distribution, abundance, population dynamics and production. Oikos 64: 257-304.
Mason, C. F. 1977. Populations and production of benthic animals in two contrasting shallow lakes
in Norfolk. Freshwater Biology 5:271-277.
Menzie, C. A. 1981. Production ecology of Cricotopus sylvestris (Fabricius) (Diptera: Chironomidae) in a shallow estuarine cove. Limnology and Oceanography 26: 467-481.
Moyer, D. A. 2002. Biogeochemistry and the Benthic Environment of Kentucky Lake: Carbon
sources and Benthos Distributions. M.S. Thesis, Department of Biology. Murray State University.
Murray, Kentucky, U.S.A. v+75 pp.
SAS Institute. 2001. SAS/STAT user’s guide: statistics, version 8.02. SAS Institute, Cary, North
Carolina, U.S.A. 165 pp.

LITERATURE CITED
Batac-Catalan, Z. and D. S. White. 1982. Creating and maintaining cultures of Chironomus tentans
(Diptera: Chironomidae). Entomological News 93: 54-58.
Benke, A. C. 1979. A modification of the Hynes method for estimating secondary production with
particular significance for multivoltine populations. Limnology and Oceanography 24: 168-171.

Taylor, M. P. 1971. Phytoplankton productivity response to nutrients correlated with certain environmental factors in six TVA reservoirs: 209-217. In, Hall, G. E. (Editor) Reservoir Fisheries and
Limnology. Special Publication 8, American Fisheries Society; Washington, DC. 511 pp.
Tokeshi, M. 1995. Life cycles and population dynamics, pp. 225-268. In, Armitage, P. D., Cranston
P. S. and L. C. V. Pinder (Editors). The Chironomidae: Biology and Ecology of Non-Biting
Midges. Chapman and Hall Publications, London, U.K. 571 pp.

362

ENTOMOLOGICAL NEWS

Volume 116, Number 5, November and December 2005

Waters, T. F. 1977. Secondary production in inland waters. Advance Ecology Research 10: 91-164.

THE RED IMPORTED FIRE ANT IS NOW IN MEXICO:
DOCUMENTATION OF ITS WIDE DISTRIBUTION
ALONG THE TEXAS-MEXICO BORDER1

Winnell, M. H. and D. S. White. 1985. Ecology of some Chironomidae (Diptera) from southeastern Lake Michigan, U.S.A. Transactions of the American Entomological Society 111: 279-359.
Wuelker, W. F. and M. G. Butler. 1983. Karyosystematics and morphology of northern Chironomus
(Diptera: Chironomidae): Freshwater species with larvae of salinarius-type. Entomologica
Scandinavica 14: 121-136.
Yurista, P. M., K. Johnston, G. Rice, G.W. Kipphut, and D. S. White. 2001. Particulate organic
carbon patterns in a mainstem reservoir, Kentucky Lake, USA. Journal of Lake and Reservoir
Management 17: 330-340.
Yurista, P. M., D. S. White, G. W. Kipphut, K. Johnston, G. Rice, and S. P. Hendricks. 2004.
Nutrient patterns in a mainstem reservoir, Kentucky Lake, USA, over a 10-year period. Journal
of Lake and Reservoir Management 20: 148-163.

363

Sergio R. Sánchez-Peña,2,3 Richard J. W. Patrock,3 and Lawrence A. Gilbert3

Over the last decade, the red imported fire ant, Solenopsis invicta Buren has
proven itself a cosmopolitan pest. Confined to central South America until its
invasion of the United States around 1930, this species has since tramped its way
around the Caribbean from Puerto Rico to Trinidad (Davis et al., 2001) and is
now well ensconced along the Western Pacific rim in Brisbane, Australia
(Moloney and Vanderwoude 2002), Malaysia (Na and Lee 2001), Taiwan (YuTzu 2004), Hong Kong, Macao and the Guandong Province of southern China
(Anon. 2005). Despite this globetrotting, S. invicta had failed to cross from Texas
into Mexico across the slender Rio Grande since it was first found in counties
bordering the river in 1991 (Allen et al., 1993). Here we report our finding of
populations that have made the jump across the Rio Grande into Mexico. In
2001, one of us (RJWP) found S. invicta within meters of the Rio Grande in the
southmost area of Brownsville, Texas. In 2004, S. R. Sánchez-Peña surveyed
Mexican sites that spanned from the Colombia, Nuevo León (NL) border crossing point to the Playa Bagdad beach (Tamaulipas) on the Gulf of Mexico.
Samples were also taken along major highways running south from the border to
Monterrey, NL. Urban areas and towns searched included Colombia, Monterrey,
Guadalupe, Cadereyta, General Bravo, the Sabinas Hidalgo toll road station,
Cerralvo and General Treviño; all in NL; and Nuevo Laredo, Ciudad Mier,
Miguel Alemán, Diaz Ordaz, Valadeces, Reynosa, Rio Bravo, Empalme, and
Matamoros; all in Tamaulipas. Additional points were searched in between these
towns. All points are in two vegetational areas: the South Texas or Rio Grande
Plains and the Gulf prairies and marshes; the first is part of the Tamaulipan Biotic
Province. Average annual rainfall ranges from 43 to 76 cm, increasing from West
to East (Everitt and Drawe 1993). The proportion of Neotropical elements in the
vegetation increases rapidly to the South, especially near the coast. Fire ants in
general and S. invicta in particular are markedly anthropophilic, and readily
invade moist, disturbed areas. Therefore, searches were directed towards the preferred habitats colonized by S. invicta: managed and artificial pastureland, watering holes, landscaped areas, squares (plazas) and gardens, parks, sidewalks, nurseries, greenhouses, junk yards, parking lots, edges of agricultural fields, road
sides, restaurants, clearings in general, and flooded areas.
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More than 800 Solenopsis samples were collected across the surveyed area.
We made directed searches and baiting. Baits (pieces of oil-canned tuna or hotdog) were placed on foraging grounds of Solenopsis spp., attracting tens of foragers of different sizes. When aboveground nests (mounds) were observed, we
also collected workers by disturbing those mounds, causing workers to rush out
aggressively. Sexuals were collected when present from these nests. Queens
(wingless foundresses) were also collected on the ground after mating flights.
Ants were preserved in 96% ethanol.
Most samples correspond to non-S. invicta fire ants. The only places where
S. invicta was detected are as follows: SRSP collected this pest in four points in
Tamaulipas, one colony in the vicinity of the Nuevo Laredo International
Crossing II (N 27° 29' 46.4", W 99° 29' 36.0") and at three locations in
Matamoros. Of these, two collections were determined from single colonies
(N 25° 53' 40.5", W 097° 29' 51.9") and (N 25° 52' 24.9", W 097° 28' 19.6"), and
a third was an infestation of about two hectares (N 25° 52' 09.2", W 097° 24'
24.4", and N 25° 51' 34.7", W 097° 24' 33.6") across from the southernmost area
of Brownsville (Fig. 1). An additional population about 500 km NW was found
by a collaborator in Ciudad Acuña, Coahuila, across the border from Del Rio,
Texas, in February 2005. Voucher specimens are kept at the Entomology Collections of Brackenridge Field Laboratory, University of Texas at Austin and the
Universidad Autónoma Agraria Antonio Narro, in Saltillo.
Solenopsis invicta does not appear to be ubiquitous on this section of the
Mexican side of the border. Phillips and Thorvilson (1993) hypothesized that the
most likely window for invasion of this pest into Mexico would be through
Tamaulipas because of this area’s extensive irrigated agriculture. Once in Mexico, they envisioned that S. invicta would be able to propagate along the Gulf
coast before its populations spread to more mesic, central sections of the country. This path of range extension has been theoretically validated in a model by
Morrison et al. (2004), in a work that suggests this route might be the only one
available to imported fire ants for unaided movement into much of Mexico. Now
that S. invicta has made the first step, we suggest it is important to implement
eradication procedures of these small-localized populations; the longer this ant
resides in Mexico the higher the chance of human-aided transport to the interior.
We therefore encourage more extensive monitoring of the most likely zones of
invasion and considering steps that will reduce the likelihood of accidental transport of S. invicta further south. Care should be taken not to disrupt native ant
populations and the resistance they provide in stemming S. invicta establishment
(Rao and Vinson 2004).
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Figure 1. Main collecting sites for Solenopsis spp. in NE Mexico. Sites where Solenopsis
invicta was collected are marked “s.” All sites are in Mexico. El Cielo Biosphere Reserve
is indicated due to its proximity and notorious biodiversity.
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A COLLECTION OF POECILOCRYPTICUS
FORMICOPHILUS GEBIEN (COLEOPTERA:
TENEBRIONIDAE) FROM A MOUND OF THE
IMPORTED FIRE ANT HYBRID, SOLENOPSIS INVICTA X
RICHTERI (HYMENOPTERA: FORMICIDAE)1

Morrison, L. W., S. D. Porter, E. Daniels, and M. D. Korzukhin. 2004. Potential global range
expansion of the invasive fire ant, Solenopsis invicta. Biological Invasions 6: 183-191.

Joe A. MacGown2

Na, J. P. S. and C. Y. Lee. 2001. Identification key to common urban pest ants in Malaysia. Tropical
Biomedicine 18: 1-17.

Poecilocrypticus formicophilus Gebien is a small, colorful tenebrionid beetle
native to the Atlantic coast of South America. Steiner (1982) reported this species
from Russell Co., Alabama (3 specimens), Leon Co., Florida (1 specimen), and
Hancock Co., Mississippi (1 specimen). Steiner speculated that P. formicophilus
was a recent introduction to the southeastern United States and apparently was
established in that region. He also stated that this beetle might be associated with
the imported fire ant, Solenopsis richteri Forel. This speculation is based primarily on a single specimen of P. formicophilus collected during a survey of animals
associated with fire ants done in Uraguay by Silviera-Guido et al. (1972). It is not
certain whether the specimen from that survey was actually in a fire ant mound or
was only in the vicinity of one, because it was labeled somewhat ambiguously as
“saevissima richteri nest” (referring to Solenopsis richteri). Fragments of a beetle
that appeared to be P. formicophilus were recovered from a nest in Bastrop County,
Texas (Taber, 2000). It is not known whether the beetle was prey of the fire ants,
or was living in the nest as a myrmecophile. All of the published records of
P. formicophilus in the United States coincide with areas where either S. richteri or
another exotic fire ant species, S. invicta Buren, have become established. Recent
collections of this beetle also fall within the geographic range of imported fire ants,
with records in Mississippi from Greene Co. (1 specimen), Hancock Co. (3 specimens), and Jackson Co. (4 specimens) and in Alabama from Baldwin Co. (3 specimens). Poecilocrypticus formicophilus has also been collected from numerous
other localities in other states where imported fire ants have spread (records from
other states to be published at a later date, W. E. Steiner, Pers. Comm.) apparently
paralleling the imported fire ant movement in the United States. However, no live
specimens of P. formicophilus have been reported as being found in any Solenopsis
spp. nests in the United States.
On 4 August 2002, I collected a single live specimen of P. formicophilus in an
active mound of the hybrid fire ant, S. invicta X richteri. The mound was at the base
of Pinus taeda Linnaeus (Pinaceae) located in a remnant of the Black Belt Prairie in
Sessums, Oktibbeha County, Mississippi. This is the first definitive record of
P. formicophilus being found alive in a fire ant mound in the United States, thus supporting Steiner’s supposition that this beetle is associated with fire ants.
MacGown and JoVonn G. Hill collected seven individuals of P. formicophilus at
Jeff Davis Lake in Jefferson Davis County on 11 August 2005. The beetles were
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collected in grass clippings at the base of Quercus falcata Michaux (Fagaceae) in
a disturbed open parklike area near a lake. Several species of ants were present in
the sample with the beetles including Brachymyrmex musculus Forel, Hypoponera
opaciceps (Mayr), Pyramica membranifera (Emery), Pyramica sp., Cyphomyrmex
rimosus (Spinola), and Solenopsis invicta Buren. On a subsequent trip to the same
site by Hill on 18 September 2005, live individuals of P. formicophilus were
oberved in the nests of B. musculus, C. rimosus, and S. invicta. All three of these
ant species are considered to be exotic ants to this country from South and Central
America. The presence of this beetle in the nests of two other species of ants indicates that it is not restricted to imported fire ant nests.
It is not clear whether P. formicophilus is an occasional nest scavenger or a more
specialized myrmecophile. Other collections of this beetle have been made using a
variety of methods, such as Berlese litter samples, pitfall traps, and blacklight traps,
but not from inside fire ant mounds. In a study of arthropods found in imported fire
ant (S. richteri) mounds done by Collins and Markin (1971), fifty-two species of
arthropods were collected, but P. formicophilus was not found. Similarly, a study
of beetles in fire ant nests in Texas done by Summerlin (1978) did not yield this
species. However, those studies may have predated the arrival of P. formicophilus
in those states. Except for some pupal characters (Steiner 1995), the biology and
immature stages of this species remain unknown.
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A COUNTRYWOMAN’S JOURNAL. THE SKETCHBOOKS OF A PASSIONATE NATURALIST. 2002 by Margaret Shaw with an introduction by Peggy Vance.
Constable & Robinson Ltd. London, England, United Kingdom. 144 pp. ISBN: 184119-632-2. Hardbound.
Recently, a friend returned from southern England and brought me a present: Margaret Shaw’s A
countrywoman’s journal, The sketchbooks of a passionate naturalist. “Hidden in a drawer for over seventy years, Margaret [Grace] Shaw’s [MGS] perfectly preserved sketchbook journal of 1926 to 1928
record in watercolor and prose the flora and fauna of an almost vanished world” (inside front cover). An
earlier journal is known for 1902 (p. 11).
Margaret was born in 1886 to a well-to-do British family favored by the increased industrialization.
The Shaws were able to travel abroad to continental Europe frequently, where cities still harbored contrasts deplored by earlier social reformers: the wealthy and prosperous living alongside masses swarming in pauperism. However, those social contrasts are not obvious in A countrywoman’s journal.
Shaw’s upbringing appears to have included the prescribed recipe for Victorian English young
women of the time: the arts, literature, and a healthy dose of activities meant to foster an air of refinement. Her journal entries include brief remarks on insects and birds, which she often addresses as “he,”
as well as plants, mammals, mollusks, and other natural history objects, water colored to such detail that
one can recognize families and even genera. MGS describes trees, parks, days, sunsets, and many others as “lovely,” as commonly heard in the United Kingdom.
Many insects are featured in her vignettes including, dragonflies (Odonata: Anisoptera), earwigs
(Dermaptera), Common English Meadow Grasshoppers (Orthoptera), water skaters (Hemiptera: Gerridae), lacewings (Neuroptera), ladybird beetles (Coleoptera: Coccinellidae, 2-spotted and 7-spotted
Coccinella septempunctata), tiny beetles crawling on tulip bulbs, blue bottle flies (Calliphoridae), mosquitoes or common gnats, caddisfly larvae (Trichoptera), “humble bees” (bumble bees, Apidae), queen
wasps (Vespidae), “oak apples” (probably Cynipidae) and above all, lepidopterans, lots of them, such as
Peacocks (Inachis sp.) and Red Admirals (Vanessa sp., both Nymphalidae), Brimstones (Gonepteryx sp.,
Pieridae), “white ermine moth” (Arctiidae), “herald moths” (Noctuidae), and many others. On occasions, Shaw gives considerable biological information on some insects. For instance, about the ladybird
beetles she says “it is a most useful insect as it lives on the plant-lice that blight roses and hops” (April
21, 1927). Of water skaters, she writes “have three pairs of legs, the first pair just below the head the
second at the lower end of the chest. These are their oars – the last pair set entirely as rudders and are
never used for swimming” (April 22, 2005).
MGS also knew plants in detail (May 30, 1927) and her illustrations are often sufficient to recognize
families and genera (e.g. Greater Stitchwort, Stella holostea, Caryophyllaceae, 27 April 1927). On her
way from Bordeaux to St. Jean de Luis, she “passed through miles of pines forests, nearly every tree
being tapped for its turpentine” (June 7, 1928), a remark that warmed my heart as I pick exudates up for
research.
This facsimile of her journal is also spiced with poetic language, such as “the frost sparkled like tiny
diamonds on leaves and grass” (December 16, 1926) or about a group of toad eggs “the spawn is a jelly
substance looking like masses of transparent boiled tapioca” (March 3, 1927). Personifications, particularly with respect to animal behavior abound such as, “I hope the parents got them [the blackbird
“babies”] safely away (April 30, 1927) are reminiscent of Jean-Henri Fabre [Entomological News
114(5):288]. Shaw’s images of rabbits resemble those of Beatrix Potter’s Peter Rabbit).
As one reads Shaw’s accounts, one wonders what happened to MSG on May 1, 2, and 8, 1927, as
there seem to be empty spaces for water colors that were never produced or why her second journal (1
January to 31 December 1928) has less drawings and her writing is more densely packed onto each page.
My friend remembered her trip to southern England fondly when she read “This is a great sheep farming district and it is lambing time (March 20, 1927). “[A]s the Old Year died” (December 31, 1928), one
ponders about the passage of time and what others were doing when these journal entries were written.
Jorge A. Santiago-Blay
Department of Paleobiology, Museum of Natural History, Smithsonian Institution
Washington, District of Columbia 20013-7012 U.S.A. E-mail: blayj@si.edu
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SOCIETY MEETING OF MARCH 23, 2005
Population Genetics of Introduced Disease Vectors
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Dina M. Fonseca, Ph.D., Assistant Curator
The Academy of Natural Sciences, Philadelphia, Pennsylvania 19103 U.S.A.
Dr. Fonseca’s presentation focused on mosquitos (Diptera, Culicidae) as introduced disease
vectors to both the Hawaiian Islands and the continental United States. Hawaii had no mosquitoes prior to the introduction of Culex quinquefasciatus. Because native Hawaiian birds,
such as the Hawaiian honeycreepers, are uniquely susceptible to malaria and bird pox, both
transmitted by this mosquito, the introduction of Cx. quinquefasciatus has contributed to their
decline. According to Dr. Fonseca, there have been two separate introductions of this species,
one from the Americas in the 1980s and the second from the south Pacific. This finding
explains both a reported change in elevational distribution of Cx. quinquefasciatus and the timing of the impact of avian malaria on local bird populations. There are now eight introduced
species of mosquito in the Hawaiian Islands although only Cx. quinquefasciatus transmits the
avian diseases.
The continental U.S.A. also has eight introduced species of mosquito, several mirroring those
in Hawaii. Of interest to Dr. Fonseca and her research group is the genetics, distribution, and
behavior of the Culex pipiens complex, a group of very closely related mosquitoes that include
Cx. quinquefasciatus and Cx. pipiens, the latter, one of the principal vectors of West Nile virus
(WNV). Historically, taxonomic traits (e.g. male genitalia) and behavioral strategies (e.g. the
necessity, or absence of a blood meal for egg laying), and blood host preferences, have been
used to separate species, subspecies, and forms in the Cx. pipiens complex. The existence of
hybrids and the difficulty of assessing behavior and physiology have led Dr. Fonseca to develop diagnostic tools using genetic markers.
Employing multilocus genotype analysis, a genetic tool using fast mutating microsatellite
loci to provide a DNA fingerprint of each species, Dr. Fonseca’s lab has fine-tuned distributional data on the two common mosquitoes of the Cx. pipiens complex. In the eastern United
States, Cx. pipiens occurs at northern latitudes and Cx. quinquefasciatus at southern latitudes.
Genetic sampling of eastern and western populations showed that the introgression between
the two species is more complex than thought, with the hybrid zone being more extensive than
expected and virtually all specimens being hybrids in the midlatitudes. In addition, analyses of
microsatellite loci yield differentiation between epidemiologically divergent “forms” of Cx
pipiens - Cx. pipiens form pipiens can be separated from Cx. pipiens form molestus using
genetic markers.
In conclusion, Dr. Fonseca underscored how the study of the population genetics of disease
vectors allows assessment of intra- and interspecific variability and unravels the evolution of
complex systems. The information obtained by using molecular markers generates testable
hypotheses regarding species adaptation, habitat expansion, hybridization, and ecology. She
hopes to develop “genetic counseling” to vector control programs by using genetic assays to
predict epidemiological differences between populations.
In observations made by members at the meeting, Jack Gingrich noted that wolf spiders, an
unusual moth, and bats were encountered in an underground bunker at Fort Delaware (Pea
Patch Island, in the middle of the Delaware River, just above the entrance to the Delaware
Bay), and a species of Calosoma Fiery Searcher (Carabidae) was seen by another attendee.
There were 28 people present for the meeting.
Greg Cowper, Corresponding Secretary, The American Entomological Society
gwcowper@popflymag.com
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