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1. INTRODUCTION

Flea Beetles Alticinae is the largest subfamily of the Chrysomelidae with

approximately 560 genera and 8000 species described. The scientific name of

the type genus, Altica Fabricius 1775, is derived from the Greek `haltikos'

which means good at jumping. Although the Latinization of the original Greek

name by Fabricius 1775 may not be entirely correct, following the rules of the

International Code of Zoological Nomenclature the correct spelling for the

type genus is Altica not Haltica thus, Alticinae not Halticinae see detailed

discussion in Furth 1981. The common name, Flea Beetle, is also basically

derived in several languages from their ability to jump in an analagous

fashion to the true fleas Siphonaptera. Flea Beetles include, with the pos

sible exception of some species of fleas Rothschild et al 1975, the best

jumpers among all insects and, indeed, among all living creatures. Most

Alticinae use this jumping ability voluntarily in a very effective manner to

avoid potential predators or entomologists. Lindroth 1971 observed that

birds are not able to catch Flea Beetles that are on foliage because of the

beetle's effective escape by jumping. Jumping also serves as an efficient

method of locomotion, especially for flightless populations. Flea Beetles can

leap long distances relative to their body size length. For example, a 7 mm

long Blepharida sacra Weise has been measured to jump up to 70cm or about

100 times its body length! Also five European genera were tested in more

detail and found to be excellent jumpers, at least one Longitarsus species

jumped considerably more than 100 times its body length M. Schmitt, in litt..

After leaping Flea Beetles might take off in flight, fall to the ground often

cryptically and feign death, or alight in a normal way on a plant, possibly a

foodplant, ready to feed, mate, or jump again.

Alticinae are easily distinguished from other Chrysomelidac, and most

other Coleoptera, by greatly enlarged hind femora. Maulik 1929a first dis

covered that the swollen Flea Beetle metafemora contained a special internal

structure which he referred to as a `chitinized endoskeletal tendon'. Maulik
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also observed that this structure had a constant orientation and form with only

slight variations. Maulik studied 12 genera by clearing the hind femora he did

not exise this structure from the metafemoral capsule; thus, morphological

details were probably not apparent. Maulik speculated that this chitinized

tendon acquired its form by constant use in a particular way. He believed that

any chrysomelid possessing this `tendon' was an alticine and that any Flea

Beetle that could not jump demonstrated degeneration of this structure. This

chitinized tendon has since often been referred to as Maulik's Organ Scherer

1971, but also sometimes called Costa Lima's Organ Barth 1954, extensor

apodeme Wilcox 1965, or metafenioral apodeme Furth 1980. Because this

structure is not an apodeme in the strict sense see discussion below, and it is

clearly the functional structure of the Flea Beetle jumping ability, it is current

ly referred to as the metafemoral spring Furth 1982, 1983, 1985. The Sagrinae

also have greatly swollen hind femora but are much larger than alticines, do

not jump, and have no homologue to the metafemoral spring Paulian 1942.

The metafemoral spring has been referred to by previous workers as the

distinguishing character between Alticinae and the nearest subfamily, the

Galerucinae Heikertinger 1948, Mohr 1960, Wiesner 1970, Scherer 1971.

Some galerucines that have somewhat swollen hind femora may be difficult to

distinguish from alticines unless a hind femur is examined by clearing or

dissection for the presence or absence of the metafemoral spring. Recently,

quite unexpectedly, it was discovered that there are differences in the meta

femoral spring morphology among Flea Beetle genera Furth 1976,1979, 1980,

1982, 1983, 1985. Thus, the metafemoral spring may be an important factor in

evaluating the phylogenetic relationships between the Galerucinae and Altici

nae as well as among alticine genera.

2. SPRING ANATOMY

Figure 1 illustrates the position and orientation of the metafemoral spring in

the hind femoral capsule and its attachment to the metatibia, it also shows the

musculature associated with the spring. Figure 2 illustrates the anatomy of the

spring with the associated terminology. The large primary tibial extensor

muscle inserts onto the dorsal edge of the ventral lobe of the spring via an

irregular layer of connective tissue - the cuticular sheet Figure 4. In those

genera that have the ventral lobe of the spring extended into a recurve flange,

the primary tibial extensor is inserted onto it by the cuticular sheet. The

significance of the recurve flange is not known; however, it increases the area

of the spring body which stores the energy Ker 1977. The secondary tibial

extensor muscle inserts onto the dorsal lobe from behind i.e., mostly in the

dorsal furrow. The three furrows Figure 2 are named for their position in the

anatomy of the metafemoral spring and not for the direction that they face.

The ventral furrow only occurs in genera with a recurve flange. Ker in litt.
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has divided the dorsal lobe into basal and apical Figure 2, extended arm parts

based on functional aspects of the jumping mechanism. The dorsal view of the

metafemoral spring Figure 8 shows its spring-like form, the central and

dorsal furrows, the relationship of the ventral and dorsal lobes, and the parts of

the dorsal lobe. Details of dissection and preparation of the metafemoral

spring are given in Furth 1980, 1982, 1983.

3. SPRING FUNCTION

Other insects can jump a great distance relative to their body size, e.g.,

fleas, grasshoppers, leafhoppers. For this they require special energy storage

mechanisms that are generally constructed either from rubbery or strong

fibrous materials Bennet-Clark 1976. Maulik 1929a, Lever 1930, and

other assumed that this metafemoral `organ' and Lever's triangular plate were

made of chitin or a `chitinized tendon'. Furth 1980b suggested that the

apodeme may be a type of modified scierotized tendon possibly containing the

elastic protein resilin, and possibly not chitin. However, various tests for

resilin in the metafemoral spring have been negative M. Rothschild in litt., R.

Ker in litt., Furth et al. 1983. Furth et a!. 1983 determined that the meta

femoral spring is made of fibers of the polysaccharide alpha-chitin, together

with protein. The orientation of these thick fibers and their chitinous composi

tion are well-suited to a spring-like function of this organ. In addition, the

different textures of the inner and outer surfaces of the spring seem to be

consistent with a deflective distortion and recoil of this structure Furth et al.

1983. Contraction of the spring muscles cause its dilation, with a build up and

storage of tension energy, which probably causes a deformation of the chiti

nous tissue through an elastic bending of its rigid rod-like molecular structure.

With the sudden release of the tension the tissue snaps back into shape. Even

though the metafemoral spring has been referred to as an apodeme Wilcox

1965, Furth 1980, this is not actually accurate. The classical definition of

apodeme implies a usual rigid invagination of the exoskeletal wall Snodgrass

1935, Leftwich 1976, which this structure is not Furth 1980, 1982. The spring

is floating in the metafemoral capsule attached to the exosketon by muscles

and by a ligament to the base of the tibia. It is possible that during development

chitin is deposited in the spring through the tibial ligament, but this remains to

be proven.

Maulik 1929a thought that the modifications of the metatibiae of the

Alticinae which he examined Maulik 1929b were probably related to the

development of the metafemoral spring. Expanding on Maulik's studies Lever

1930 discovered a triangular `chitinized tendon' ventral to the apex of the

spring. Lever's triangle is attached to the base of the tibia by a short tendon or

ligament and to the ventral edge of the metafemur by a long tibial flexor

muscle Figure 1. Barth 1954 was the first one to give an explanation of the
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morphology and function of the metafemoral spring as the jumping mecha

nism of Flea Beetles. Barth's theory states that the small Lever's triangle

enters the femora! capsule, upon contraction of the tibia! flexor, and is caught

in a cavity on the inner wall of the femur. Simu!taneously the spring becomes

partially dilated by the some of the tibial extensor muscles and pushes against

Lever's triang!e; catching it and preventing tibia! extension. The remaining

tibia! extensor muscles then contract to the point that Lever's triangle is

dis!odged releasing the stored tension, extending the tibia suddenly, thus

catapulting the beetle into the air. Although Barth's explanation seems appar

ently reasonable, it is morphologically and functional!y incorrect Furth 1980,

1985; Ker 1977, in litt.. The muscular tension energy can apparently be

voluntari!y quickly created, he!d, and then quickly released. The two tibial

extensor muscles Figure 1 are definite!y responsib!e for the quick and power

ful jump, but the exact catch and release mechanism for this energy is not yet

known. The primary tibial extensor muscle pu!ls on the cuticu!ar sheet Figure

4 which greatly distorts dilates the ventral lobe and stores most of the

energy; whereas, the dorsal lobe distorts relatively !ittle and stores !ittle energy

Ker 1977, Furth 1982. The tension energy from the tibia! extensors is focused

through the spring onto the base of the metatibia by a tough !igament. Lever's

triang!e does enter the metafemora! capsule only when the tibia is flexed.

Although it is ostensibly impressive that some Flea Beetles can jump more

than 100 times their body !ength, from an energetics standpoint the important

thing is the percent of the body weight that is used for jumping H. Rennet-

Clark in litt..

4. SPRING MORPHO-GROUPS

Examination of approximately 75 genera of Alticinae primarily Palearctic

and Nearctic, see Table 1 confirms the initial discovery Furth 1980 that

within each genus the morphology of the metafemora! spring is constant but

with inter-generic differences of varying degrees. No variation of the meta

femora! spring within or between species of a genus has been found due to sex,

jumping ability, eco!ogy, or distribution; only differences in spring size exist

relative to different body size. Thus far, the springs of almost a!] genera can be

classified into six morphological groups. The morpho!ogical differences

among these spring groups are primarily based on: the overall spring shape;

the relative length of the dorsa! to the ventral !obe; the angle of the dorsa! edge

of the lobes relative to the perpendicular axis of the spring body; and the

development of the recurve flange. For detailed descriptions of the morph

o!ogica! characteristics of each of the six spring morpho-groups see previous

studies Furth 1980, 1982. Figures 2-7 are representative of each of the six

morpho-groups.
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Figure 1. General anatomy of the metafemur, posterior view after Barth 1954 and Furth 1982.
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Figure 2, Morphology of the metafemoral spring, anterior view; with schematic drawing. Altica

oleracea Lion. - Morpho-group 2. after Furth 1982.



Figure 3. Metafemoral spring of Herrnaeophaga ruficotils Lucas - Morpho-group 1. after

Furth 1982.

Figure 4. Metafemoral spring of

1982.

Chaetocnema coyei Allard - Morpho-group 5. after Furth
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Metafemorat spring of Psylliodes hyoscyami Lion. - Morpho-group 6. after FurthFigureS.

1982.
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Figure 6. Metafemoral spring of Phyllotrela judea Pic - Morpho-group 3. Scanning Electron

Micrograph. white line lower right is scale of 100 microns = 0.1 mm. after Furth 1982.

Figure 7. Metafemoral spring of Longitarsus nigrofasciatus Goeze - Morpho-group 4. after

Furth 1982.




