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CHAPTER 1

Introduction

In the introduction to their treatise on the biotic associations of
cockroaches, citing some 1700 references, Roth and Willis (1960)
concluded that, "our detailed knowledge of cockroaches is based on
studies of few domiciliary pests that man attempts to eradicate.
Comparable studies of the bionomics of the 1less well known species
should add much valuable information to our knowledge of this ancient
group." In the years since the treatise, and to a large extent because
of Roth's continued research, the cockroach has become a "white rat" of
invertebrate biological research. Yet, the gloomy picture presented
above has changed 1little. Of the 109 studies 1listed in the 1980
Biological Abstracts wunder the heading "cockroach", 55% deal with

physiological aspects and/or control of Periplaneta americana or

Blattella germanica. The other 49 reports examine one or several species

maintained in laboratory cultures. Of these, 65% address developmental,
genetic, cellular, or molecular questions. Methodological,
psychological, and papers dealing primarily with other animal groups
comprise the bulk of the remaining 17 papers. With few exceptions, the
behavioral and ecological studies are conceived and implemented in the
laboratory. These statistics are representative of other recent years
as well. Our total ecological information on several species which are
well studied in laboratories is provided by the 1labels accompanying

museun sSpecimens. For instance, both Gromphadorhina portentosa and
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Nauphoeta cinerea have been studied extensively with regard to their

social behavior, neurophysiology, and endocrinology (see Bell and
Adiyodi, 1981). Yet, our understanding of their natural habitats and
ecological associations is 1limited to vague geographic distribution

data.

A. Classification of Blattaria

Cockroaches are placed in five families comprising two major
phyletic 1lineages separated on the basis of reproductive strategies and
morphology (McKittrick, 1964).

Members of the primitive Cryptocercidae are oviparous and they are
physiologically and ecologically similar to termites. The Blattidae are
also oviparous, producing egg cases frequently; embryogenesis proceeds
in the discarded ootheca. Blattellidae 1is the largest family with
members ranging from the blattid reproductive mode to a strategy
conferring greater protection on the developing embrycs; the female may
rotate and then carry an ootheca externally (attached at the genital
pouch) until the young hatch. Females in the family Polyphagidae also
carry the ootheca externally after rotating it in a manner similar to
some of the blatellids. The most advanced forms occur in the largely
tropical Blaberidae. In all of the Blaberidae the egg case 1s rotated
and retracted internally into the uterus where embryogenesis occurs.

Pseudo-viviparous Diploptera punctata represents the most highly evolved

strategy within the Blaberidae. The implications of these reproductive
strategies will be discussed in relation to spatial distributions,

communication and social behavior of cockroaches.
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B. Habitat preferences and microhabitat selection

Few studies deal with cockroach habitat preferences under natuaral
conditions, although laboratory investigations document preferences for
temperature (Gunn, 1934, 1935; Gunn and Cosway, 1938; Edney et al.,
1978; Appel, 1982), humidity (Gunn, 1935; Gunn and Cosway, 1938; Edney
et al., 1978; Appel, 1982), light conditions (Goustard, 1958; Crawford
and Cloudsley-Thompson, 1971), types of shelters (Berthold and Wilson,
1967; Mizuno and Tsuji, 1974), and substrate (Takagi, 1979; Crawford and
Cloudlsley-Thompson, 1971).

Gautier (1974a,b) studied the spatial distribution of burrowing
blaberid nymphs in caves. The number of nymphs found in each 50 cm
square sample correlated positively with both the depth and quantity of
organic matter in the substrates tested. Nymphs concentrate in zones in
the substratum where bat guano, fruit, and twigs dropped by bats
accumulated . Nymphs are absent from zones of dry soil, stones, or
pebbles. Therefore the positions of bats in the cave, which determine
the placement of guano, are related to the horizontal distribution of
nymphs.

Cockroaches employ behavioral strategies to cope with adverse desert

climates. Arenivaga and Polyphaga (Polyphagidae) avoid the heat and low

humidity of the desert by associations with burrowing turtles and
rodents during the day (Roth and Willis, 1960). The relative humidity
inside kangaroo rat burrows, for example, is several fold higher than
that recorded on the desert surface (Schmidt-Neilsen, 1949, in Roth and

Willis, 1960). Desiccated A. 1investigata can absorb water vapor from
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the surrounding air at relative humidities of 82% or above (Edney,
1966). Relative humidities of 82% and above are available only 45 cm
below the sand surface (Edney et al., 1974). Hence these microhabitats
may provide cockroaches with a predictable source of water.

The patchy diurnal distribution of cockroaches near desert plants
also can be explained by water relations (Hawke and Farley, 1973; Edney
et al., 1974). Micorrhizae that coat adventitious roots of desert
shrubs (Harley, 1959) and contain 35-38% moisture are found in gut
smears of Arenivaga sp. These fungi are probably utilized as sources of
water as well as nutrients. Arenivaga sp. 1is never seen on branches or
leaves of plants above the desert floor, and surface activity ceases if
the temperature reaches 400 C (Hawke and Farley, 1973). By contrast,

adult males of A. investigata emerge above the surface, perch on

bushes, and fly to lights (Edney et al., 1974).

Studies that delineate microhabitat preferences in forest
communities are limited to species descriptions with qualitative
information on distribution, life histories, and general habitats (e.g.,
Blatchley, 1920), and classification of habitats based on s0il types,
drainage, slope, and floral compositions (e.g., Cantrall, 1943; Friauf,
1953). Lawson's (1967) work is a summary of trapping data, but no
information is provided on the methods employed, types of traps used, or
the schedule of trapping. Gorton's (1980) study of six wood cockroaches
(Blattellidae) in Kansas examined vertical and horizontal distributions,
relative abundance, and seasonal varlations 1in grassland and forest
habitats.

The need for intensive work on temperate cockroaches is best
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illustrated by the contrasting results of these and other papers. For
instance, Lawson stated, on the basis of a few captures, that

"Parcoblatta bolliana was strictly a grassland cockroach species in

Kansas, and P. 1lata was frequently in open woodlands." Gorton, on the
basis of two "nonforest" and 12 "forest" sightings considers, the former
a forest species; on the basis of 110 captures he found P. lata most
commonly in prairie and disturbed grasslands. Both studies agree that
P. uhleriana and P. virginica are forest species, but Friauf (1953)
found the latter only in scrub habitats. Unfortunately, differences
between the field sites and methods preclude a direct comparison of
these studies.

Four species of Ectobius (Blattellidae) were observed by Morvan
(1972) 1in Brittany in the following biotopes: E. lapponicus on
mesophilous heathlands under pine trees, E. 1lividus along borders
between forest and mesophilous heathlands, dry heathlands, and edges of
peat bogs, E. panzeri on meso- and xerophilous heathlands and E.
sylvestris on mesophilous heathlands, peat bogs, and forest borders.
Other data from Europe indicate localizations of E. lapponicus and E.
panzeri in deciduous forest. Strict relationships between a given
habitat and any one of these species are not evident.

Other reports of microhabitat selection include investigations of
specialized niches. Roth and Willis (1960) reviewed associations of
cockroaches with termites, ants, bees, wasps, and birds. Although no
studies attempt to delineate preferences of commensal cockroaches, much
information is available about the biotic and physical characteristics

of these microhabitats. Many cockroach commensals are restricted to
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their myrmecophilous or termicophilous habitats, although other
occasional or accidental associations were reported (Roth and Willis,
1960). Commensal associations are no doubt the result of ecological
convergence of unrelated species on similar microhabitats (Chopard,
1924) .

Rotting logs and loose boards offer a microhabiﬁat for many tropical

and temperate species. Best studied 1is Cryptocercus punctulatus

(Cryptocercidae) in the Appalachian mountains and in Oregon and northern
California in the U.S. (Cleveland et al., 1934; Seelinger_ and
Seelinger, unpublished). Family groups of a male, female, and nymphs
excavate in fallen rotting logs which are wused as food. Other
congeneres occur in similar habitats in the Far East (Bobyleva, 1975).
Extensive work of Cleveland et al. (1934) on this cockroach and its
symbiotiec protozoans examines, among other topics, the geographical and

microhabitat distribution of C. punctulatus. Forested localities with

dense 1leaf-litter provide a suitable cool environment for C.

punctulatus, but "the main factor (controlling the distribution of this

insect) is probably the effect of temperature on its cellulose-digesting
protozoa without which it cannot exist" (Cleveland et al., 1934).
Many species have been collected under loose bark of live or fallen

logs, including North American species of Parcoblatta (see Roth and

Willis, 1960). Schal and Seelinger (unpublished) noted that Capucina
patula Jjuveniles in Costa Rica were vrestricted to these habitats,
whereas adults were occasionally seen on nearby foliage. Being
cryptically colored and dorso-ventrally depressed, C. patula is well

adapted for burrowing in crevices.
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C. Objectives of present research

My overall goal was to gain insight into the distributional ecology
of some tropical cockroaches and to relate ecological patterns to
interspecific, intraspecific, and trophic relations among cockroaches.
Most cockroaches are tropical. Studies of temperate species concern
ecologically marginal (usually domiciliary) species. Therefore, this
study of some tropical species is a start for investigations of
cockroaches in the habitats where they are most abundant and diverse.

Chapter 2 is a taxonomic treatment of three of the common species at
the La Selva field site, and a related species from San Vito, Costa
Rica. It was essential that these species be named and their
phylogenetic relationships understood in order to record and understand
the biological information concerning them.

Chapter 3 reports the framework of the research. In it I describe
the cockroach community and present data relating to perch height and
various niche metrics., Differences in resource utilization between the
major phyletic lines are discussed.

In Chapter U4 1 address the problem of differential habitat
utilization by the sexes and examine its role in mate-finding.

Chapter 5 is a study of sexual selection in one species. It relates
male contribution of urates to females to nitrogen deficient
environment. This study was part of a larger effort to relate sexually

divergent habitats to trophic differences between males and females.
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CHAPTER 2

New Species of Epilamprine Cockroaches from Costa Rica and Panama

(Blattaria: Blaberidae)

Four new species of Epilampra are described, E. involueris and E.
belli from Costa Rica, and E. unistilata and E. rothi from Costa Rica
and Panama. The first three, along with E. carinulata (Saussure), are

designated as the Carinulata Group of Epilampra.
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INTRODUCTION

Several undescribed species of cockroaches were encountered in Costa
Rica and Panama in recent years. In this chapter four new species are
described, and some biological notes given in order to facilitate future
studies. I follow Roth's (1969, 1970a,b, 1973) methods of dissection
and preparation of the genitalia and his system (as derived from
McKittrick, 1964) for naming the parts. Roth (1970b) in his study of
the genus Epilampra Bﬁrmeister, 1838, discussed the close affinities of
Audreia Shelford, 1910, to Epilampra and the ambiguities encountered by
other specialists (Hebard, 1920; Rehn and Hebard, 1927) resulting from
Shelford's characterization of Audreia. Consequently. Roth transferred
all the Audreia species which he examined, except the type-species, A.

carinulata (Saussure), 1895, into either Subgroup A of his Burmeisteri

Group or his monotypic Heusseriana Group of Epilampra or to the genus

Poeciloderrhis Stal, 1874. Roth based his conclusions chiefly on the

morphology of the male genitalia, noting that the primary character used
by Shelford, the reduced subquadrate tegmina in both sexes, is not

shared by all Audreia. For example, A. exploratrix Gurney has lateral

lobate tegmina, while A. bromeliadarum Caudell and A. cicatricosa

(Rehn) are apterous. Three of the species described here share
characters of the male genitalia and lack of a left style with A.
carinulata, yet the nymphal color patterns, where known, are typical of
Epilampra. I consider these four species to comprise a new species group
within the genus Epilampra.

The holotypes and allotypes of all four species described here are
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deposited in the Ohio State University Entomology Museum. Paratypes are
divided about equally between the Snow Entomological Museum, University
of Kansas, and the F.W. Fisk collection.
Carinulata Group

Adults wusually shining reddish brown; tegmina usually short,
subquadrate in both sexes (but may beifull length); sub-genital plate of
male asymmetric, single right style; hooked phallomere, R2, stout,
without subapical incision, sheath proximal to base of R2 without row of
slender setae noted for most Epilampra; sclerotization of 1left
phallomere, L2d, diagnostic for the group and species within it; nymph
tan or gray, numerous dark punctations as typical for Epilampra.

Appearance of R2 in this group very similar to R2 in Poeciloderrhis (as

defined by Roth, 1970a), but no Carinulata Group species shows abdominal

tergal glands as noted for male Poeciloderrhis.

KEY TO SPECIES OF THE CARINULATA GROUP

1. Adult fully winged in both sexes ——————eee—- unistilata, new species
Adult with tiny wing rudiments and short subquadrate tegmina in both

sexes 2

2. Smaller, length of male under 14 mm, of female under 18 mm

carinulata (Saussure)

Larger, length of male 16-23 mm, of female 22-28 mm 3

3. Male with flattened sclerotization of left phallomere, L2d, L-shaped
and blunt-tipped (Fig. 2-1A); female with latero-posterior angles

of abdominal tergum 7 acute; supra-anal plate with very shallow

(0.15 mm deep) median notch involucris, new species
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Male with flattened sclerotization of 1left phallomere, Lad,
hammer-head-shaped (Fig. 2-1D); female with latero-posterior angles

of abdominal terga 3-7 acute, spinelike; supra-anal plate without

median notch belli, new species

Epilamra involucris Fisk and Schal, NEW SPECIES

Figs. 2-14, 2-1B, 2-1C

Male holotype. Measurements in Table 2-1. Head broad and flat,
interocular distance nearly half width of head, distance between white
ocellar spots one third width of head; maxillary palpus pale, distal
(fifth) segment covered with gray microtrichiae giving it a velvety
appearance; segment 5 longer than 4, slightly shorter than 3; mouthparts
lighter colored than reddish brown of head and body; antennae brown,
shorter than body. Pronotum convex, semicircular in outline,
latero-posterior angles rounded, right and 1left posterior margins
straight, meeting at obtuse angle (160 degrees); pronotum covering most
of head; tegmina truncated, one and a third times as long as pronotum,
their latero-posterior angles broadly rounded, posterior margins nearly
straight, exposing 7 abdominal terga but covering tiny wing rudiments;
tegmina smooth, venation feebly indicated by 1lines of shallow
punctations between scarcely elevated veins.

Abdominal terga, except tergum 7, bear acute spines at
latero-posterior angles, smooth except for up to 18 low longitudinal
ridges (cicatrices) on distal quarter of each tergum; tergal glands or

specializations not evident; supra-anal plate extends beyond sub-genital
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plate, broadly rounded posteriorly with shallow (0.2 mm deep) median
noteh; plate reddish brown proximally, distal half nearly transparent
with scattered small raised black spots, each surrounded by a setal
socket; cercus 1light brown, flattened, stout, apparently 10-segmented;
terminal segment finger-shaped, bladk—tipped. Genitalia (Figs.
2-14,B,C) similar to those of carinulata (Roth, 1970b, Figs. 347-352);
hooked right phallomere (R2) small, stout, blunt-tipped except for
minute distal spine; subapical incision lacking. R2 of holotype has
apparent split on outer circumference of hook, but split lacking in
dissected paratypes. Flat sclerotization of 1left phallomere (L2d)
blunt-tipped and L-shaped as in carinulata, but membranous prepuce
readily visible due to thick covering of microtrichiae; phallomere L1
with deep, well defined cleft, setal brush lacking.

Abdominal sterna smooth, transverse except posterior margin of
sternum 7 with sharp lateral emarginations at base of each cercus, the
remainder broadly concave; sub-genital plate with anterior margin
broadly convex, posterior margin convex laterally, broadly emarginate
centrally with simple (0.5 mm) right style, left style absent. Legs and
ventral body surface brown, 1less reddish than dorsal surface;
ventro-anterior margin of front femur with 4 large spines separated by
fow of minute setae from 2 apical spines; ventro-anterior margins of
mid- and hind femora with U4 spines plus apical spine, of hind-femur with
4 spines only; mid- and hind femora with dorso-apical (genicular) spine.
Tibiae fully spined; tarsi with obvious pulvilli on 4 proximal
tarsomeres, large arolium and simple symmetrical claws on fifth

tarsomere.
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Female allotype. External form and color similar to those of male
except as follows: Tegmina with posterior margins broadly rounded,
merging imperceptibly with latero-posterior angles; tergum 7 with
latero-posterior angles acute; supra-anal plate uniform reddish brown,
lacking color pattern noted for type, plate more transverse, not
extending beyond sub-genital plate; median notch shallow (0.15 mm deep) .
Sub-genital plate fused with sternum 7 (as in all female blaberid
cockroaches), its anterior margin slightly convex, posterior margin

semicircular with sinuate outline. Genitalia not studied.

Male nymph (subimago). Head broad, distance nearly half head width,
interocellar distance 0.35X head width; front of head brown with
scattered dark punctations, mouthparts lighter colored, maxillary palpus
as in adult. Antenna brown; pronotum convex, semicircular in outline,
posterior margin transverse, latero-posterior angles broadly rounded and
extending posteriorly; meso- and metanota exposed; transverse wing pads
seen as broadly rounded latero-posterior angles; color of entire notum
light gray, heavily marked with black punctations and dark brown spots,
spots concentrated centrally along posterior margins of terga.
Abdominal terga bear acute spines at latero-posterior angles and raised
cicatrices as described for adult; each cicatrix marked by dark brown
spot; other spots on terga apparently formed by clusters of scattered
dark punctations. Overall coloration shows "salt and pepper" effect
characteristic of Epilampra. Supra-anal plate semicircular with broadly
rounded latero-posterior margins reflexed and median notch at posterior

end; coloration gray with numerous punctations; tan, black-tipped cerci
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stout, weakly segmented. Abdominal sterna 1light brown with dark
punctations; sub-genital plate with right style present, left absent

(earlier instars have symmetrical paired styles).

Types. Holotype male, allotype female, 6 male and 3 female
paratypes and 2 nymphs all from Costa Rica, Heredia Province, Finca La
Selva near Puerto Viejo, collected by me during 1979 and 1980; other
male and female paratypes from same locality collected by F.W. Fisk in

March 1974.

Remarks. Epilampra invulucris may be separated from other species

in the Carinulata Group by means of the key. Based on external
morphology alone it is difficult to separate from E. belli, but the
male genitalia are distinet. AMlso, based on present knowledge, the
species are allopatric; involucris is found in the Caribbean lowlands of
north-central Costa Rica while belli occurs in the - Pacific highlands in

southern Costa Rica near the Panama border. Epilampra involucris 1is

commonly found 1in both primary and secondary (older than 20 years)
forests. The males rest in leaf-litter by day but climb onto vegetation
at dusk, rarely climbing higher than 50 cm above the ground (see Chapter
3). Females and nymphs occur in the leaf-litter though occasionally
late instar nymphs and females climb as well. The courtship sequence

is somewhat similar to that of Gromphadorhina portentosa (Schaum)

(Barth, 1968). Following contact with a female the male arches his
abdomen down and then up in a sweeping motion until he contacts the
female's genitalia. The more common sequence noted in Blattaria,

namely, mounting of the male by the female, does not occur in this
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species. Copulation takes place in the usual opposed position and lasts
20 to 30 minutes. As in other blaberid cockroaches, the oothecae are
not deposited externally but are held in the genital pouch until the
young are hatched. Dissection of six oothecae disclosed 50% 2.53 (mean
*+ standard deviation) developing embryos in each.

The name involucris refers to the flightless condition which this

species shares with most members of the Carinulata Group.

Epilampra belli Fisk and Schal, NEW SPECIES

Figs. 2-1D, 2-1E, 2-1F

Male holotype. Measurements in Table 2-2. Head broad and flat;
interocular distance just over half head width, interocellar distance
one third head width; dark reddish brown color of body and head extends
to clypeus; clypeus and mouthparts buff; expanded distal segment of
clypeus velvety gray; antenna brown. Pronotum and tegmina as 1in
involucris; both species show suffused sprinkling of darker spots around
margins of pronotum and tegmina comparable to black punctations of other
Epilampra. Latero-posterior angles of abdominal terga 2-4 about 90
degrees, of terga 5 and 6 acute, spinelike, of tergum 7 rounded. Terga
smooth except for cicatrices along distal  margins; tergal
specializations absent. Supra-anal plate extends beyond sub-genital
plate, broadly rounded posteriorly with very shallow notch; exposed
portion of plate mostly transparent with scattered setae; cercus 1light
brown, apical segment slender, black-tipped. Abdominal sterna and

sub—-genital plate as in involueris (right style present, left absent).
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Genitalia (Figs. 2-1D,E,F) similar to those of involucris except as
follows: R2 1lacks any split on its outer circumference, L1 more
sclerotized, L2d with free sclerotized portion shaped like hammerhead,
proximal extension truncate, apical extension blunt-tipped;
additionally, a sclerotized portion extends into membranous prepuce;
prepuce nearly transparent, lacking microtrichiae. Legs differ from
those of involucris only in 3 (rather than U4) 1large spines on

ventro-posterior margin of hind-femur and smaller tarsal arolia.

Female allotype. External features similar to holotype except as
noted: Posterior margins of tegmina broadly rounded, merging with
latero-posterior angles; abdominal terga 3-7 with 1latero-posterior
angles acute, spinelike; supra-anal plate uniform dark reddish brown,

posterior margin without median notch; sub-genital plate with

anterior margin slightly convex, posterior margin semicircular.

Types. Holotype male and allotype female from Costa Rica,
Puntarenas Province, Finca Las Cruces near 3San Vito, collected by W.J.
Bell January 27, 1980; one male paratype collected by M. Kosztarab
February 12, 1970 at same 1locality; one male, 3 female paratypes

collected by F.W. Fisk February 4-6, 1974 from same locality.

Remarks. Epilampra belli is closest to E. involueris but can be

separated from it as noted in the key and remarks under involucris. Very
little is known of 1its biology except that it favors very moist
habitats. The species 1is named after Dr. William J. Bell who

collected the type specimens.
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Epilampra unistilata Fisk and Schal, NEW SPECIES

Figs. 2-1G, 2-1H, 2-1I, 2-2B

Male holotype. Measurements iﬁ Tablé 2-3. Head flat; interocular
and interocellar distances nearly equal; about a quarter head width;
vertex tan; nearly black interocellar band present; face and mouthparts
mostly buff; maxillary palpus with fifth (distal) segment covered with
gray microtrichiae, segments 3 and 4 subequal in length, shorter than 5;
antenna brown; pronotum exposing vertex of head and dorsal areas of
compound eyes; pronotum vaulted, anterior and lateral margins forming a
semicircle; 1latero-posterior angles broadly rounded, right and left
posterior margins straight, meeting at 120 degrees angle; bgse color
mottled red brown, interrupted by poorly defined pale median line.
Tegmina fully developed, extending beyond tips of cerci; discoidal
sectors (M + Cu veins) oblique; wings and tegmina transparent, tinted
with reddish brown, but tegmina also with darker brown mottling. Light
brown abdominal terga have latero-posterior angles broadly rounded,
cicatrices barely visible, tergal specializations 1lacking; supra-anal
plate semicircular, rounded posterior. margin with oblique median
emargination; cercus slender, nearly 7X longer than wide.

Genitalia (Figs. 2-1G,H,I) characteristic for Group; R2 small and
stout with blunt tip, no subapical incision or slender setae on sheath;
L1 with a deep open cleft; L2d with flattened sclerotized portion ovate
distally, proximal portion (adjacent to L2vm) with deep U-shaped
emargination. Sub-genital plate (Fig. 2-2B) convex anteriorly and

posteriorly, posterior margin with ample median emargination, single
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style arising from right edge of emargination. Abdominal sterna 1light
reddish brown with scattered darker tiny spots, no spots on legs and
ventral thorax; ventro-anterior margin of front femur with 3 large
spines separated by row of widely spaced minute setae from 2 apical
spines;’ ventro-anterior margins of mid- and hind-femora al so
ventro-posterior margins of front .and mid-femora all with 3 large spines
plus apical spine, ventro-posterior margin of hind-femora as above but
lacks apical spine; in addition, mid- and hind-femora bear genicular
spine. Tibiae fully spined; tarsi with obvious pulvilli on 4 proximal

tarsomeres; arolium present; claws simple, symmetrical.

Female allotype. Similar to male in external form and color except
as follows: Interocellar band not so dark; supra-anal plate with large
posterior median emargination; cerci less slender, about 4X longer than
wide; sub-genital plate with posterior semicircular margin entire;
ventro-anterior margin of front femur with 4 large spines (rather than
3); ventro-posterior margin of hind femur with 4 spines plus genicular

sSpine.

Types. I collected the holotype and allotype in copulo May 4, 1979
in Coéta Rica, Heredia Province, Finca La Selva near Puerto Viejo; 5
male and 3 female paratypes collected by me in 1979, same locality; 3
male paratypes collected in light traps by H. Wolda July 10 and October
13, 1977 1in Panama, Chiriqui Province, Fortuna; 5 male paratypes
collected in 1light traps by H. Wolda February 17 and May 10, 1980 in

Panama, Bocas del Toro Province, Corriente Grande, on Rio Changuinola.
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Remarks. Epilampra unistilata is the only member of the Carinulata

Group to have fully developed, functional wings and tegmina. It is
placed in the group because of the single right style (from which the
name is derived; Latin Stilus) and the morphology of the male genitalia
which are most similar to those of carinulata.

Variations among the paratypes are noted in the intensity of
coloration and the spination of the legs, that is, the ventro-anterior
margin of the front femur has 4 (sometimes 3) spines separated by a row
of fine setae from the 2 (sometime 1) apical spines; the
ventro-posterior margin of the mid-femur usually has 4 plus a distal
spine; and the hind-femur wusually has U4 large spines but no distal
spine.

Epilampra unistilata occurs in the 1lower understory of 1lowland

rain-forests (see Chapter 3). Males are active starting around sunset.
They usually climb to 0.5 to 1.5 m above the ground. As noted above,
they have been taken in 1light traps. Females are rarely seen and
usually occur lower in the vegetation. Courtship was not observed, but
copulation 1is in the typical opposed position. The ootheca of one

female contained 36 developing embryos.

Epilampra rothi Fisk and Schal, NEW SPECIES

Male holotype (light form). Measurements in Table 2-4. Head flat,
with interocular and interocellar distances equal, one fourth as wide as

head; vertex pale cinnamon, interocular space suffused with dark brown,
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darkest adjacent to inner margins of eyes and ocellar spots; central
brown mark just below ocelli and separated from interocular band by pale
tan area, the mark connected dorso-laterally with pair of commalike
spots, their "heads" directly beneath but not touching ocelli; pair of
median brown spots on clypeus below central mark; remainder of head pale
except gray-brown segments 4 and 5 of maxillary palpus; antenna brown.
Vaulted pronotum covering most of head; ground color of pronotum and
tegmina cinnamon, disc with diffuse pattern of darker areas; wide
borders of pronotum and costal margins of tegmina pale with scattered
darker spots; tegmina and wings translucent. Abdominal terga tan,
latero-posterior angles rounded, no cicatrices or tergal
specializations; supra-anal plate semicircular with median emargination
not evident in holotype (but present in some paratypes); cercus slender,
about 5X longer than wide; genitalia as in Figs. 2-1J,K,L; R2 with
obvious subapical incision and row of slender spines proximal to base;
L1 with short open cleft, setal brush lacking but a few widely scattered
microtrichiae at that site; L2d shaped like mitten with thumb extended
at near right angle; prepuce clearly defined by its scalelike covering.
Legs and ventral surfaces of thorax and abdomen tan with a few darker
spots, abdominal sterna increasingly darker towards posterior; reddish
brown sub-genital plate (Fig. 2-2C) convex anteriorly, trigonal
posteriorly with nearly straight latero-posterior margins meeting at
midline as a blunted right angle, simple style located at center of each
latero-posterior margin; right style somewhat 1larger. Ventro-anterior
margin of front femur with 5 large spines separated by row of close-set,

short setae from 2 apical spines; ventro-anterior margins of mid- and
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hind femora with 3 large spines plus apical spine, of mid femur with 4
spines plus apical spine, of hind femur with U4 spines only; tibiae fully
spined; tarsi with pulvilli on U4 proximal tarsomeres and arolium on

fifth tarsomere between simple, symmetrical claws.

Male paratype (dark form). Differs from holotype in color as
follows (Fig. 2-2A): Ground color of whole body buff, contrasting with
numerous dark brown markings; vertex of head pale with dark stripes just
dorsal and ventral to 1it, the 2 ventral stripes filling most of the
interocular plus interocellar space (stripes fuseq on the midline in
some paratypes); below stripes, but separate, is central dark mark with
its dorso-lateral commalike extensions; this mark fused with clypeal
spots noted 1in holotype, resulting in very dark central mark with well
defined margins which, along with small 1lateral spots and black
mandibles, comprises characteristic facial pattern; maxillary palpus
with light and dark bands on all segments. Dark disec of pronotum
contrasts sharply with> pale but spotted borders:; very dark marks
irregular (but consistent) in shape; obvious central pale area within
dise enclosing 2 pairs of small black dots; tegmina with numerous dark
brown spots, some fused into mottled dark areas especially along radial
vein; venter of thorax and abdomen plus legs marked with numerous nearly
black spots; some larger marks on coxae and femora and dark bands on
tibiae and tarsi; sub-genital plate and 2 adjacent sterna reddish brown

except for narrow pale latero-posterior borders.

Female allotype (light form). Similar to male holotype except as

follows: General <coloration more intense, dark markings on face as in
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dark form except the 2 clypeal spots not fused with central face mark;
dise of pronotum and most of tegmina pale with numerous dark spots;
abdominal terga shading to dark reddish brown towards supra-anal plate;
plate dark with narrow pale borders and short median stripe extending
anteriorly from posterior margin about a quarter length of plate;
posterior margin with oblique median emargination; legs and venter of
thorax and abdomen colored as in dark form males; sub-genital plate

semicircular in outline.

Female paratypes. Other Costa Rican females 1less intensively
colored than allotype, correspond more to cinnamon colored light-form
males, while Panamanian females correspond to dark form males; that is,
they have 2 clypeal spots fused with central facial mark, dark pronotal

disc with central pale area and no cinnamon color on dorsum.

Types. Holotype and allotype taken in copulo by me February 23,
1980, Costa Rica, Heredia Province, Finca La Selva near Puerto Viejo; 6
male and 3 female paratypes also collected by me in 1979 and 1980, same
location; 2 female paratypes collected by M. Kosztarab and A. Young in
light trap, January 10, 1970, same 1location; 2 female and 2 male
paratypes taken by H. Wolda 1in light traps, May 1978, May and June
1979, Panama, Chiriqui Province, Fortuna; 24 male and female paratypes
taken by H. Wolda in light trap between January 13 and May 10, 1980,

Panama, Bocas del Toro Province, Corriente Grande on Rio Changuinola.

Remarks. Epilampra rothi appears to represent the "n. sp. D"  of

Dr. louis M. Roth (1970b) for whom I have named the species. As
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pointed out by Roth it is closest to but distinect from Epilampra azteca

Saussure and falls in Group C of the Burmeisteri Group of Epilampra. It

exhibits considerable range in coloration. The dark form (from Panama)
with striking dark markings against a pale background (Fig. 2-2A) most
closely resmbles azteca and has been mistakenly identified as azteca 1in
the past (Roth, 1970b), while the light form (from Costa Rica and the
adjacent Chiriqui Province of Panama) with suffused chestnut brown
markings on a cinnamon brown background appears quite different. Both
populations agree in external morphology and male genitalia, and I am '
treating them as one species. As noted in the descriptions some
individuals show color patterns between the dark and light extremes.

Epilampra rothi is probably the most common species of its size in

the 1lower understory of the Costa Rican lowland rain-forest, but it is
apparently more restricted in its Panamanian distribution. Males are
common on leaves starting about sunset usually 0.5 to 1.5 m above ground
(see Chapter 3). Females are realtively scarce and occur lower in the
vegetation, while nymphs are common in the leaf-litter. Copulation is
in the opposed position. Courtship was not observed. I collected 3

males of this species in north central Nicaragua along the Rio Bocay.
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Table 2-1.

Measurements of adult Epilampra involucris in mm.

Holotype
male
Total length 19.0
Pronotum, length 5.3
Pronotum, width 7.5
Tegmen, length 6.3
Tegmina, width 9.0
Abdomen, length 11.9

Hind-tibia, length T.2

6 Paratype
males

(Range)

16.6-22.6
5.0-5.5
7.7-8.5
5.9-6.9
8.7-10.2

11.8-14.0

6.6-8.5

Allotype

female

25.6
7.0
10.2
7.9
12.2
14.5

9.2

3 Paratype
females

(Range)

25.4-28.2
5.5-6.9
9.1-10.2
5.9-9.0

10.9-12.4

12.4-14.6

8.3-9.8

33
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Table 2-2. Measurements of Epilampra belli in mm.

Holotype 2 Paratype Allotype 3 Paratype

male males female females
(Range) (Range)
Total length * 18.6-19.0 22.2 22.4-26.5
Pronotum, length 5.2 5.1-5.8 6.0 6.3-8.0
Pronotum, width 7.2 T.1-7.3 8.4 9.1-10.0
Tegmen, length 6.3 5.9-6.1 T.7T 7.9-9.8
Tegmina, width 8.8 8.9-9.1 10.9 10.9-12.4
Abdomen, length ¥ 9.5-10.1 15.8 14.5-17.1
Hind-tibia, length 6.5 6.6-6.8 8.2 7.5-9.5

* Tip of abdomen removed for dissection of genitalia.



Table 2-3. Measurements of Epilampra unistilata in mm.

Holotype 8 Paratype Allotype 3 Paratype

male males female females
(Range) (Range)
Total length 20.2 20.8-22.4 23.0 24.4-24.8
Pronotum, length 4.0 4.0-4.3 b,y 4,8-5.0
Pronotum, width 4.9 5.1-5.6 6.6 6.7~7.2
Tegmen, length 16.7 17.7=-19.7 19.4 20.0-~20.8
Tegmina, width 9.1 ©9.1-10.5 10.5 9.3-10.3
Abdomen, length 9.3 9.1-10.4 10.7 -

Hind—tibia, length 6-7 6-5—608 7-3 7-4-7-7



Table 2-4.

Light Form

(Costa Rica)

Total length
Pronotum, length
Pronotum, width
Tegmen, length
Tegmina, width
Abdomen, length

Hind-tibia, length

Dark Form

(Panama)

Total length
Pronotum, length
Pronotum, width
Tegmen, length
Tegmina, width
Abdomen, length

Hind-tibia, length

Holotype 8 Paratype
male males
(Range)
20.0 19.4-20.2
4.2 3.7-4.1
5.1 4.7-5.7
16.8 16.6-17.3
8.2 7.5-9.4
10.8 10.4-11.0
6.3 5.4-6.5
24 Paratype
males
(Range)
18.2-20.6
3.9-4.4
4.7-5.0
16.0-18.3
7.7-9.3
10.3-11.1
5.1-6.4

Measurements of Epilampra rothi in mm.

Allotype

female

20.8
4.3
5.7

17.0
9.0

11.1

6.0

36

5 Paratype
females

(Range)

19.4-22.3
Bo1-4.7
5.4-6.6

16.0-19.4
8.4-9.9

11.5-13.8
6.0-6.6

3 Paratype
females

(Range)

20.7=-21.3
3.7-4.7
5.0-5.9

16.1-17.9
9.1-10.0
9.9-12.4

5.2-6.6
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Figure 2-1. Male genitalia of Epilampra épecies. A,B,C, E.
involueris. D,E,F, E. belli. G,H,]I, E. unistilata. J,K L, E.
rothi. A,D,G,J, Ventro-medial sclerite of left phallomere (L2vm),
dorsal sclerite of L2 (L2d), prepuce (P). B,E,H,K, Hooked sclerite
of right phallomere (R2), subapical incision (SI). c,F,I,L, First
sclerite of 1left phallomere (L1), cleft (C). Scale bars = 0.5 mm.

Fig. J from Roth (1970b, fig. 281).






