Exercise 3Internal Anatomy of the Lubber GrasshoppdRomalea

This exercise is modified fromttp://www.lander.edu/rsfox/310romalealab.html It is copyrighted
(2001, 2004) but unpublished IBrofessor Richard Fox of Lander University. | am grateful to him for
making this available for free educational us¢ighlighted text indicates dissection instructions.

Systematics
Arthropodd, Mandibulata, Hexapod§ Insectd, Pterygota, Metapterygota, Neoptera,
Orthopterodea® Orthopterd, Caelifer&®® Acridoided’, Romaleida® Romalea guttata

Orthoptera

Orthoptera includes 20,000 species of grasshoppers, crickets, locusts, katydids, and their
relatives. These are mostly large insegtith an enlarged pronotum. The hind femora are large and
adapted for jumping. Females have a large ovipositor but male genitalia are not visible externally. Most
are herbivores. Romaleidae are the lubber grasshoppers.

Supplies

Dissecting microscope drdissecting tools (forceps, scalpel, scissors, probes, needles)
Small dissecting pan or dish (a sardine tin with a wax bottom is ideal)

Living anesthetized, freshly sacrificed, or presefiRedtalea

Carbon dioxide, chloroform, or ethyl acetate for livipgsimens

40% isopropanol

Laboratory Specimens

The eastern lubber grasshoppétpmalea guttata is often used as the introduction to insect
anatomy. Romaleais a large insect, reaching 50 to 75 mm in length, and is easily dissected. It is a good
exampleof general, relatively unspecialized insect anatomy.

Romaleais best studied using anesthetized living, or freshly sacrificed specimens. Preserved
animals are much less satisfactory. Unfortunately, the life cycle is such that living adults areabt us
available during the academic year when they are needed. These instructions are based on unpreserved
specimens and references to color usually do not apply to preserved material.

The lubber grasshoppers (Romaleidae), are mostly found in Centigbauth America but one
speciesR. guttataoccurs in the eastern United States. This species ranges from Tennessee and the
Carolinas south to Florida and Louisiana. Within its range its distribution is patchy but where present it
may be very common irhe summer. Romalea guttatais flightless and has reduced wings, so if the
specimens provided have complete, functional wings, they are not the eastern lubber grasshopper.

Lubbers are herbivores with chewing mouthparts. Like other orthopterans theye hav
hemimetabolous developmentEggs diapause over winter and hatch in April into miniature glossy black
grasshoppers with orange, yellow, or red markings, with a-aical stripe. Juveniles undergo a series
of molts during the summer and in July undetbe final molt and become a winged adult.

The adult is gray, black, and yellow, with pink on the forewings. The hind wings are hot pink
with a black border but are usually hidden. Females (about 70 mm) are larger than males (about 55
mm) and, of cowse, have a short ovipositor which is lacking in males.

External Anatomy
Tagmata

Examine a male or femakRomaleaunder magnification. The three tagmata of the insect body
are the head, thorax, and abdomehig.1). The head, which shows few external signs of segmentation,
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bears the eyes, antennae, mouth, and mouthparts. Its major functions are sensory reception and
feeding. The thorax is larger and bears three pairs of legs and two pairs of wings. The @l timee
largest tagma and is conspicuously segmented. It houses most of the digestive, excretory, and
reproductive viscera and appendages, when present, are specialized for copulation or oviposition. The
external genitalia at the posterior end of the@gtmen are highly modified segmental appendages.

Head

The head is enclosed in a hard, heavily sclerotized, unsegmented, exoskeletal head capsule, or
epicranium. The mouthparts are attached ventrally to the capsule, a condition known as hypognathus.
The mouth is located on the ventral surface of the head @nsurrounded by the mouthparts. These
mouthparts enclose a space, the preoral cavity, from which the mouth opens. The head is more or less
ovoid in shape with a nearly vertical anterior surface.

Figurel. Lateral view of an adult male lubber graspper from Greenwood, SC.
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Most of the head is enclosed in a single hard piece of exoskeleton composed of the fused
sclerites of the head segments. It covers the dorsal anterior and lateral aspects of the head and is
divided into regiongFigs.1 and 3. The regions are labeled in tHégures; the terms may be of use
when identifying insects and the$égures can be used to locate the regions.

A pair of large multiarticulate, sensory antennae is attached in deep sockets on the -antero
dorsal corner®f the head (Figs. 1, 2, 3). The antenna consists of two basal articles, the proximal scape
and distal pedicel, to which is attached the long multiarticulate filamentous flagellum (Fig. 3). The
antennae are the first pair of segmental appendages oftisedt head.

A large, bulging compound eye is located dorsolaterally on each side of the head just posterior
to the base of the antenna (Figs. 1, Zxxamine the surface of a compound eged note that it is
composed of an uncountable number of small lighteiving ommatidia. The surface of the eye is a
specialized, transparent part of the exoskeleton divided into countless tiny hexagonal cuticular corneas,
one for each ommatidium.

In addition to the two compound eyes there are three tiny, simple eyes, or ocelli (Fig. 2). These
are not composed of ommatidia. Two of them are lateral ocelli located between the compound eyes
and the antennae (Fig. 2). The unpaired median ocellusaseldon the anterior midline of the head in
a pit on the vertical ridge between the two antennae (Fig. 2).
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Figure2 (left). Frontview of RomaleaFigure3 (right). Dorsal view of the head and prothorax of a
femaleRomalea
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The labrum, or upperpgi is also located on the vertical anterior face of the head capsule (Figs. 1,
2,4). ltis a large movable plate, equipped with muscles, ventral to the clypeus. It bears a small median
notch on its ventral border and a median groove on its anterioramgf The labrum covers the more
posterior mouthparts. Lift the labrum to demonstrate its mobilitgnd to reveal the preoral cavity ¢ S Qf €
return to this shortly

Immediately posterior to the labrum is a pair of mandibles (Figs. 1, 2, 5). In grasshoppers these
massive mouthparts are adapted for biting and chewing. Their heavily sclerotized and strongly toothed
median surfaces are apparent when the labrum is moaside.

Figure4 (left). En face view of the clypeus and labrumRafmalea Figure5 (right). Anterior (left) and
posterior (right) views of the left mandible Blomalea

frons
> — C(&jpeug
— \
/ \ lakromn

polar

caclsors

POSTERON VIEY
PosSTEROM, w ARTEROK VIEW

The toothed, median, cutting surface of the mandible includes a distaitral) incisor of sharp
shearing teeth and a proximal molar of heavier grinding te€ily.6). You can see these by lifting the
labrum.

The mandible articulates with the ventral edge of the posterior epicranium (gena). The
mandibles lie on eitheside of the mouth and are the sides of the preoral cavity from which the mouth
opens dorsally. Mandibles are operated by powerful muscles with the motion entirely in the transverse
plane. Grasshopper mandibles are dicondylic, meaning they articulateocahinges, thus limiting the
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range of motion to a single plane. A monocondylic articulation, on the other hand, would be a ball and
socket joint with a much greater range of motic@rasp a mandible with fine forceps and move it to
demonstrate its motion.

Figure6 (left). The left maxilla oRomalea Figure7 (right). The labium oRomalea
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Posterior to the mandible are paired maxillae (Figs. 1, 6). Each maxilla consists of two basal
articles. A large, conspicuous, filamentary, and multiarticulate maxillary palp also arises from the stipes
but on its lateral side (Figs. 1, 6). The last phhead appendages is fused to form the labium, or lower
lip (Figs. 1, 7). The labium is easily seen in its entirety by looking at the posterior surface of the ventral
head. It forms the posterior boundary of the preoral cavity. The regions of tihentadre shown in Fig.

7. The lateral borders of the mentum each bear a filamentous, multiarticulate labial palp.

Push the labium posteriorly and look into the preoral cavifje labium forms its posterior wall.

The anterior wall is the labrum. The mandibles and maxillae are the sides. Inside the cavity you will see
the large hypopharynx extending from the ventral wall of the head immediately posterior to the mouth.

It isan unpaired fold of the body wall and is not a segmental appendage. The mouth lies between the
base of the hypopharynx and the labrum.

Thorax

The heavily sclerotized head and thorax are connected by a short narrow Figck)( whose
integument is ligtly sclerotized and consequently flexible. The thorax consists of three fused segments,
each of which bears a pair of legs. Two of the thoracic segments typically bear a pair of wings, which are
complex folds of the body wall and are not segmental aglagres. Wings, which are present only in
adults, are characteristic of most insect orders.

The three thoracic segments are, from anterior to posterior, the prothorax, mesothorax, and
metathorax Fig.1). The mescand metathoraces are fused rigidly torfio an inflexible box housing the
flight muscles and bearing the wings. Together they are referred to as the pterothorax in reference to
the wings they bear (pter= wing).

A typical arthropod segment is enclosed in four exoskeletal plates, or seletfiiat form a ring
around the segment. These are the dorsal tergite, ventral sternite, and two lateral pleurites. These
sclerites are typically joined together by flexible articulating membranes but sometimes they are fused
rigidly together. This priitive pattern often undergoes some modification in modern arthropods,
including grasshoppers.
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Prothorax

The grasshopper prothorax is covered by a large shieldlike tergal plate called the pronotum
(Figs.1, 3). (The tergites of the thorax are called natgther than tergites.) The pronotum covers the
prothorax and partly overhangs the mesothorax. The prosternite, located ventrally, is much smaller and
bears a conspicuous median prosternal spine.

Theprothoracic leggFig.1) articulate with the prdtorax. The pleurites of the prothorax, the
propleurites, are small and located between the prosternite and the pronotum. Together the
prosternite and propleurites form sockets for the articulation of the forelegdote the flexible,
unsclerotized cuti@ forming an articular membrane between the base of the leg and the socket. Rotate
the leg around the articulation to demonstrate its mobility.

Each body segment bears a pair of lateral openings, or spiracles, for gas exchange. One such
spiracle is fand on each side of the prothorax. It is located laterally near the border between the
prothorax and mesothorax in the soft unsclerotized cuticle under the posterior edge of the pronotum.
Try to find it. The prothoracic spiracles are difficult to seecaase they are hidden by the pronotum.

The more posterior spiracles are easier to locate.

Pterothorax

The pterothorax comprises the mesand metathorax. Each segment bears a pair of wings and
a pair of legs. The wings of the mesothorax are thewvangs Fig.1), and those of the metathorax are
the hindwings. The mesothorax bears the middle légg.(), or mesothoracic legs. The metathorax
bears the hindlegs, or metathoracic legs.

Dorsally the two segments of the pterothorax are covered by two sclerotized tergites known as
the mesonotum and metanotum. Similarly the ventral surfaces are protected by the mesosternite and
metasternite. The pleurite on each side of both pterothorasggments is divided into two smaller
plates. The legs articulate between the ventral edge of the pleurites and the sternites. The wings arise
between the dorsal edge of the pleurites and the nota (tergites).

A spiracle is situated laterally between tpéeura of the metathorax and mesothorakig.1).

Note that its opening is guarded by two movable valvElse opening ithe slit between the twovalves

Legs

Study one of the middle legsThis appendage, typical of insect legs, is composed afearli
series of units, or articles. Each article consists of a sclerotized exoskeletal cylinder which contains
muscles, tendons, blood, connective tissue, and neMese that while most of the limb exoskeleton is
rigid and heavily sclerotized, some paate flexible and unsclerotizedThe unsclerotized regions are
the movable articulations between successive articlesook at some of the articulations under
magnification and find these flexible articular membranes.

The first (proximal) articlef the leg is thecoxa (Fig.1). It is short, wide at the basand
narrows distally. Articulated with the distal end of the coxa is the short, cylindticahanter. The
trochanter is fused immovably with the lofigmur. The femur is one of the two loragticles of the leg.
Thetibia, which is the second of the long articles, articulates with the distal end of the femur.

Pay particular attention to the hard parts of the articulation between the femur and tiblzey
form a dicondylic hinge joint sihar to that in your elbow and knee (but exoskeletal). Such a joint
restricts motion to a single plane. The tibia is long and slender with teeth on its margins.

Next in line along the leg is th&arsus composed of tarsomeresF{g.1). The number of
tarsomeres varies among insects. The proximal tarsomere bears three soft, unsclerotized friction pads
on its surface to prevent slipping of the tarsus on the substratum. The second tarsomere is much
shorter and has a single friction pad. The final arti¢lénhe leg is thepretarsus It extends from the
distal end of the tarsus and bears a pair of claws andg@lessoft friction pad.
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The forelegs are nearly identical to the midlegs but the hindlegs are much larger. They make
possible the characteristiumping locomotion of grasshoppers. The large coxa is fused with the
trochanter and the femur and tibia are much elongated. In addition, the femur is expanded to
accommaodate the jumping musclegiving ita club or drumstick shape.

wings

The two pairsof wings are evaginations or folds of the cuticle and body wall of the two
segments of the pterothorax. Each wing is a double layer of body wall consisting largely of cuticle. The
characteristic "veins" of the wings are thickened tubes of exoskeletavad in support. Their primary
function is structural but they contain epidermis, nerves, and blood. The hindwings of the flightless
Romaleaguttata are small and are not used for flight. The forewings of all grasshoppers, including
Romaleaare heavy and form a pair of wing covers to protect the more delicate hindwings.

Lift and spread the wing covers (forewings) and examine them with magnification. Note the
heavy longitudinal veins and the abundance of small, branching and anastomesisg Make a similar
examination of the hindwings.

Abdomen

The grasshopper abdomen consists of 11 segments and extends posteriorly from the Figrax (
1). Itis the largest of the tagmata and most of its segments have no appendages. Its segmésntati
obvious externally.

Numbered from anterior to posterior, abdominal segmenig are similar to each other and are
unspecialized insect segments. Segmen® &e reduced and modified and may bear appendages.
These are the genital segments andyneve appendages modified as external genitalia. Segments 10
11 are the postgenital segments.

Each segment is covered by a large dorsal tergite and a ventral stefigté)( Eleven tergites
are present but several of the posterior segments laekrdtes and, as a consequence, there are only
eight sternites in females and nine in malésg6.7, 8). The pleurites are reduced and fused to the
ventral edges of the tergites.

The first abdominal segment is fused rigidly with the thorax. Its tergitaostly hidden by the
base of the hindwings. Each side of tergite 1 bears a large aperture covered by a thin cuticular tympanic
membrane (= tympanum or eardrum)Find this structure. These are auditory organs for sound
transduction. Some species olbber grasshoppers have stridulating organs with which they produce
sound. The spiracle of the first abdominal segment is located on the anterior edge of the tympanum.
This spiracle opens into a large air sac attached to the inner surface of the tympanum

The posterior abdominal segments are associated with the external genitalia and differ from
other segments and between males and females. The large anus is on segment 11 ventral to tergite 11
(tergite 11 is the epiproct). Itis covered by the sirepgproct and flanked by two paraprocts. Exchange
specimens with another student in order to study the opposite sex.

Female

Externally, female segment 8 is similar to the preceding segments except that its sternite is
known as the genital platd-{g.8, 9). The egg guide is a triangular, median process of the genital plate.
Segments posterior to 8 are reduced and lack sternites. The tergites of segments 9 and 10 are reduced
and fused laterally although they remain separate dors#lig.8). The 11thtergite, or epiproct, forms a
triangular dorsal shield rather than an arch over the body. Its pointed end projects posteriorly and
covers the anus. Associated with it is a lateral paraproct on each side, ventral to the epiproct.

Between the 11th tergé and each of the paraprocts is a small cercus. The cerci are the
appendages of segment 11. In some orthopterans, such as crickets, they are long antenniform sensory
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organs, but inRomaleathey are very short. Female external genitalia are modified segmental
appendages belonging to segments 8 and 9. Together they form the short robust ovipositor extending
posteriorly from the abdomenFind as many of these structures as you can.

Figure8 (left). Lateral viewof female abdomenFigure9 (right). Posterior view of the external genitalia
of a femaleRomalea The first and third valvulae are reflected ventrally and dorsally, respectively.

The ovipositor consists of three pairs of processes, called valwiaeh are used by the female
to insert eggs into the ground. The first and third valvulae are conspicuous externally. The
inconspicuous, membranous second valvulae (= inner valves) are hidden from view by the first and third
and will not be seen. The gopore lies between the first valvula€i¢.9). The first and third valvulae
together form a hollow shaft that is used to penetrate the soil. The eggs pass from the gonopore,
through the lumen of the shaft, assisted by the second valvulae, and are tegposimasses in the soil.

FigurelO (left). Male abdomen in lateral viewkigurell (right).Posterior view of the external genitalia
of a maleRomaleawith the epiproct and sternite 9 reflected to reveal the penis. A magnified view of the
tip of the penis is shown on the right.

Male
The male posterior abdomen is simpler than that of the female (Figs. 10, 11). Segment 8
resembles Z7 and has an unmaodified sternite. Tergitet®are fused ventrally and separate dorsally as
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