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ABSTRACT Cornuplura nigroalbata (Davis, 1936) is a rarely collected cicada species represented
by some 20 specimens deposited in institutional collections. We almost doubled the number of
previously collected specimens and provide information on the acoustic behavior, ecology, distribu-
tion, and morphology of the species. The Arizona population studied appears to be the northernmost
extension of the population and specimens are restricted to Santa Cruz and Cochise Counties in
Arizona. The species is associated with the Sonoran desert vegetation. Males call primarily in the
morning from desert oaks and mesquite with a preference for ocotillo at the beginning of the calling
period. The song is an amplitude modulated call with dominant frequency of �6.5 kHz. We illustrate
the genitalia and opercula of both males and females of the species for the Þrst time.
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Davis (1936) described the cicada Tibicen nigroalbata
from a single female collected in southern Arizona.
The letter accompanying the specimen from Prof. Ball
stated the specimen was collected by accident while
beating for treehoppers, remarking that the species
wasplentiful andremarked that itwasdifÞcult tocatch
(Davis 1936). Additional specimens were sent to Davis
by R.H. Beamer who stated “[t]hey were about as
difÞcult to take as any Cicada I can remember” (Davis
1942). The species was then transferred to the new
genusCornupluraby Davis (1944) based on the lateral
spines of the pygofer and the shape of the uncus. The
next reference to the species in the literature was our
inclusion of the species in our analysis of sound pres-
sure levels and body size in cicadas (Sanborn and
Phillips 1995). The range of the species was then
extended into Mexico (Sanborn 2007) but no addi-
tional information about the biology of the animal has
been reported.

We were able to locate only 18 specimens deposited
in institutional collections in the �100 collections vis-
ited. We provide information here on the ecology,
distribution, acoustic behavior, and morphology of the
species from specimens we collected in our expedi-
tions and visits to museum collections to facilitate an
understanding of the species.

Materials and Methods

Live specimens were collected during July 1991,
1993, and 1994. Museum collections housing speci-
mens include the American Museum of Natural His-

tory (AMNH, holotype female), Staten Island Insti-
tute of Arts and Sciences (SIIAS, one male), Snow
Entomological Museum at the University of Kansas
(SEMK, twomales),UniversityofArizona(UAIC,one
male), University of Connecticut (three males of the
K. Hill and D. Marshall collection, KHDMC) and the
California Academy of Sciences (CASC, Mexican
specimens, seven males and three females). No spec-
imens were located in the Instituto de Biologia Uni-
versidad Nacional Autonomia de Mexico collection.
We collected specimens in Santa Cruz County, AZ,
and were provided with a specimen from Cochise
County, AZ, by Doug Gardner and obtained data from
the collection of J.E. Heath and M.S. Heath (MSHC).
One of our specimens was deposited in the Utah Nat-
ural History Museum with the majority in the Þrst
authorÕs collection (AFSC).

Calling songs were recorded using an Uher 4000
Report Monitor tape deck (Uher Werke, Munich,
Germany) and a Sennheiser MKH 70 P 48 directional
microphone (Sennheiser Electronic Corporation, Old
Lyme, CT) with an MZW 70 wind screen. Frequency
response range of the recording equipment is 50Ð
20,000 Hz. All calls were recorded on 6.4 mm audio
tape at a tape speed of 19 cm/s. The microphone was
placed as close as possible to the calling animal in an
effort to decrease background noise on the recording.
Recordings were made only after an animal had re-
turned to a normal calling pattern if disturbed dur-
ing our approach. Recordings were analyzed with
RavenPro 1.3 (Cornell Lab of Ornithology, Ithaca,
NY) and a Macintosh computer. Recordings were dig-
itized at a sampling rate of 40 kHz. Frequency spectra
were analyzed using a narrow band FFT. Specimens
were recorded 1.7 miles W of AZ 289 on Forest Service
Road 39, Santa Cruz County, AZ, on 10 July 1991.
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The pulse repetition rate (s�1) for a 30 ms region of
the call was counted. The mean values for each indi-
vidual were used to determine the mean for the spe-
cies. For the purposes of this discussion, a sound pulse
includes the initial pulse produced by the timbal plate,
and the smaller pulses produced by the timbal ribs.
Sections from the middle of a calling bout were mea-
sured to eliminate any potential changes to pulse rate
as an animal began or terminated a call so that the
analysis was performed on a region of the song where
the animal should have been producing constant call
parameters during the calling bout. Peak frequency
was determined using the settings in Raven. In total,
15 specimens were recorded but all parameters were
not able to be determined from all recordings. Only
reproducible data from within songs were included in
the analyses. Morphological terminology follows
Moulds (2005). Statistics are reported as mean � SD.

Results and Discussion

EcologyandBiogeography.WefoundC.nigroalbata
in the Mexican Highlands Desert Section of the Ba-
sin and Range ßoristic province of North America
(McMahon 1988) and the oak-juniper woodland of
Küchler (1964). The species tended to call primarily
from Emory oak (Quercus emoryi Torrey) and Mex-
ican blue oak (Quercus oblongifolia Torrey) and to a
lesser extent velvet mesquite (Prosopis velutina
Wooton) but tended to call from ocotillo (Fouquieria
splendens Engelmann) early in the morning. The ci-
cadas would ßy to the ocotillo in the morning and
commence calling (cicadas can ßy at body tempera-
tures well below the body temperature required for
calling, for example, see Sanborn et al. 2002, 2011).
Calling from ocotillo would provide the species access
to greater amounts of solar radiation enabling the
animals to elevate body temperature to a range nec-
essary for calling more rapidly than if perching in the
shaded environment within the oaks or mesquite and
thus increasing its activity period. It was when the
animals were on the ocotillo that they were easiest to
capture. The animals would migrate to the oak and
mesquite as the activity period continued. All but one
specimen we collected was calling from ocotillo early
in the calling period with collecting success decreas-
ing once the animals moved into the oaks as the day
progressed. Our collection attempts over several years
in the afternoon met with no success when the species
was calling from oaks. The type was collected in an
area where the species was reported to be common in
oaks (Davis 1936). The animals were solitary singers
often with 100 m or more between individuals. The
rocky hillsides and the propensity for the cicadas to
stop calling when we were still at a signiÞcant distance
made collecting difÞcult. In his correspondence to
Davis, Beamer also remarked about the difÞculty in
capturing specimens on the rough terrain and was also
most successful capturing specimens early in the
morning (Davis 1942). Collection dates for the species
range from late June to mid-August with the majority

of specimens being collected between 1 and 10 July
(in Arizona and all the Mexican specimens).

The distribution of the species is currently known
by what appear to be the extremes of its distribution
(Fig. 1). The Arizona specimens are restricted to Santa
Cruz and Cochise Counties. The Mexican specimens
were collected in Sonora (Sanborn 2007). The exten-
sion into Mexico was not surprising as several species
of cicadas collected near the United StatesÐMexican
border, like the United States examples of C. nigroal-
bata, have recently been reported on the other side of
the border (Sanborn 2006, 2007, 2010; Sanborn and
Phillips 2010). The species appears to be replaced by
C. rudis (Walker) and C. curvispinosa (Davis) in cen-
tral and southern Mexico (Sanborn 2007).

The speciÞc distribution data with global position-
ing system (GPS) added (if not provided on specimen
label) are as follows: USA, Arizona, Santa Cruz, Co.,
Atascosa Mtn, 31.433N 111.147W (holotype female,
AMNH); Ruby 31.461N 111.237W (SEMK, SIIAS,
MSHC); West of Pena Blanca 31.421N 111.174W
(UMNH (from AFSC), UAIC); 2.7 miles West of Pena
Blanca 31.423N 111.189W (AFSC); 1.7 miles West of
Pena Blanca 31.420N 111.180W (AFSC); 31.394N
111.090W (KHDMC); Arizona, Cochise Co., Parker
Canyon 31.430N 1110.482W (MSHC); 17.2 miles
South of Tombstone 31.463N 111.067W (AFSC);
MEXICO, Sonora, Rio Mayo, Bacechala 27.358N
108.750W (CASC).
Acoustic Behavior and Song Analysis. Calling by C.
nigroalbata began early in the morning, for example,
7:30 a.m. MST, and would continue in earnest for �2
h. Calling activity began to decrease as the day pro-
gressed and, by late morning, only sporadic individuals
were heard calling with the majority of calling behav-
ior ceasing by 11:00 a.m. Individuals would then call
rarely through the early afternoon before calling be-
havior ceased for the day in mid-afternoon. The spe-
cies did not call at dusk as sympatric species did.

Fig. 1. Distribution of C. nigroalbata. The distribution is
restricted to the Sonoran Desert in Arizona (AZ) and Sonora
(SON). Scale bar � 200 km. (Online Þgure in color.)
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Calling activity generally began before the sympatric
Diceroprocta swalei swalei (Distant) andD. semicincta
(Davis) supporting the contention that moving to
ocotillo to begin the morning helped the species el-
evate their body temperature to a range necessary to
begin calling earlier than sympatric species that re-
mained in the trees.

As previously noted, the animals begin their calling
activity primarily from ocotillo and migrate to the oak
and mesquite as the morning progressed. One strange
aspect to the calling behavior was the head down
posture the animals used when calling on the ocotillo.
Cicadas normally position themselves with their heads
away from the ground rather than facing the ground
when calling on a vertical surface. We have encoun-
tered only rare individuals of other North America
species exhibiting this behavior although it is the com-
mon posture exhibited by speciÞc species in other
parts of the world, for example, Cicadatra atra (Ol-
ivier) in Europe (Boulard and Mondon 1996).

The calling song is an amplitude modulated whine
(Fig. 2) with a peak frequency of 6,479 � 216 Hz (n�

15) that would continue for several minutes. The am-
plitude modulations are produced by dorso-ventral
movements of the abdomen while the male is calling.
Amplitude modulations were produced at a rate of
16.50 � 2.56 s�1 (n� 12). The higher intensity portion
of the call lasted 32 � 11 ms (n � 12) and the low
intensity portion of the call lasted 30 � 5 ms (n� 12)
illustrating that the abdomen was moved in a rhyth-
mical fashion rather than a single movement to pro-
duce the amplitude modulation as is seen in some
other cicada species (e.g., Sanborn 1997). Intensity
differences of 5Ð6 dB have been reported with
changes in abdominal position in cicadas (Young 1972,
1990). Sound pulses were produced at a rate of 673 � 42
s�1 (n� 15). The frequency characteristics of a cicada
call are determined by the physics of the sound produc-
tion system (Pringle 1954, BennetÐClark 1995) and are
similar to what would be predicted based on body size
(BennetÐClark and Young 1994, Daniel et al. 1993). The
song is reminiscent of a mufßed, amplitude modulated
version of a song produced by cactus dodger cicadas
(Cacama spp.) of the western United States.

Fig. 2. Oscillogram (upper and middle traces) and sonogram (lower trace) of the calling song produced byC. nigroalbata.
The call is a series of syllables of constant frequency and amplitude modulations with a peak frequency of �9.4 kHz. Syllable
duration is �140 ms with individual sound pulses being produced at a rate of �93 Hz. The expanded oscillogram (upper trace)
illustrates the individual sound pulses along with the amplitude moduclations with greater resolution. (Online Þgure in color.)
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Animals would change their calling activity when
approached. If they simply did not cease calling alto-
gether when we were as far as 50 m away, the call
would reduce intensity signiÞcantly and the rate of
amplitude modulations would decrease because of an
increase in the time spent in the quiet portion of the
call. When closely approached, males would continue
toproducea slowcalling song rhythmbut the intensity
became very low and alarm call-like bursts lacking
modulations were inserted into the calling bout. It
appeared as if the animals were conßicted about trying
to attract a mate or scaring us away.

Mean alarm call intensity was reported as 103.1 dB
(re 1 � 10�12 W m�2 (�2 � 10�4 dynes cm�2) at a
distance of 50 cm) with a range of 88.1Ð107.4 dB (n�
16) (Sanborn and Phillips 1995). The wariness of the
species prevented us from approaching close enough
to obtain intensity measurements while animals were
calling in the Þeld but our data show that mean alarm
data are generally close to the intensity measured in
calling males with the differences normally attributed
to the greater variability of alarm call intensities (San-
born and Phillips 1995).
Morphology. The holotype female of C. nigroalbata

was described in detail and a habitus picture provided
(Davis 1936). The species was described from the

single female Davis had in his possession based on the
differences in coloration and shape of the head. Davis
(1942) Þnally obtained access to male specimens and
mentioned that C. nigroalbata might represent a
northern race of C. curvispinosa and that specimens
from northern Mexico were desirable. However, the
description of the male consists of a few comparative
statements (tergum shining black, black timbal covers,
and upturned spine on pygofer) to C. curvispinosa
along with a habitus picture of a male (Davis 1942).
However, C. nigroalbata and C. curvispinosa differ
most notably in the shape of the uncus (the uncal
lobes curve smoothly inC. curvispinosawhile they are
bent at an approximate right angle distally [Fig. 3B]
and bifurcate at a greater angle [Fig. 3C] in C. ni-
groalbata) as well as the shape of the head and col-
oration as noted in the original species description and
we have recorded C. nigroablata from southern So-
nora. The differences between the species are con-
sistent over their respective ranges do represent two
distinct species. We describe and illustrate the geni-
talia and opercula of both sexes (Fig. 3) to facilitate
identiÞcation of the species. These structures are tax-
onomically useful in cicadas but have not been de-
scribed or illustrated previously.

Fig. 3. (A) Habitus of C. nigroalbata collected in Santa Cruz County, AZ. Male genitalia (B, C), female genitalia (D, E),
male operculum (F), and female operculum (G) ofC.nigroalbata. Scale bar � 2 cm (A), 2 mm (BÐG). (Online Þgure in color.)
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Male pygofer castaneous edged in black, upper py-
gofer lobe extended into curving horn not meeting
medially (Fig. 3B). Dorsal beak small. Anal styles cas-
taneous and black surrounded by orange anal tube.
Pygofer basal lobes small, ochraceous, ßattened
against posterior pygofer. Uncus castaneous bifurcat-
ing into laterally recurving spines (Fig. 3C). Aedeagus
castaneous with black lateral surfaces.

Female sternite VII testaceous marked with casta-
neous spots lateral to midline, single shallow V-shaped
notch posteriorly (Fig. 3D). Abdominal segment nine
black dorsally, becoming castaneous laterally and tes-
taceous ventrally that extends to posterior margin
(Fig. 3E). Dorsal beak and anal styles black. Dorso-
lateral surface with short golden pile. Ventral surface
with sparse, long, erect golden pile. Gonocoxite IX
testaceous. Gonopophysis IX castaneous. Gonapophy-
sis X testaceous with long erect golden pile, extending
to level of anal styles.

Male operculum orange, black at base, reaching to
middle of sternite IV (Fig. 3 F). Medial margins over-
lapping, posterior angle smoothly rounded, posterior
margins straight to midline, medial margin sinuate in
area of overlap, and lateral margins straight. Female
operculum testaceous, black at base (Fig. 3G). Pos-
terior margin sinuate reaching to sternite II. Opercu-
lum covered with white pubescence anteriorly and
laterally in male, completely covered in female. Fe-
male operculum with long white pile on surface and
radiating from posterior and lateral margins. Mera-
canthus elongated triangle, ochraceous with black
base. Meracanthus tip is black in the female, no mark-
ing in male specimens.
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