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ABSTRACT

PROBABLE EVOLUTION AND MORPHOLOGICAL VARIATION IN
SOUTH AMERICAN DISONYCHINE FLEA BEETLES (COLE-
OPTERA : CHRYSOMELIDAE)Y AND THEIR AMARANTHACEQUS
HOSTS. G. B. Vogt, J. U. McGuire, Jr., and A. D. Cushman. U.8. Dep.
Agric. Tech. Bull. No. 1593, 148 pp. Address communications to G. B. Vogi,
Southern Weed Science Laboratory, Science and Education Administration,
Stonevilie, Miss, 38776.

Agasicles has an obligatory feeding relationship with three amphibious
amaranths, including Afternanthera philorercides (Mart.) Griseb. There is no
danger of host transfer in North America by Agusicles hiygrophila Selman and
Vogt. Disonychu argentinensis Jacoby is the closest extrageneric relative of
Agusicles. These flea beetles diverged from a terrestrial ancestral form resem-
biing D. argentinensis and coevolved with the amphibious amaranths. The plants
were advanced in their evolution when Agasicles appeared. A trifurcate distribu-
tion of forms resulted that centers on A. hygrophila. The middle arm consists of a
polytypic fasciate species, Agasicles opuce Bechyné, which overlaps a vittate
species, A. hygrophile. The four vittate semispecies that comprise the side arms
are geographically exclusive and constitule 2 superspecies. The vittate Agasicles
species have evolved primarily on alligatorweed centered in the lower basin of the
Rio de la Plata. Having undergone most of its evolution interacting with small-
stemmed alligatorweed, fasciate polytypic A. opaca diverged from the vittate
forms, continuing its evolution interacting mostly with the oversized stems of
Alternanthera hassteriana Chod,, the closest relative of alligatorweed. While this
refease from interaction with small stems relates to an accelerated rate of di-
vergence from the vittate forms, it also relates Lo slowed evolution of reproductive
isolation and therefore speciation among the fasciate forms. Normal bivariate
ellipses for 11 pairs of characters discriminate taxonomically between some of the
vittate scmispecies but not between forms of fasciate 4. opuca. Apparently,
interaction with the host-plant stem and the resulting rate of speciation drive the
taxon eycle within Agayicles. Instrumental in speciation of the genus and eon-
comitant in its evolution has been the seemingly de novo appearance and differen-
tiation of the sexually dimorphic external genitalia. Speciation has not occurred in
the other recognized specialized insect biotic agents of amphibious amaranths,
which, like Agasicles, have geographic ranges that are nearly coextensive with
that of alligatorweed in South America. These inelude Vagtic malloi Pastrana and
Amynothrips andersoni O'Netil, both of monotypic genera, and the leaf-mining
Agromyza elternantherae Spencer and Disonycha argentinensis, both of large
polytypic genera. Disonyche glabrafa (F.) may be the closest intragenerie rela-
tive of D. argentinensis. Character displacement, also known as ecological shift,
may have been the mechanism that led to the divergent host-plant spectra of these
two flea beetles. Disonycha argentinensis is 2 more specialized suppressant of
terrestrial alligatorweed and should be a more universally effective biocontrol
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agent than native North American D. xanthomelas (Dalman) and D. collata (F.), '
each of which has a broad host-plant spectrum and is an ecological nonanalog of D.
argentinensis. The mechanism of character displacement (ecological shift) pro-
vides a basis for possible utilization of exotic ecological homologs for weed control.
As an alternative to competitive displacement, character displacement could
result in coexistence through division of the niche and lead to more effective
suppression by both insects because of increased specialization. However, such a
process may drive the taxon cycle, and advancement along the cycle could lead to
less competitive advantage of the biotic agent in time.

KEYWORDS: Agasicles, spp., alligatorweed, Alternanthera spp., biogeogra-
phy, biological control, character displacement, coevolution, Disonycha spp.,
ecological shift, environment, extrinsic coevolution, evolution, flea beetles, host
specificity, intrinsic coevolution, morphological variation, normal bivariate
ellipses, phenoclines, polytypic species, semispecies, superspecies, taxon eyele.
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INTRODUCTION

Alligatorweed, Alternanthera philoxveroides, of
the Amaranthaceae, is indigenous to South America
but has been introduced into the Southern United
States, Puerto Rico,! India, Southeast Asiz (Scul-
thorpe 1967),2 and Australia.® In all of these places
it has become an economieally important aguatic
pest. In preparation for biological control of this
weed, Vogt carried out extensive field studies on
altigatorweed and various related amaranths and
their insect predators in South America during
1960, 1961, and 1962. He made additional field
studies in South America in 1970 and again in 1975,
when Hugo A, Cordojoined him in southern Brazil,
Argentina, and Paraguay. Vogt made limited field
studies of related amaranths on various trips into
the Southern United States, Mexieo, and Panama
between 1965 and 1971. With P. C. Quimby, Jr., and
S. H. Kay, he made exiensive field studies in the
Southern United States from 1972 through 1977.4
During these trips, more than 90 species of insects
were found affecting alligatorweed. Of the four
South American inseets recommended as control
agents, three have been introduced into the South-
ern United States and are successfully combating
alligatorweed (Maddox et al. 1871; Brown and
Spencer 1973; Blackburn and Durden 1972; Vogt
et al. 1975; Spencer and Coulson 1976; Coulson
1977, Agasicles hygrophila is one of these Insects.
This flea beetle and related disonychine species

IC. F. Zeiger, personal communieation, 23 Oet. 1975

*Literature Cited” begins on p. 133.

3K, E. Harley, personal communication, ¢ Sept. 1976,

Findings of these widespread field studies are reported in
detail in manuseripts in various stages of preparation, They are:
(1345 B. Vogt, P. C. Quimby, Jr., and 8. H. Kay, "Alligator-
weetl, Related Amaranths, and Their Biotic Suppres-
sants in the Americas”™; (2) G, B. Vogt, P. C. Quimby, Jr., and
S. H. Kay, "Field Studies of Flea Beetles, Host Plants, and Le-
biine Predator Parasites in the Southern United States™ (3}
G. B. Vogt, P. C. Quimby, Jr., and S, H, Kay, “Progress of Bio-
logical Conirol of Alligatorweed in the Lower Mississippi Valley
Region™ and {4) G. B. Vogt and H. A. Cordo, “Field Studies
of Flea Beetles, Host Plants, and Lebiine Predator Parasites
in South America.”

and alligatorweed and related amaranths are the
subjects of this bulletin.

It became evident that A. hygrophile and the
other vittate species of Agasicles have evolved ex-
ternal lock-and-key genitalia that serve to differen-
tiate the species, as shown in figures 2-5 (Selman
and Vogt 1971). These features, together with less
conspicuous differences in the uncleared aedeagi
{figs. 27-30), indicate that these populations are
reproductively isolated and are correctly recog-
nized as species. However, the wide-ranging and
irregularly variable Agasicles opaca {figs. 6 and 9)
shows little or no appreciable differentiation of
either the external lock-and-key genitalia or the
uncleared aedeagi. Additionally, facts about dis-
tribution, biology, and morphology obtained
during the study pointed to evolutionary relation-
ships between Agasicles and certain species of
Disonycha and to relationships among some of the
plant species and also to an intrinsic coevolution-
ary relation between the insects and their hosts.
Evidence of such relationships is discussed in the
first part of this bulletin, leading up to proposed
evolutionary dendrograms for the flea beetles and
plants, and a coevolutionary course is suggested in
the second part.

Because of the apparent relationship between
flea beetle form and host-plant-stem diameter,
Vogt's study included measurements of the inter-
node lengths and stem diameters of 145 specimens
of alligatorweed and two closely related amphibious
amaranths. All are indigenous South American
species, prineipally of the alluvial lands east of the
Andes. These plants are the only known hosts of the
five species of Agasicles, and with three terrestrial
species of Alternanthera, they are the only known
hosts of the closest extrageneric relative of
Agasicles, Disonycha argentinensis {fig. 1) {Vogt
and Cordo 1976). These six flea beetle species, 314
specimens in all, were measured for 22 different
dimensions of body and appendages. The data on
morphological variation of host plants and insects
are summarized and analyzed in the third part of




this bulletin. Their evolutionary and biogeographi-
cal meaning, taxonomic utility, and significance in
biocontrol of weeds are discussed in the fourth part.
The purpose of this bulletin in eightfold: first, to
present a digest of information on relationships
among the flea beetles and their host plants (most of
this information was derived from natural history
collections and from the field studies outlined
above); second, for the three species of amphibicus
amaranths, to present the variations in stem size in
terms of normal bivariate ellipses and relate these
to normal bivariate ellipses expressing the varia-
tions of external character dimensions of the flea
heetles (Disonycha argentinensis, each of the four
vittate Agasicles species, and the fasciate Agasicles
forms combined under A. opaca); third, to apply
these ellipses in discriminating taxonomically the
five recognized species of Agasicles; fourth, to indi-

cate the relationship between the mean values for
each set of proportions (x to ¥) in the evolutionary
course of the flea beetle species, supposing that
they diverged successively from a common terres-
trial ancestral form near Disonycha argentinensis:
fifth, to present separately the mean points and
normal ellipses for three geographic forms of the
fasciate Agasicies opaca and consider their tax-
onomic and evclutionary significance; sixth, to re-
cast all of these evolutionary relationships in view of
currently developing concepts of the biogeography
of South America; seventh, to examine critically the
possible coevolutionary course in the host plants
that may have diverged simultaneously from exclu-
sively terrestrial plants to become the present-day
amphibious plants; and eighth, from the results, to
make interpretations that are of importance in the
biccontrol of weeds,




RELATIONSHIPS AMONG FLEA BEETLES AND THEIR HOST
PLANTS

Some Host-Plant Characteristics

Except possibly Alternanthera maritima in
southern Florida, there is no species of this genus
indigencus to the United States. Howsver, closely
related Philoxerus vermicularis is probably indig-
enous along the beaches of the Gulf Coast States
(8Smalt 1933; Correll and Johnston 1970). The am-
phibious amaranths constitute less than 5 percent of
the estimated 120 species of Alternanthera known
from South America and the estimated 170 species
known from North America (the West Indies, Mex-
ico, and Central America) and South America
combined (Lawrence 1951). Most species are meso-
phytic or xerophytie; a few are halophytic. In
South Ameriea, there are three additional species
of amphiblous amaranths besides alligatorweed,
Alternanihera hassleriana, Alternanthera sessilis,
and Alternanthera reineckii. A. reineckil grows
along river courses, in seepage areas, and in wet
depressions (rain pools) over much of southern
South America. It is limited to regions of campe
(Roberto M. Klein in Smith and Downs 1972). We
have observed extensive colonies in depressions
behind a natural levee along the Tebicnary Riverin
Paraguay and a small colony in a wet meadow in the
Province of Corrientes.® These plants were being
used only by flea beetles of the genus Sysfena. A
fifth amphibious amaranth, Alternanthera tetra-
mera, occurs in Brazil,® but we have failed to find
this plant; apparently it too occurs in the campos.

According to Engler (1934), alligatorweed and A.
hassleriana are classified under section I of the
subgenus Telanthera, while A. sessilis, A. reinec-
kii, and A. teframera are classified under section I
(Allaganthera) of the subgenus Eualternanthera.
From this classification it is apparent that a signifi-

5T, M. Pedersen showed us our first colony of Alternanthera
reineckil in 8 wet meadow on Estancia Santa Maria, Province of
Corrientes, 16 Mar, 1975,

ST. M. Pedersen, personal communieation, 16 Mar. 1973,

cant divergence has been recognized between these
two groups, but not all botanists recognize A. has-
sleriana as distinct from alligatorweed because no
demonstrable differences in flower structures be-
tween the two plants have been found.

Each of these species grows in a range of habitats
from mesophytic terrestrial to aquatic. Most plants
are amphibious to the extent of being able to with-
stand at least partial drying of the habitat for
extended periods. Many plants root on banks and
shallow bottoms, or often, especially in the case of
Alternanthera hassleriana, attach themselves to
a lagoon bottom by a slender cordlike stem. High
water may completely submerge many plants,
which often refloat if rooted to peaty bottoms of
intermittent lagoons.

East of the Andes, alligatorweed grows over
much of South Ameriea in a variety of lagoons and
ponds and in sluggish to swift-flowing water-
courses. Habitats include ditchbanks, point bars
along meandering streams and rivers, and margins
along trough and oxbow lagoons, backwaters, and
distributaries in alluvial plains. In deltas, especially
that of the Parand River, alligatorweed grows
ublquitously in diverse aquatie to subaquatic habi-
tats {Burkart 1957). On higher ground along or near
the Parand River, often on cultivated land, alliga-
torweed frequently grows as a terrestrial plant
with rootlike rhizomes, some appearing like large
taproots. Many of these sites are seldom, if ever,
flooded. In Pedersen’s view {cited in footnote 8),
those above flood level may depend upon human
activities for establishment, but because alligator-
weed does produce viable seed oceasionally in
southern South America (Vogt 1978), its establish-
ment by natural means cannot be ruled out.
Alternasithera hassleriana very rarely produces
seed and is not known 1.0 grow on sites that are free
of flooding. Both Alternanthera sessilis and A.
reineckii normally produce abundant seed, and
both occur as terrestrial plants above the reach of
fluvial floods.




A. sessilis has an ecologiea! range similar to that
of alligatorweed. From what we have seen of this
plant in the Americas, it may not be an indigenous
species. However, in the sub-Andean portion of its
range, it is the only amphibious amaranth. The
smaller watercourses of this region are deeply
shaded by tropical rain forest. Under primeval con-
ditions, the plant may form colonies only where a
tree fall creates an opening. The range of this
tropicopolitan species extends into the West Indies,
Central America, and southern Mexico. It is impor-
tant to note that A. sessilis appears to be more
closely related to Southeast Asian species {T. M.
Pederson, cited in footnote 6).

The internodes of amphibious amaranths are usu-
ally hollow and can thereby provide the flov tion
needed in some aquatic habitats to keep most
of the foliage above water. The tropicopolitan
Alternanthera sessilis develops the most slonder
stems of the three species that are known hosts of
disonychine flea beetles in South America. A. has-
sleriana is the most highly specialized, having de-
cumbent floating stems with conspicuously inflated,
densely pilose internodes (fig. 7). This species is
adapted and restricted to insolated river lagoons
that fluctuate in level and even dry up for extended
periods. The internode pilosity, both when dry and
when wetted by a film of water, may protect against
the aquatic flea beetle Agasicles opaca.

A. obovata is confined to Mexico, Guatemala, and
Honduras. Although its flower structure is con-
sidered to be very different from that of A.
philoxercides,” it has the appearance of being a
North American counterpart of the Soutit American
indigene. This is probably a coincidence of con-
vergent evolution. Although they have similar
growth habits, A. obovaia has a narrower ecological
range than does alligatorweed.

Along the seacoasts of eastern Scuth America, of
the Carribean, and of the Guif of Mexico are two
species of Philoxerus. These curious halophytic
plants are similar in growth habit to alligatorweed.
Just as alligatoweeed is a pioneer plant of newly
deposited silts along freshwater courses, Phi-
loxerus is a pioneer along seabeaches.

L. B. Smith, personal communication, 1 Nov. 1967,

Pupation of Agasicles Species in
Host-Plant Si'en?:c

There are no host plante other than amphibious
amaranths for the genus Agasicles (Maddox et al.
1971; Vogt et al.?). A flavone feeding stimulant,
isolated from alligatorweed, is involved in the host
specificity of Agasicles hygrophila (Zielske et al.
1972). Ali known species of Agasicles are limited to
the near-saturation hurnidities of the subaquatic to
aquatic habitats of the amphibious amaranths.

Species of Disonycha that attack amphibious
amaranths are restricted to plants growing on ter-
restrial sites. These flea beetles are oligophagous
to near polyphagous. Disonycha argentinensis
(fig. 1), D. eximia, D. collata, D. xranthomelas, D.
glabrata, and several species of the very closely
related genus Phenrica {fig. 8) are known to at-
tack amphibious amaranths. All of these insects
pupate in soil and organic detritus, as do almost
all of their known terrestrial allies in the Alticinae.

Soil is not usually readily accessible to aquatic flea
beetles, and pupation can take place either on an
exposed surface, in a manner suggestive of the
Coccinellidae, or in the moist to wet soil near the
water’s edge. Lysathia flavipes of South America
and Lysathia tudoviciana of North Ameriea have
this facultative behavior. Agasicles pupation, on
the other hand, oceurs only inside the host-plant
stem, with the prepupal, slightly larger than head-
sized entrance hole being sealed with frass (not
fec:la) and a binder that may include an anal exu-
date. However, Maddox (1968) reports that “the
ingested [probably not beyond the foregut] stem
tissue from the entrance hole is masticated and re-
gurgitated to form a plug, and the plug is molded
along the perimeter of the hole by using the
pro[thoracic] legs and head. Some tissue used to
foerm the plug is also derived from the inside
walls ., . "

The developing flea beetle inside the stem is well
protected from rising waters that result in sub-

(Continued on page 10.)

*G. B. Vogt, P. C. Quimby, Jr., and 8. H. Kay, “Aligator-
weed, Related Amaranths, and Their Biotic Suppressants in the
Americas” {in preparation).

FiGURES 1-6.—Important specialized South American flea beeties of amphibious amaranths. Dorsal view of female, with more enlurged
lateral view of pygidium and prapygidium (a} and lateroventral side of abdomen of male (b). 1, Disonycha argentinensis. 2,
Agasicles iygrophila. 3, A, connerxa. 4, A. intervogationis. 5, A, vittata. 8, A. opaca (lower Amazon River form). [n figs. 2a-5aand
2b-5b the external genitalia increase in elaboration, progressing from A, hygrophila through A. vittatn, the vittate spedies. Also,
there is greater elaboration in fasciate A, opaca thanin 4. hygrophita,







FIGURE 7.—Procumbent floating growth habit of the amphibious amaranth Aiternanthera hassleriana. from a lagoon along the
Paraguay River. Note the pilose surface of the internodes and the extremely short, ascending portion of the stem, less than 10
millimeters long. This plant sometimes forms loosely woven floating expanses over lagoons and backwaters in South America.

When competing with stands of Eichhornia crassipes, it develops ascending stems like alligatorweed (see frontispiece). (From
Chodat 1917.)

FI6URES B-15.—Two more flea beetles of amphibicus amaranths, a ececinellid predator, and disonychine egg masses. 8, One of several
species of Phenrica that infest amphibious amaranths on terrestrial sites. 9, Agasicles opeca (Paraguay River form), 10,
Coleomegilla quadrifesciata, a probable mimetic madel of the fasciate speces of Agagicles (figs. 6 and 9. 11, Egg mass of
Disonycha argentinensis in soil at base of stem of host plant. 12-15, Egg masses of Agagicles on undersurfaces of leaves of host
plant (12, A, hygrophila; 13, A, connera; 14, A. vittata; 15, A. opaca, Paraguay River form). :










FIGURES 26-31_——Aedeagi of specialized South American flea beetles of amphibious amaranths. 26, Disonyche argentinensis. 27,
Agasicles hygrophile. 28, A. connexa. 29, A. interrogationis. 30, A, vittata. 31, A. opaca.

FIGURES 16-25.—I mmature stages of disonychine flea beetles and related Chrysomelidae, 16-18, Related larval flea beeties, advanced
third instar, lateral view (16, Disonycha argentinensis; 17, A opaca; 18, A. hygrophila). 19-20, Head capsule, enlarged to show
chaetotaxy, of Agasicles hygrophila (19, anterior view; 20, lateral view). 21-26, Various pupal flea beetles and a pupal galerucine,
Dorsal view and ventral view (a) of entire insect and more enlarged dotsolateral view {b) of abdominal segments VII, VIII, and IX
(21, Disonycha argentinensis; 22, Agasicles hygrophila; 23, A. opaca; 24, Altica ludovicinena; 25, Pyrrhalla {Galerucetia)
nymphaea).
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mergence of short duration, but death occurs under
prolonged submergence. Moreover, it is completely
protected from the ectoparasitic lebiine carabid
beetles, which are major enemies of flea beetles that
pupate in the soil, including the aquatic Lysathia
{closely related to Altica) species that pupate facul-
tatively in wet soil.

In contrast to an earthen pupal cell that can be
formed to fit the contained insect, the stem-
internode cavity may be either toc large or too small
for the pupal Agasicles. If it is too large, an inse-
curely attached pupa could easily fall into a wedged
position inside the internode cavity, from which
emergence might be impossible. A secure adhesive
attaching the prepupal integument to the substrate
and a pair of highly modified, T-shaped, giant setae
surmounting the abdominal posterior processes of
the pupa protect against this eventuality (figs. 22,
222, 22b, 23, and 23a). To these setze the larval
exuviae are inseparably attached.

The anal processes of the Disonycha species and
other Alticinae that pupate in the soil are armed
simply (figs. 21, 21b, 24, and 24b) and insecurely
engage the larval exuviae. In the surface-pupating
aquatic species of Lysathia, the setae surmounting
the anal processes are noticeably more developed
(fig. 24b}, and they cling to the larval exuviae more
tightly, but not inseparably as in Agasicles. In the
aquatic surface-pupating galerucine Pyrrhalia
(Galerucella) nymphaeae, evolution has pro-
gressed farther and along a different course to pro-
duce & remarkable giant T-shaped seta, developed
apparently from fusion and great enlargement
of the submedian pair of setae of tergite VII in-
stead of the posterior processes of tergite IX (com-
pare fig. 25b with 21b, 22b, and 24b).

If the stem cavity is too small, the prepupal
Agasicles may enlarge it by chewing away, but not
ingesting, the pithy walls. However, this enlarge-
ment may result in sufficient weakening tolodge the
stem and kill the enclosed insect. Natural selection
has, therefore, favored evolution of a slender pupa
(compare fig. 22 with 23 and 21) that is more likely to
fit inside the stem. Bruch (1908) was first to note
this conformation of the pupa.

The dimension most affected by the narrowing
process has been the pronotal width. Pro™ably be-
cause it is narrower than the pronotum, the head
width has been less affected. Also less affected has
been the width of the elytra. Elytral width repre-
sents maximum body width in the adult (figs. 1-6),
but in the pupa the elytra are folded closely against
the body. In addition, after ecdysis the elytra are
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the last rigid structures to selerotize in the teneral
adult. They remain pliable and conform to the con-
fines of the stem cavity and therefore do not require
great reduction in width. Much development of the
vitally important wing musecles and reproductive
organs occurs after the flea beetle emerges from
the stem, thereby filling out the pterothorax ang
the abdomen, which are embraced by the folded but
still pliable elytra.

During or after evolution of the stem internode
into the inflated and greatly enlarged form charac-
teristic of Alternanthera hassleriana (fig. 7), the
flea beetle larva, pupa, and adult became enlarged
and broadened to their forms in Agasicles opaca
(figs. 6, 9, 17, and 23). Elytral markings became
fasciate and orange colored in contrast with the
ivory markings of the slender vittate species. The
form and markings of fasciate A. opace have come
to resemble superficially a major predator,
Coleomnegilla quadrifasciata (Coceinellidae) (fig.
10}. This ladybird beetle may be a mimetic model
because ladybird beetles are thought to be gener-
ally distasteful to birds (Hodek 1978). The markings
of Agasicles opaca are aposematic, judging by
Rothschild's (1961} application of the term.

Although they are preyed upon by the same
species of coccinellid, the slender vittate species of
Agasicles show no tendency to mimic their major
predator. Instead, they resemble forms of other
rather distantly related genera in the Alticinae as
well as in the subfamilies Galerucinae and
Chryscmelinae. The significance of the resemb-
lance, which seems to be confined to southern South
America, is obscure. We have observed no cohabi-
tation of a site by two or more of these forms. But
this condition may not be necessary for the exis-
tence of mimicry {Hespenheide 1973).

Over the sub-Andean portion of its range,
Agasicles vittata (fig. 5), a rather large vittate and
mostly sylvan species, is entirely dependent on the
slender-stemmed Alternanthere sessilis. How-
ever, along streams in tropical rain forest, where
the only natural openings available for colonization
are widely separated tree falls, the plant probably
grows to full size before the flea beetle can find it.
As a result, stem diameters available for prepupal
eniry may commonly approach those of alligator-
weed during the period of initial attack. But drastic
reduction in diameter occurs in stems regenerating
from heavy Agasicles attack. This is also true to a
comparable degree in the case of alligatorweed,
which is the normal host plant about 800 kilo-
meters downstream. No significant size difference




in the insect was found between the two zones.
This is remarkable in view of the mortality in
the sub-Andean region, especially of females, from
the lodging of small-diameter stems at prepupal
entry points.?

Except possibly in disturbed situations in the
Plains (Llanos) of Mojés, Bolivia, none of the fss-
ciate forms of Agasicles mount the massive attacks
that the vittate species attain. This difference in
suppressive effect is probably because of the hirsute
nonascending stem and floating growth habit of
Alternanthera hassleriana. Little or no regenera-
tive growth of reduced stem diameter that could be
restrictive in pupating Agasicles occurs. Also, ex-
tensive observations in the field show that the fas-
ciate species and their host plant oceur typically
in insclated lagoons. In contrast, all the vittate
species require either cloud cover and rainfall or
forest shade for the high humidity (low evaporation
rate) needed for massive attacks that result in the
reduced stem diameter of regenerative growth.

Affinities Between Agasicles
and Disonycha

Because of their rather slender metathoracic
femora, slender prothorax, and general adult body
form, species of Agasicies were formerly placed in
the genus Systena. Only recently has a clear rela-
tionship between Agasicles and Disonycha been
reported (Selman and Vogt 1971). The affinity is
borne out by characteristies of both the adult and
immature stages.

The relationship is most evident in similarities in
antennal segmentation, in the aedeagi {figs. 26-31),
in head capsules, and in metathoracic wing venation
of the adults and in the chaetotaxy of the larvae
(figs. 16-20). The wings and the larval chaetotaxy of
Agasicles and Disonycha are almost identical.r®
Marked contrasts and discontinuities in these mor-
phological features are found when Agasicies and
Disonycha are compared with less related Al-
ticinae, such as species of Oedionychus, Systena,
and Altica, and with species of still more distantly
related genera of Galerucinae, such as Diabrotica
and Acalymma. There are no important differences

*We found only 8 females (2 of these (lear in lodged stems) to 15
males and a dead prepupa.

Jolivet {1959) clearly established the basic phylogenetic
importance of wing venation in the Alticinae, Béving (192T)
and Anderson (1938) provided the basis for our study of lar-
val chaetntaxy,

in larval and pupal chaetotaxy and adult wing vena-
tion between Disonycha and the closely related
genus Phenrica Bechyné (1969). In Agasicles we
have noted no basic departures from Disonyche in
mating behavior or in the patterns of the feeding
processes of adults and larvae,

The egg stages of Agasicies and Disonycha (figs.
11-15), although distinctive, are very similar, and
the first-instar larvae have the same type of egg
burster.!! It is vestigial in the second instar and
absent in the third. Otherwise, the chaetotaxy of
the three larval instars is similar. This is true for
various Disonycha species and the four species of
Agasicles that we have studied.

The larvae of Agasicles and Digonycha are also
similar (figs. 16-20). Except for the legs and the
ambulatory organ surrounding the anus, the
chaetotaxy of the head and body is much less promi-
nent in Agasicles than in Disonycha. While the
prominent tubercles bearing most body setae are
somewhat reduced in Disonycha argentinensis, as
compared with other species of this genus and with
species of closely related Phenrica, the tubercles
have al! but disappeared in Agasicles, although the
setae persist with few ex-eptions.

This near loss of body tubercles, together with
the reduction of most body setae and possibly also
some head setae, facilitates stem entry by the pre-
pupal vittate Agasicles species and their fitting in-
side small stems. In contrast, having been freed of
the restriction of smaller stem diameters owing to
large stems in their host, Alternanthera has-
sleriana, larval and pupal stages of the fasciate
Agasicles have become quite thickened medially,
but the tubercles and most setae of the larval body
show no development beyond the atrophied state
found in the other species of Agasicles (fig. 17). This
persistence suggests that the reduction of these
larval features is related to the prepupa’s drawing
its stout body by peristaltic movements through a
nearly head-sized entrance hole. Each prepupal
Agasicies makes such an entrance into the host-
plant stem, or, as often oceursin heavy infestations,
utilizes a hole made earlier by anather prepupa,

The tubercles and their individual prominent
setae found in Dison ycha larvae and prepupae may
have important functions associated with daytime
resting places in seil and surface litter and in the
formation of earthen pupal cells. Such functions are

HPaterson (1930) made earlier studies of the egy burster,
using the European chrysomeline Pheedon { Puraphaeidon)
Liniculns.
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unnecessary for the Agasicles larvae, which do not
hide by day or pupate in soil. Apparently as a pro-
tection against high temperatures and low humidity
(high evaporation rates), Disonycha argentinensis
and most other terrestrial disonychines, as larvae
and even agadults, are crepuscular to nocturnal, the
insects hiding in loose soil and surface litter by day.
Since there are no hiding places near the water
surface and since the humidity is high there,
Agasicles adults and larvae do not hide by day.

The larvae of Disonycha argentinensis and the
Agasicles species feed on the stem surface. How-
ever, stem entry by Agasicles prepupae involves
behavioral patterns distinct from stem-surface
feeding by Disonycha. The biting response of
Agasicles is not for the purpose of ingestion and
may be comparable to the response of prepupal
D. argentinensis making its way head first into
the soil. Agasicles prepupae select only stems of
their host plants for entry, other plant stems be-
ing aveided. This host-plant specificity proba-
bly is aimed at the special compartmentalized
hollow stem of alligatorweed, a characteristic
not found in other aquatic plants that may cohabit
with alligatorweed.

This positive, presumably chemotropic response
to the host plant apparently has a counterpart in
soil-entering prepupal Alticinae. It appears when
prepupae of species of Altica, Disonycha, and
Oedionychus are confined to rearing containers
without soil. They will feed again after a day or
more of frustrated searching. Soon afterwards they
will enter soil when it is provided.!? This evidence
indicates that the response ofthe Agasicles prepupa
to its host plant for stem entry is a carryover from
the larval stage. But it is without the response to
ingest beyond the foregut. In the case of the soil-
entering Alticinae, prepupal feeding is presumably
a survival stratagem, and the plant material passes
through the enteric tract.

The complex behavior responsible for plugging
the head-sized entrance hole by Agasicles prepupae
also seems to have comparable behavior patterns
in the soil-entering alticine prepupae. This com-
parability becomes evident when prepupae of
Disonycha collata and Disonycha pennsylvanica
are confined to rearing containers without soil.
Some individuals enter open ends of their hollow-
stemmed host plants (in this case alligatorweed and

2, B. Vogt, P. C. Quimby, Jr., and 8. H. Kay, “Field Stxdies
of Flea Beetles, Host Plants, and Lebiine Predator Parasites in
the Southern United States” {in preparation).
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Polygonum, respectively) and seal off or partition
off a cell usually formed by the internode walls and
the septa. The seal is composed of plant tizsue re-
moved from the stem walls by the mandibles and
incorporated with anal or oral exudates or both
{Vogt et al., cited in footnote 12). Also, when pre-
pupae of Disonycha and Oedionychus species enter
wet soil, they often form an open-ended cell at the
surface, It is sealed by courses of mudlike cement
applied successively around the periphery of the
open end until it is closed. Apparently, mud is
gathered by the anal end of the body and trans-
furred to the forelegs and mouthparts for appli-
cation. Anal or oral exudates or both are probably
incorporated with the mud.

These patterns seem to be consistent with the
behavior of the Agasicles prepupa, which usually
amasses, on the sternum, a small ball of plant tissue
by biting several successive courses out of the in-
ternode wall. 8ix or more of the smail masses of
plant material, applied successively and peripher-
ally, are required to close the head-sized hole (Vogt
et al., cited in footnote 12). The mouthparts and
foreiegs apply the material, as Maddox (1968) re-
ports. An oral exudate seems to be incorporated in
the closure, but our chservations failed to rule out
addition of an anal exudate. For comparison, we
note that in various species of the closely related
Galerucinae and in some Chrysomelinae, prepupae
spin a cocoon from the anus. In the more distantly
related Chrysomelidae, a sagrine, Sagra femorata,
lines its pupal cell with a red to black varnishlike
anal exudate. In the Cryptocephalinae and
Chlamisinae, the prepupa seals its larval case of
fecular material with an anal exudate. In the Cly-
trinae, soil particles are incorporated with fecular
material to form the larval case, which the prepupa
seals with a chalky material exuded anally. In these
examples of more distantly related Chrysomelidae,
the encasing and sealing materials are applied with
the mouthparts and forelegs, and this process may
entail addition of oral exudates in some cases. In the
Curculionidae, some representatives construct co-
coons of oral exudates (Hypera), while others
utilize anal exudates (Odontopus). Several genera
of leaf-mining Agrilinae (Buprestidae) spin cocoons
from the anus, and some of these are remarkably
elaborate. Even in the aberrant family Brachypsec-
tridae, the prepupa spins a cocoon from the anus,!3

The pupae of the Agasicles species and
Disonycha argentinensis differ markedly. The re-

(3, B, Vogt, unpublished notes.




markable T-shaped terminal abdominal setae of
Agasicles have already been discussed. In addition,
the Ayasicles pupa has lost two pairs of setae from
the disk of the pronotum and a pair of lateral setae
from each abdominal segment (figs. 21-23). We be-
lieve this loss is a result of the restrictive effects
of the slender host-plant stem upon the Agasi-
cles pupa. Furthermore, the pupa of Disonycha
argentinensis shows ne transitional features be-
tween other species of its genus and Agasicles.
Pupae within the genus Agasicles have consis-
tent chaetotaxy.

Biogeography of Flea Beetles
and Their Host Plants

The four amphibious amaranths and the related
halephyte of coastal beaches, Philoxerus, are dis-
tributed as shown in figures 32 and 33. Excepting
Philoxerus, the plants occur principally in alluvial
lands. The range of Alternanthera hassleriana is
subtropical to tropical, and is contained within the
limits of the farther ranging alligatorweed. Al-
ligatorweed is centered principally in subtrepical to
temperate southern South America, with additional
important centers along the Brazilian east coast, in
the upper and middle Amazon basin, and in north-
ern Sotth America from Belém to Trinidad.

Alternanthera sessilis is tropicopolitan and, in
South America, it occurs on both sides of the Andes.
Although it overlaps the range of alligatorweed,
most importantly it occurs as the sole amphibious
amaranth in the upper Amazon River, adjacent to
and somewhat within the Andean ranges. A. ses-
stlis is also a host plant of Agasicles interrogationis
and A. connexa along the narrow littoral of Brazil,
where our findings show alligatorweed to be the
major host plant. While Alternantiera sessilis
tends to be a sylvan species, we have no evidence of
its oceurrence in Scuth Ameriea outside areas under
some degree of human disturbance. It seems most
at home in the eastern Andean foothills. As already
stated, Pedersen (cited in footnote 8) considers the
affinities of A. sessilis to be with species of South-
east Asia rather than those of the New World.

Altermanthera obovata, the probable North
American counterpart of alligatorweed, ranges
from Honduras northward to within 400 kilometers
of Brownsville, Tex. Apparently no specialized flea
beetles have evolved on this plant because of the
limited area and diversity of the alluvial lands in-
cluded in its range. The Western-Hemisphere-wide

coastal halophytes, Philoxerus species, also appar-
ently support no flea beetles, although they are
hosts of one of the important specialized insects of
amphibious amaranths, the phycitine moth, Vogtia
malloi. However, along the beaches of the Gulf of
Mexico, P. vermicularis and several Chenopo-
deaceae are normal hosts of a galerucine, Eryne-
phale maritima.

Figures 34 and 35 show the distribution of the five
species of Agasicles, Disonycha argentinensis, and
the species of the closely related genus Phenrica
that are known to attack amphibious amaranths.
Table 1 gives known host plants of these and other
Alternanthera-oriented flea beetles. Agasicles is
limited to the humid, mostly alluvial regions east of
the Andes. We have no record of this genus north of
the Equator. All species, as known presently, are
allopatric except the vittate species A. hygrophila
and the fasciate Paraguay River form of 4. opaca.
D. argentinensis is mostly coextensive with
Agasicles except that it is absent from all but the
southernmost reaches of the Amazon River basin.
It also extends beyond the range of Agasicles into
oases of the dry regions east of the Andes and at Sio
Luis, Maranhao State, Brazil (Costa Lima 1954 and
Blake 1955). At most of these localities, alligator-
weed is known to oecur, but three alternative host
plants are now known for Disonycha argentinensis
that are not necessarily confined to alluvial lands.
Alternanthera paronychioides and A. pungens,
widespread over much of southern South America
east of the Andes, are host plants near Santa Crug,
Bolivia, and Corumbd, Mato Grosso, Brazil. Al-
ternanthera kurzit, widespread in the Chaco and
zdjacent regions (Pedersen 1967), is a host piant in
Just a few localities between the Bermejo River and
Arroya Empedrado along the Parand and Paraguay
Rivers. D. argentinensis shares this host plant with
’henrica, which is the only genus of flea beetle we
found on this host north of the Bermejc River {(Vogt
and Cordo 1976).

Phenrica ranges over much of tropical North
Armmerica, as well as over all of humid South America
except the temperate southern areas. The void in
this distribution includes the important region of
the lower Paranid River and the Rio de la Plata,
which is the present stronghold of both D. argen-
tinensis and A. hygrophila. Phenrica is a large
complex of closely related stenophagous species for
which we have yet to work out satisfactory identifi-
cations, The reader must bear in mind that, as cited
in table 1, the Phenrica of Amaranthus, of Iresine,

{Continued on puge 22.)
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Ficure 32.—South American distribution of alligatorweed and Alternanthera hassleriana. The records are from the Institute
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FiGURE 33.—Western Hemisphere distribution of the amphibicus amaranths Alternanthera sessilis and A, obovate and of the
combined halophytic amaranths Philoxerus vermicuiaris and P. portwlacoides. These records are from the U.S. National
Herbarium and Vogt et al., cited in footnote 8,
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interrogationis, D, A. viltata. Fasciate A, opaca (shaded): E, Paraguay River form. F, Plains of Mojés form. G, Lower Amazon
form. In this study, we sampled and observed Agasicles at 44 of the 50 localities shown. Of the remaining six records, four (Natal,
{lheus, Santos, and Santa Tomé) are from the University of Parand collections and from the U.S, National Museum of Natural

History. Two (Borba and Rio Mixiollo) are cited in Selman and Vogt (1971). (Goode Base Map copyright by The University of
Chicago Department of Geography.)
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FiGURE 35.—~Distribution of Disonycha argentinensis and Phenrica species, known herbivores of amphibious amaranths growing on
terrestrial gites. These records are from the U.8. National Museurm of Natural History, the Carnegie Museum, Costa Lima (1954),
Blake (1955}, and Vogt et al., cited in fontnotes 8 and 12.




Table 1.—Known host plants of Alternanthera-oriented disonychine flea beetles (Disonyche, Phenrica, and
Agasicles) and D, conjuncta, one of many non-Alfernanthera-oriented species

Alternanthera

Flea beetle
and distributien

Trianthema portulaeastriom

Chenoportiun allnom
Awmctranthing spp.

Spinacie oleracen
Unidentified spp.

lresine diffusa
Chanddssou spp.
halimifolia
phitoreroides
hassleriann
paranychiodes

Beta vulgaris
Cyathuin spp.

Steliaria med ia
nhovata
seswilfs

hetraii
pHngens

Sicvidea

0. renthomelas:
Northern U.S. and Canada ...
SouthernU.8. .. ............
D. collata:
Southern U.B. .........v.t + + + + o+ + +
Mexico ... .o + + +
Colombia ...................
. camposi: Ecuador and Peru ... + + + +
. erimia;
Panama .................... + +
Trinidad, West Indies ........ +
D. glabrata:
North Ameriea .....oo000vun. + o+ +!
South America ..............
B.oprolize oviviiiiiiiiiinanns . +
D. argentinensis ................ + + + +
D.eomjuncle ... ...l +
Phenrica spp.: Mexico; Central and
South America _............... + + o+ + + 4+ o+ + +
A, opaca:
Lower Amazon Riverform ... + T
Plains of Mejés form ......... +
Paraguay River form
Cpiffate oo
hygrophiita ... oLl
CEOMMEED vt raeraeranaanaran
. interragalionis ............ ...

+
+ o+
+ 4
+ +
+
+
b

+

el

+

o i S Y
+ o+ + 4+

tAdult orientation anly; on this host plant, eggs hatch, butlarvae de not develop.
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F‘IGURI»; 3(-?.——Distribution of four closely related indigenous North American and South American species of Disonycha. D. collata, D,
eximia, and D, camposi infest terrestrial plants of amphibious amaranths, while 0. politula is a related species of semidesert
habitats. Closer study may reveal that D. coliata as represented here is actually either a superspecies ar » polytypic species
cum;?oaed of closely related forms. Records are from the U.S. National Museum of Natural History, Blake {1933), Brimiey (1938),
Fattig (1948), Wilcox (1954), Kirk 1969 and 1970}, Balsbaugh and Hayes (1972} and Vogt et al, as cited in footnotes Band 12,
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FIGURE 37.—Distribution of North American Disonycha zanthomelas. Unlike D. collata, this species approaches but does not reach
the seacoast anywhere in its range along the Gulf of Mexico. Records are from the U.8. National Museum of Natural Hiatory, Blake
(1933}, Brimley {1938), Fattig (1948), Wilcox {1954}, Kirk (1969 and 1970}, Balebaugh and Hayes {1972), and Vogt et al., cited in
footnotes 8 and 12. (Goode Base Map copyright by The University of Chicago Department of Geography.}
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FIGeRE 88— North American (A} and South American (B} distribution of Disonycha glabrata and closely related D. profira. Records are from the U.S.
National Museum of Natural History, Blake (1933, 1955), Brimley (1938), Fattig (1948}, Wilcox (1954}, Costa Lima (1954), Kirk (196%, 1970), Balsbaugi:
and He es {1872), and Vogt et al., as cited in footnotes 8 and 12. (Goode Base Map copyright by The University of Chicago Depariment of Geopraphy.)




of Cyathula, and of Alternanthera are distinet from
one another. Also, within those injurious to
Alternanthera there is a complex of both sympatrie
and allopatric Phenrice species.

The largest Agasicles flea beetles are the forms
of fasciate A. opaca. They are coextensive with
the range of their host plant, Alternanthera
hassleriana, the largest-stemmed amphibious
amaranth. However, the smallest species of
Agasicles, A. hygrophila, does not occur within the
range of Alternanthera sessilis, the amphibious
amaranth having the most slender stems, (Compare
fig. 34 with figs. 32 and 33.) From Asuncién to
Resistencia, Province of Chaco, Argentina, the
Paraguay River form of Agasicles opaca occasion-
ally infests alligatorweed in disturbed situations.
We also found it exploiting alligatorweed below
Manaus in the lower Amazon.

Figures 36 and 37 show the distribution of five
Disonycha species indigenous to North America
and northern South America. Four infest amphibi-
ous amaranths, and the fifth, D. politula, is a re-
lated species of semidesert habitats. Table 1 gives
host plants of the known Alternanthera-oriented
flea beetles. In Panama, D. eximia develops on
terrestrial plants of Alternanthera sessilis and on
the mescphyte Alternanthera ficoidea. It also at-
tacks alligatorweed in Trinidad, West Indies.

In the Southern United States, Disonycha col-
{ata develops in nature on various Centrospermae,
as follows: Trianfhema portulacasfrium (Aizo-
aceae); Chenopodinm album, spinach, and beet
{Chenopodiaceae); and Acnide, Amaronthus, Ire-
sine diffusa, Alternanthera pungens,' and alli-
gatorweed (Amaranthaceae) (Vogt et al., cited in
footnote 12). Blake (1933) also lists Portulaca (Por-
tulacaceae), chickweed (Caryophyllaceae), and
lettuce (Compositae). Our studies show that chick-
weed, Stellaria media, may be a host when it grows
as a summer annual in cold latitudes, but not whenit
grows as a winter annual in warm latitudes, In
Mexieco, Disonycha collata infests the amphibious
amaranth Alternanthera cbovata (fig. 33) in low-
lying terrestrial situations and the mesophyte
Iresine diffusa in the uplands. In Colombia, a geo-
graphical form of D. collata develops on terres-
trial Alternanthera sessilis (Vogt et al., cited in
footnote 8). West of the Andes in Ecuador and
Peru, a closely related species, D, camposi, devel-
ops on Amaranthus, Alfernanthera halimifolia,

YaAlternanthera pungens (not A, repens) is established as an
exotic species in the Southern United States (Pedersen 1967),
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Alternanthera sessilis, and an unidentified
Alternanthera species.!® In tropieal to subtropical
forest east of the Andes and in Panama, one or more
faseiate Phenrica species attack the Western-
Hemisphere-wide Iresine diffusa. Further south
and into the temperate region, a vittate species,
Disonycha conjuncta, is specific on this host plant,
with no trace of D. argentinensis being found on it
anywhere. Somewhat similarly, east of the Andes,
Amaranthus supports two to three vittate species
of Disonycha, except in the upper Amazon Basin,
where species of Phenrica replace them. Again no
trace of D. argentinensis is found on this plant any-
where (Vogt and Cordo 1976).

From the distribution patterns and host-plant re-
lations just given, we conclude that the ancestral
forms of Disonycha collata and its vicarious forms,
D). exintig and D. camposti, probably invaded South
America no earlier than the late Pliocene, Further-
more, hecause their distribution is limited to the
northwestern fringes of South America, the inva-
sion may have occurred after the final major uplift of
the northern Andes. Vanzolini and Williams (1970},
Haffer (1974), and Raven and Axelrod (1975) con-
sider that massive immigration of vertebrates from
North America occurred in the late Pliocene after
the Middle American land bridge came into exis-
tence. In addition, Haffer (1974) states, “The ex-
change of northern and southern nonforest faunas
through northwestern Colombia may never again
have been as intensive as toward the end of the
Pliocene prior to the final uplift of the [northern]
Andes and prior to the expansion of tropical low-
land forests.” Disonycha collata and its vicarious
forms may be considered as mostly nonforest
faunal elements.

The indigenous North American Disonycha
ranthowmelas, together with closely related D. col-
lata, has been found developing on terrestrial al-
lipatorweed, Amaranthus (including Acnida)
species, Tresine diffusa, Chenopodinm albwomn,
beet, and spinach at various locations in the South-
ern United States (Quimby and Vogt 1974 and Vogt
et al., cited in footnote 12). Blake (1933) includes
chickweed, Stellaria media, as a host plant of D,
ranthowmelas. As with D. collata, our studies indi-
cate that chickweed is a host in cold climates where
it grows as a summer annual, but not in warm cli-
mates where it is a winter annual. In contrast with

115G B, Vogt and H. AL Corda, “Fielid Studies of Flon Beetles,
Hnst Plants, and Lebiine Predator Prrasites in South America”
{in preparation).



D. collata, D. zanthomelas does not oceur on
Trianthema portulacastrum, nor will it develop on
this host plant in the laberatory. D. zanthomelas is
widespread in Canada and approaches but does not
reach the Gulf of Mexico as far south as Victoria,
Tex. (fig. 37). We have not found Disonycha trian-
gularis, which is closely related to D. zanthomelas,
in the Southern United States (Vogt et al., cited in
footnote 12). They have largely overlapping ranges
except that D. triangularis trends farther west
southwardly. Also, this species seems to be more
oriented to the Chenopodiaceae, although Blake
(1983) lists Amaranthus species as host plants.

The transference of Disonycha collata and D.
zanthomelas, two indigenous North American flea
beetles, to alligatorweed in the Southern United
States indicates chermnical similarity of plants and
may be impoertant evidence of an affinity between
Disonycha and Agasicles. Also, we have found
Disonycha glabrata adults feeding on alligatorweed
at isolated but widespread localities in the Southern
United States. This is either 2 transitional trans-
ference or a vestige of an old orientation to
Alternanthera because this flea beetle does not
complete its developtnent on this plant (Vogt et al.,
cited in footnote 12). In South Ameriea, D. glabrata
has not been observed to attack alligatorweed or
any cther species of Alternanthera {Vogt and Cordo
1976). This discontinuity in a region rich in
Alternanthera species could be a manifestation of
an old character displacement involving host ranges
of ancestral forms of Disonycha glabrata, D. argen-
tinensis, and possibly Phenrica species (see p. 38).
However, all of our records of D. glabrata on al-
ligatorweed in the Southern United States are of
springtime occurrences. Because that region has
been extensively surveyed at all seasons, the oc-
currences probably represent host-plant responses
of flea beetles enroute from hibernation to their
normal host piants, Amaranthus (including Ac-
nida} species. Only late summer and fall observa-
tions were made in South America. Therefore,
these very extensive observations are not strictly
comparable. But if the imperfect orientation of
Disonycha glabrata to alligatorweed is a vestige
of an old orientation to Alternanthera, this vittate
species could be the closest intrageneric relative of
the vittate D. argentinensis.

Unlike Disonycha collata and D. xanthomelas,
D. glabrata ranges widely over South America and
overlaps much of the range of D. argentinensis
{Costa Lima 1954 and Blake 1955) (figs. 36-38).
Both Disonycha glabrata (together with closely re-

lated D. prolixza)and D. argentinensis are attacked
by specific, highly mimetie, vittate species of ec-
toparasitic Lebia in South America (Vogt and
Cordo, cited in footnote 15), but as presently
known, no vittate species of Lebia attacks D. glab-
rata in North America (Vogt et al., cited in footnote
12}. This diverse information may indicate that D.
glabrata has an older history in South America than
in North Ameriea.

While the perfect transference of the North
American Disonycha zanthomelas and D. collata
and the West Indian D. eximia may indicate affinity
with D. grgentinensis, none of them overlap the
indigenous South American range of alligatorweed
in Recent time except D). eximia, which attacks this
plant in Trinidad, West Indies {figs. 32 and 38).
Possibly the Andes Mountains and the dry climate
across northern South America have been effective
barriers to their southward dispersal. We have no
evidence of their ancestral forms being involved in
the speciation that led to archetypal populations of
Disonycha argentinensis. Possibly some of the
same factors limiting the southward advance of D.
collata and D. eximia have limited the northern
advance of alligatorweed. On the other hand, we
suspect that the ecologically similar vittate
Disonycha glabrata and the ecologically similar fas-
ciate Phenrica species passed through the northern
Andes prior to the final uplift because of their dis-
tribution on both sides of the Andes and far to the
south into Arpentina, as well as far into Nerth
America. Also, an old South American history for
Disonycha glabrata may be indicated by the com-
parability between the following disonychine flea
beetles and their mimetic and nonmimetic pred-
ators: vittate D. glabrata and D. proliza and their
vittate Lebia predator; D. argentinensis and its
vittate Lebia predator; fasciate Phenrica and their
fasciate Lebia predators; the vittate Agasicles
and their nonmimetic Coleomegilla predator; and
the fasciate Agasicles and their mimetic Coleo-
megiila predator.

Sixty to sixty-three insect species were found to
feed and develop on amphibicus amaranths in South
America (Vogt et al., cited in footnote 8). Of these
insects, 11 species are narrowly host specific and
are listed in table 2. Their cccurrence with amphibi-
ous amaranths, especially alligatorweed and its
closest relative, is consistent and widespread. The
more numerous, less specialized to generalized
species, with the possible exception of Herpe-
togramma bipunctalis (Pyraustidae), oceur irreg-
ularly or only locally. We interpret these patterns
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Tabte 2.—Characteristics of the genera that include the 11 recognized, most highly specialized species oriented to the
amphibious amzranths in South America

Penetration® of alligatorwesd?

. No. . ; No: {.ﬂ. range (percent of area
5 ) Feeling species Eleven a!llga-tor- localities including 105 alligatorweed
erius {faml v range of - weel-gpecialized where localities)
Eenus " species species B
genus found Species Genus
Amynothrips (Phlaeothripidae) ... ... Stenophagous .. .... 1 A audersond ... ... ... 3 8.6 816
Voglia (Pyrebidas) ..o o, L. do ... ...... LoV amalor e H 21.4 81.4
A hpgrephila ool 26 183
A connern oL 5 4.0
AL interrogafioliz ... ... e 1 4.1
Agasicles {Chrysomelidae) .. ... ... o Lol 5 AR e B 128 a1
A, uptons
Paraguay River form ............ & 94
Plains of Mojés form ... ... e 1 13.0
Lower Amazon form ... ..., 4 13.1
Msavngeda (Chrysomelidasg) ..., C,. Polyphagous ....... 100+ B argentinensis ... 28 7.4 474
. - M.ooafternanthern oL 18 824
Meloragromygze (Agromyzidae) .. ... ... do .ooa.lll, 10{)1—% M omaeellii L g 19.2 E “wzd4
Epitiongu {Agromyzidae) ... ..o .. L. do L.l S0+ (O Buscki ... oL e 7 na 31

'Basedl ot estimated areas that include the 105 localities plotted on fg. 32 (alligatorweed, relict localities excepted) and the localities plotted on figs. 34
(Agrsicies spp.dand 35 (Dison yehe g rgeatinedsis), We astimate that 39.0 percent of the extrapolated area of alligatorweed range rermains unexplored for
bigtic agents, An estimated] 35 pereent of the range of Agnsicles ritdaia extends beyond the range of alligatorweed because of a corresponding extension
i the ranpe of Alternnthere sessitis. Also, the range of Vogiie maedlni extends beyond the range of alligntorweed into the dry regions of northeastern
Brazil, where Phupsenis serves as a host plant, Distribution maps for Vogffe, Amynothrips, and the Agromyzidae will be published in a later bulletin {Vogt
ctal., cited i text fontnote 5% Map areas were abtained from cutout pattems with a portable Lambda LI-3000 area meter. -

*The clusest relative of alligatorweed, Afteriawth o hasslerinna, is inciuded as shown on fig. 32.

A value of 2.4 pereent has been subtracted from this total to compensate for the overlapping ranges of Agasicles kygroph fia and the Paragnay River form
af A. opxren.

*The penetration of Mefn rugromyza marellii is notadded becutse its mnge s completeiy gverapped by that of M. aftersanthera.




of oceurrence as being consistent with the con-
clusions of Connell (1961) and McNaughton and
Wolf (1970) that different species specialize with
respect to different environmental parameters. In
phytophagous species, those that specialize on
host-plant species become more efficient expleiters
of those species and therefore more dominant in
occwrrence. At the same time, they may force less
specialized species (with respect to host species)
into peripheral specializations which may result in
their uneven occurrence and low level of fidelity
with respect to the specialist’s host spectrum.

From table 2 we see that four of the specialized
insects, Disonycha argentinensis and three spe-
cies in the family Agromyzidae, belong to large,
polyphagous genera. In contrast, two of the re-
maining eight species belong to monotypic gen-
era, Amynothrips and Voglia, that are simply
stenophagous. The remaining five species are of
Agasicles, which is entirely oriented to the am-
phibious amaranths (stenophagous). Unlike
Agasicles, both Amynothrips and Vogtia have un-
dergone evolutionary change without speciation.
Low variability or intensive gene flow or both, fo
which Haffer (1974) attributes monotypy in numer-
ous genera of South American birds, may account
for the monotypic character of Amynothrips and
Vogtia. Alsc, the different levels of speciation
amoeng these unrelated specialized insects may rep-
resent different stages of the taxon eycle, as pos-
tulated by Ricklefs and Cox (1973) (see p. 28). As
compared with Agasicles, we note that Disonycha
argentinensts has not split up into taxonomically
distinguishable forms. Alsc, it is replaced by fas-
ciate Phenrica species over much of the Amazon
Basin (fig. 35). The replacement of vittate dis-
onychine flea beetles by fasciate forms oceurs with
respeet to several wide-ranging South American
host plants {Vogt and Corde 1976).

In table 2, the penetration of the alligatorweed
geographic range by the 11 most specialized species
shows a wide range of variation. If the species of
Agasicles are excluded, the smallest (19.2 percent)
and the largest (82.4 percent) penetrations are reg-
istered by the two very divergent {not phyletic)
Melanagromyza species, one of which, M. alter-
nantherce, is a leaf miner and the other a gall
former. The very large range of the leaf miner com-
pletely surrounds the restricted range of the gall
former. Because the speciation that has occurred in
Agasicles is completely oriented to the amphibious
amaranths and has resulted in almost complete
geographic exclusion between the forms, the pene-

tration of the alligatorweed geographic range by the
genus, 74.1 percent, is comparable with the pene-
tration, 81.6 percent, achieved by the monotypic
genus Amynothrips and 81.4 percent achieved by
monotypic Voglia. These three stenophagous gen-
era may then be compared with the four species of
the polyphagous genera as follows: Disonycha
argentinensis with 41.4 percent penetration and
each of the three agromyzid species with 82.4, 19.2,
and 23.1 percent penetration. (Disonycha argen-
tinensis is replaced by fasciate species of Phenrice
over much of the Amazon Basin.)

Mest of the 60 to 63 insect species of amphibicus
amaranths are concentrated in the region of the
lower Paraguay River, the lower Parana River, and
two great estuaries, the Kio de la Plata and the
Guaiba River (region A, fig. 34). In this temperate
to subtropical region we found 49 to 52 species af-
fecting alligatorweed and Alternanthera has-
sleriana. Nineteen to twenty species were found
feeding on ailigat orweed and Alfernanthera sessilis
in the warmer northeastern extension of this region
along the craggy east coast of Brazil, the Atlantic
forest region of Miiller (1973) (regions B and C, fig.
34). To the north, in the region inhabited by the
Paraguay River form of Agasicles opaca and in-
cluding the vast wetlands of the Pantanal of the
upper Paraguay River (region D, fig. 34), we
found 21 to 22 species affecting Alternanthera has-
sleriana and alligatorweed.

We found only 16 to 17 species of insects affecting
amphibious amaranths in the vast Amazon Basin.
Whereas the specialized species were well rep-
resented, the generalized to less specialized species
were not, owing partly tosampling error. However,
in the Lower Basin and Middie Basin, we feel that
the lack of insects is more due to scarcity of am-
phibious amaranths, poor development of herba-
ceous flora as a source of alternative host plants,
and greater habitat instability resulting from the
magnitude of the hydrographic flux, which annu-
ally may attain 20 meters between maximum and
minimum levels at Manaus (Sioli 1975).

In the Lower Basin and eastern Middle Basin
{northern portion of region E, fig. 34), we found
only T to 10 species of insects, mostly on Alter-
nanthera hassleriana, but also on A. sessilis and
alligatorweed, which are rare plants. In the upper
reaches of the Madeira River, including the vast
Plains (Llanos) of Mojés (southern half of regipn
E, fig. 34), where the hydrographic flux is much
less and Afternanthera hassleriana is widespread,
we found only five species of insects affecting this
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plant, near Trinidad, Bolivia. Alligatorweed was
rare and limited to disturbed soil in the town, In
the western Middle Basin and Upper Basin below
the smaller tributaries (northeastern extension
of region F, fig. 34), we found only nine species
of insects on alligatorweed and Alternanthera
sessilis, near Leticia, Colombia. In the Amazo-
nian tributary valleys of the Andean foothills
(southeastern portion of region F, fig. 34), we
found only eight species on alligatorweed and
Alternanthera sessilis.

Outside the areas where Agasicles is knowr. to
occur indigenously, we have the following results of
insect surveys on amphibious amaranths. In South
America, the Atlantic watershed north of the Ama-
zon Basin yielded only nine species on alliga-
torweed, in the vicinity of Georgetown and on
Trinidad, West Indies. The adjacent Caribbean
watershed to the east yielded only six to seven
species on Alternanthera sessilis (Vogt et al., ecited
in footnote 8). The Pacific watershed west of the
Andes and north of Lima yielded only four species
on Alternanthera gessilis and the transitional am-
phibious amarantr A. halimifolia (Vogt and Cordo,
cited in footnote #5). In North Ameriea, in Pan-
ama and Mexico, we found only 7 species on
Alternanthera sessilis and A. obovata, while in the
Southern United States, we found 35 species on
alligatorweed. All these insects are generalized to
less generalized species (Vogt et al., cited in foot-
note 8). The comparatively large number found in
the Southern United States is due to more exten-
sive surveys and also reflects the abundance and
dominance of the host plant, which exceeds by far
any incidence seen in South America.

The greatest concentration of insects affecting
amphibious amaranths in the alluvial areas of
southern South America is centered in the lower
Parand and Paraguay Rivers and associated regions
and may be related to a greater overall indigenous
incidence of the host plants in this vast region of
wetlands (MacArthur and Wilson 1967; Janzen
1973), This region has extraordinarily diverse, ex-
tensive insolated aquatic and subaquatic habitats.
We believe that this diversity may exceed that of
the lower and middle Amazon River and be older
geologically (Stose 1950; Russell 1967). The lower
Parand and Parapuay Rivers and associated wet-
lands are probably a more stable habitat (less hy-
drographic range and a richer herbal flora) and may
have been the most important centers for the ra-
diation of some insects that feed on amphibious
amaranths, for example, several ceccidomyiids,
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several specialized agromyzids, and the alliga-
torweed flea beetles, Disonycha argentinensis,
Agasicles hygrophila, and A. opace (Paraguay
River form).

As shown in figure 32, we have found no records
of alligatorweed occurring west of the eastern
coastal region of northeastern Brazil except in two
subcoastal montane oases, Serra de Baturité!® and
Serra do Tombador (at Jacobina).}” Besides, as
shown in figure 34, we have no records of Agasicles
from anywhere in thig region. Our experience at
Fortaleza, Ceard State, and inland, but not as far as
the base of Serra de Baturité, indicates that the
region is too dry. But within the Amazonian belt of
heavy rainfall, in the vicinity of Belém and farther
northwestwardly along the roast at Georgetown,
alligatorweed is common, but again we found no
trace of Agasicles even though conditions seemed to
be generally favorable. Furthermore, we have
found alligatorweed only rarely and no trace at all of
the vittate Agasicles species between Belém and
Manaus. We conclude that there is a separation
in the distribution of alligatorweed across north-
eastern Brazil and a much broader void in the
occurrence of Agasiclfes especiaily between the
vittate species.

Haffer (1969 and 1974, p. 20) indicates that forest,
and presumably appreciable rainfall, formed a nar-
row connection west of northeastern Brazil, be-
tween the forests near the mouth of the Amazon
River and those of southeastern Brazil in the not
very distant past. Generaily, Haffer (1974, pp. 145
and 151} and Miiller {1973) show no presumed forest
refugia in northeastern Brazil exeept along the
eastern coast during arid periods of the Pleistocene
(figs. 86 and 87). However, existing mesophytic
vegetation on Serra de Baturité and Serra do Tom-
bador suggest that they may have served as refugia
in times more arid than the present.

There is mounting evidence that in tropical Scuth
America climatic fluctuation during the Pleistocene
and early Holocene caused rain forest to alternately
contract and expand around more than a dozen
widely distributed refugia of relatively small area.
Dry savannah separated these refugia during

'$Harbarium of Jardim Botinico de Rio de Janeiro, No. 44427
“Baturité, a margem os Rio Cambea ‘Conilea de cima’ Serra
de Baturité; José Eugenio (S.J.} #5%9 19-VIII-37 det. Joacim
T, A, Fakis.”

0n 19 Feb. 1962, Prof, Alexandre Leal Costa, Universidade e
Bahia, presented us with specimens of alligatorweed he had col-
lecterl 330 kilometers inland from Salvador, atJacobina, Bzhia, 610
meters elevation.
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periods of minimal rainfall, Many of the rain forests
rejoined during periods of maximal rainfall. These
oscillations caused vegetational change and faunis-
tic extinetions but also provided the isolation neces-
sary for numerous animal populations to speciate
(Miiller 1973; Haffer 1974). Much of the faunistic
differentiation in lower categories (subspecific
through generic) is considered to have taken place
during the past 800,000 years (late Pleistocene and
Holocene) (Haffer 1974).

Thus far, only refugia on terra firma have been
considered. While Miiller (1973) takes up both
forested and unforested dispersal centers, he rec-
ognizes no comparable refugia in alluvial lands,
which encompass most of the habitats of amphibious
amaranths and the Agasicles species that infest
them. Biotic diversity of South American alluvial
lands remains largely unexplained. Ailuvial lands
must have been subjected to various hydrographice
regimes during the climatic oscillations, and their
lower and middle reaches must have been sub-
Jjected to transgressions of the sea. In the case of
the lower and middle Amazon River, a magnifi-
cent estuary 2,500 kilometers long existed a few
thousand years ago. Since then, the present aliu-
vial plain has been lzid down as a rapidly advancing
delta (Russell 1967).

The interglacial seas that apparently engulfed the
lower Parand River up to its confluence with the
Paraguay (Vuilleumier 1971) could have only partly
extirpated alluvial biota, because of the refugium
afforded by the Paraguay River and the Pantanal.
Similarly, during glacial advances, this refugium, as
well as the exposed Continental Shelf to the north-
east, must have enabled survival of most forms as
the climate became colder. The narrow littoral of
the Brazilian east coast is considered to be a result
of late Tertiary and earlier faulting (de Oliveira
1956; Axelrod 1960).

Measurement of alluvial fill in the Mississippi Val-
ley has reliably established the minimum sea level
attained during the last major glaciation as 138 me-
ters below the present still stand, and this was
reached after a major fluctuation in the rise from the
minimum level reached about 50,000 years ago. [t is
further considered “that no higher stand of Pleis-
tocene sea level exceeded today's stand by more
than 10 meters” (Russell 1967). This range of
glacio-eustacy conceivably could have isolated
populations along the narrow littoral of Brazil,
which in places is walled on the inland side by sheer
granitic escarpments. In places, these are lapped by
the present sealevel.

Fosgil and other evidence demonstrates clearly
that numerous plants, such as Nipa species, and
various inseects, such as Glossing species, have mi-
grated far and may no longer occupy their region of
origin (Good 1953; Smith 1862; Ross 1974; Ravenand
Axelrod 1975). It is conceivahle that a plant species’
most ancient stronghold can have lost much of its
insect fauna because of shrinkage of the area of occu-
pancy or unfavorable environmental (e.g., climatic)
change or both. Such 2 relict area may be faunisti-
cally depauperate as compared with more recent and
more favorable (usually larger and more diverse)
areas of occupation.

Our findings in South America may be partly
explained by the proposal of Janzen (1968, 1973) and
Opler (1974) that a host plant and its phytophage in
continental areas are subject to the theories of is-
land biogeography (MacArthur and Wilsor 1967);
that is, the number of insect species supported by a
plant species increases as the host inereases in area
of geographical occuirence, in ecological diversity
of occurrence, and in biomass. However, Opler
(1974) notes that “the application of island theory to
the number of species found on host plants is in
opposition to the geologic time theory which hoids
that the number of insect species now found on host
plants is a function of the age and abundance of the
hosts in geologic time.” Additionally, he notes a
third theory “that offers an explanation for the vary-
ing numbers and densities of herbivorous insects of
different host plants. {It] is based upon varying
levels of chemical and physical defenses which have
been evolved by plants [to escape insect attack].” A
fourth theory (Slobedkin and Sanders 1969) relates
environmental predictabiiity to species diversity.
Under this theory, highly predictable areas allow
for greater species diversity. Such a relationship
may be consistent with the greater faunistic diver-
sity of ailigatorweed in the basin of the Rio de la
Plata as compared with the lower Amazon Basin,
which we consider to be a less stable environment
for this amphibious amaranth.

Ecological and Evolutionary
Considerations Within
Agasicles

If the theories of island biogeography (MacAr-
thur and Wilson 1967) apply to the host plant and its
phytophages on continents, as postulated by Janzen
(1968, 1973) and Opler (1974), it may be that the
stage of speciation is important for judging the po-

27




tential of a biotic agent for weed control, because
speciation, at least in its earlier stages, and subdivi-
sion of geographical range are usually one and the
same process; and this process advances the taxon
cycle. This cycle expresses the expansion and con-
traction of the geographical range and population
density of a species or higher taxonomic category
(Ricklefs 1973); and Ricklefs and Cox (1972) pos-
tulate for island birds, the “progress of a species
through the vaxon cycle reflects effects of pro-
gressively reduced competitive ability caused by
‘counter-evolution’ of an island biota to the species
coupled with strong competitive pressure from sub-
sequent immigrants.” Agasicles may exemplify this
possibility when its speciation is compared with the
speciation of other important insect genera that
attack alligatorweed. The monotypic genera that
are almost coextensive with alligatorweed in South
America, Vogtia and Amynothrips (table 2), may
represent stage I of the taxon cycle described by
Ricklefs and Cox (1972). In contrast, Agasicles, with
a similar geographic distribution, is divided into five
species that may represent stages II and ITI of the
taxon cycle. (We will later show that one of these
spectes is polytypic and that the others belong to
a superspecies.) From this proposal, we may con-
sider that Agasicles is the older “immigrant” to
alligatorweed (the “island”), while Vogtic and
Amynothrips are the more recent “immigrants.”
Therefore, speciation in Agasicles contrasted with
the lack of it in Vogtia and Amynothrips may indi-
cate a lower level of suppressive capability (lower
suppressive index) for Agasicles. Moreover, the
fasciate subspecific forms of Agasicles opaca, by
virtue of being at an earlier stage in their speciation
within the genus, may have a higher suppressive
index against alligatorweed than their vittate
congeners despite greater prevalence of their nor-
mal host, Alternanthera hassleriana, in South
America. However, differences in dispersal ability
among the specialized alligatorweed insects may be
important because Ricklefs and Cox (1972} point out
for some birds, especially the migrating species,
that their dispersal power prevents movement of
some forms through the taxon cycle.

Aside from the counterevolutionary effects that
may be involved in its progress, the taxon cycle
may, in the case of phytophage systems, be a tax-
onomically recognizable form of the evolutionary
process that leads to host-parasite or host-predator
homeostasis (Ricklefs 1973). This result of the coun-
teradaptive or genetic feedback mechanism exist-
ing between interacting hosts and predators {or
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parasites) has been applied in characterizing and in
selecting biocontrol agents. Those that have had a
long and close association with a host often do not
severely suppress it because of high host-parasite
homeostasis, there “having been a selection for re-
sistance in the host and for non-virulence in the
parasite” (Pimentel 1963, 1968; Harris 1973). On
this basis, Pimentel (1963) urged biocontrol work-
ers in their foreign explorations to seek agents in-
festing hosts related to the target species rather
than the target species itself. Harris (1973) notes
further that specialized oligophagous agents more
than generalist polyphagous agents, as a rule, have
high host-parasite homeostasis and may not be suc-
cessful in biocontrol programs. Pianka (1974) states
it this way: “Individual organisms with narrow
tolerance limits, such as highly adapted special-
ists, generally suffer greater losses in fitness due
to a unit of environmental deterioration than
generalized organisms with more flexible require-
ments, all else being equal.”

Evoluticn of host-parasite homeostasis is clearly
a coevolutionary process, and later {p. 117), we will
show that evolution of host-parasite homeostasis
can be considered to be counterevolutionary.
Laboratory studies show that the rare member of
the interacting set of species is favored by evolution
apparently because intraspecific eompetition is re-
duced, permitting evolution of greater efficiency in
interspecific competition (Ricklefs 1978). Under the
limitations of very finite conditions, laboratory ex-
periments show clearly that the process is geneti-
cally determined, can transpire within the brief
period of a year or two, and can result in little to
imperceptible outward change in the physical form
of the organisms involved {Pimentel et al. 1965). On
the other hand, in its advanced stages, the taxon
cycle results in morphological and ecological di-
vergence that may attain differences on the species
level. For these changes to occur, geological time is
necessary, but the time needed is shorter on geo-
graphic islands as compared with the mainland.
Also, as the taxon cycle progresses in island birds,
the ecological niches of the interacting species are
likely to change. When this occurs in phytoph-
agous blocontrol agents, coevolutionary processes
may be diluted by other evolutionary processes.
Later, we will show that progress of Agasicles
through the taxon cycle may be driven by coevolu-
tionary rather than by counterevolutionary pro-
cesses. Ricklefs and Cox {1972) note further that
after the taxon attains stage IV of the cycle (en-
demic to oneisland and monotypie) increasing rarity



may either lead to extinetion or provide significant
release from counterevolutionary pressure. If the
latter occurs, the species may again increase and
begin a new cycle of invasion of the islands. A sem-
blance of this process may exist in the subspecific
forms of Agasicles opaca, to be considered later.
The considerations above require a closer examina-
tion of the course of speciation in Agasicles.

All five species of Agasicles are remarkably alike
in their adaptation to the aquatic and subaquatic
habitats of the amphibious amaranths. These adap-
tations are both behavioral and structural and in-
volve all the life stages. They are, in the best sense
of the word, generic and very likely constitute the
base from which raciation of the five forms tock
place. This differentiation appears to have taken
place at least in its initial phases in geographical
isolation (Mayr 1970; Diamond 1971 in two
principal ways.

First, there was regional divergence in adapta-
tien to climate, to geographic and ecotypic forms of
the host plants, and to predators. Some of these
adjustments are manifest in insect body size and
form and in the form of markings, e.g., mimicry of
their principal predator, a coccinellid beetle, by the
three forms of Agasicles opaca, the fasciate species.
Regional adaptations are also manifest in seasonal
and habitat shifts within species as well as in actual
habitat divergence among species. For example,
within Agasicles vittata, the Peruvian population is
subject to aless severe dry season than the Balivian
population. The forms of A. opuaca, the fasciate
species, are almost exclusively associated with
Alternanthera hassleriana in insolated lagooens,
whereas the vittate species are primarily associated
with alligatorweed. Aguasicles vittaia, A. tnterro-
gationis, and A. connexe, which oeeur in subtrop-
ical to tropical climates are more active during
seascns with increased cloud cover, as well as in
the shade of the forest, whereas Agasicles hygro-
phila, a temperate to subtropical species, is more
active in spring and fall but persists in summer
if shade is available.

Second, regional speciation required the devel-
opment of isolating mechanisms in zones of sec-
ondary contact between diverging populations,
particularly in the zones of secondary contact
(Mayr 1970; Haffer 1974). This evolution is mani-
fest in the remarkably divergent external lock-
and-key genitalia (figs. 2-6) and in less conspicuous
changes in the uncleared sedeagi (figs. 27-31).
Differentiation among species is remarkably at-
tained in the vittate Agasicles species (figs. 2-5

and 27-30). However, we have not found appre-
ciable differentiation in either the external geni-
talia or in the uncleared aedeagi within the
wide-ranging and variable Agasicles opaca (figs.
6, 9, and 31), We conclude that this lack of differ-
entiation in reproductive organs indicates a lack
of reproductive isolation between populations.
Later, we will consider this contrast between the
vittate and fasciate Agasicles forms.

We note, too, that the lock, eonfined to the males,
could serve as a generie character because it s a
conspicuous and universal feature in the genus. But
in females, the pygidial key is not sufficiently de-
veloped in two species (figs. 2 and 3) to be useful
taxonomically. If it were unmistakably recognizable
in the females of all species, the lock and key would
qualify as a generic character. Presumably, the
basic enlargement of terminal abdominal segments
evolved in compensation as the flea beetle became
more slender in conforming to the host-plant stem.
It evolved simultaneously with the other generic
characters. Then, the cavernous depression of the
fifth male sternite and associated differentiation
in both sexes probably evolved in the course of re-
gional speciation.

The outline above assumes that an earlier wide-
ranging species split up into geographical isolates
and that the peripheral, more widely divergent
ferms probably broke off earlier than the proximal
forms. This process “of slow genetie divergence and
subsequent reproductive isolation of geographically
separated and differentially adopted races or sub-
species (Darwin’s ‘varieties’)” is the orthodox view
among evolutionists (Dobzhansky 1972), and we il-
lustrate it in figure 40A. Alternatively, the founder
principle (Mayr 1970; Dobzhansky 1972) could
apply. This process stems from the establishment of
a new population by one or a few individuals in a
region relatively isclated from the parent popula-
tion. Initial inbreeding leads to a population with a
changed gene pool that natural selection restruc-
tures uncler local conditions. Such a process could
have occurred in the evolution of the forms of
Agasicles opuca across the topography in the vicin-
ity of the interface of the basins of the Paraguay and
Amazon Rivers, as well as in the evolution of the
vittate Agasicles species along the rugged littoral of
eastern South America. If so, we believe the se-
quence of speciation would have been reversed
from that resulting from the orthodox process out-
lined earlier; that is, the proximal forms appeared
earlier than the distal forms. Compare figure 40B
with figure 40A.
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There is no evidence in any of the forms of
Agasicles that specialization by resource partition-
ing has occurred. More specifically, there is no evi-
dence of division of the habitat in the form of a
common host plant. As a result, there is parapatry
and allopatry within the genus. Because the
Agasicles species are phyletically related, because
the ecological niche of each species is so similar, and
because each of the species has such high niche-
exploitation potential, adjacent sets of species are
ecological homologs (Vogt and Cordo 1876) and are
subject to the competitive exclusion principle (Har-
din 1960; Pianka 1974). Each of the four vittate
species and each of the three fasciate forms of
Agasicles are allopatric to parapatric. Only the
more widely divergent vittate A. hygrophile and
Paraguay River form of the fasciate A. opaca have
overlapping ranges. Characteristically, all three
fasciate forms oceur on Alternanthera hassleriana
ininsolat..d lagoons. Only at a few sites about towns
and other human disturbances between Asuncion
and Fesistencia does the Paraguay River form of
Agasicles opaca occur on alligatorweed, and in
these places A. hygrophila may also occur. We
know of no other ecological difference between
these two sympatric Agasicles species than the
normal cccurrence of the one on Alternanthera
hassleriana in insolated lagoons and the other
on alligatorweed.® Of Schoener’s (1974) five
categories, this complementarity of niche dimen-
sions seems to fit group 1: “Food type and habitat:
The tendency for species that overlap in habitat to
eat different foods.” But the categorization is com-
plicated by the fact that alligatorweed and
Alternanthera hassleriana typically oceur in differ-
ent habitats. This fact may involve Schoener’s
(1974) developing theory of “feasibility of resource
partiticning us it relates to particular dimensions.”
For our discussion two of his five considerations of
dimensions are pertinent. They are: “Habitat di-
mensions are important more often than food-type
dimensions, which are important more often than
temporal dimensions” and “segregation by food
type is more important for animals feeding on food
that is large in relation to their own size than it is for
animals feeding on relatively small food items.”

Agasicles hygrophila and A. opaca oceur side by
side on alligatorweed near the lower Paraguay

¥0n {lha Careira in the lower Amazon, we also found 2 egg
masses, presumably of Agasicles opaca, placed upon alligator-
weed in 2 muddy pasture bordering a lageon supporting
Allernanthera hossleriana and A. opaca (Amazon River form).
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River. Paul J. Spangler,'® in July 1968, found the
first example of this sympatry in a pond in disturbed
land near Asuncién. Vogt and Cordo (cited in foot-
note 15} found another example in March 1976 along
a ditch in the outskirts of the ¢ity of Formosa. The
Paraguay River form of A. opaca also aftacks al-
ligatorweed along the shores of the diastrophic
{nonalluvial) Ypacaraf Lake; the lake, 20 kilometers
east of the Paraguay River, is completely free of
Alternantherg hassleriana. In disturbed alluvial
lagoons and ponds in the vicinity of Resistencia,
Province of Chaco, A. hygrophila is also known to
oceur. Such oceurrences are clear evidence that the
two species are capable of competing at frequency-
dependent levels {Ayala 1972) {see pp. 40 and 126).
Under primeval conditions, such interspecific
competition may have been either rare or a brief
seasonal phenomenon. Important to these consid-
erations of population interaction is the impressive
long-distance dispersal capability demonstrated
by Agasicles hygrophila in the Southern United
States. In summer this cold-sensitive insect may
reach inland more than 300 kilometers from perma-
nent population foci near the Gulf of Mexico.2® In
comparison, the distance from Asuncién to Ne-
cochea in southern Buenos Aires Province (the
southern limit of the range of A. hygrophila) is
about 1,600 kilometers, while the distance from
Corumbd is 2,300 kilometers.

Should the range of A. hygrophila prove to reach
the Pantanal of Mato Grosso, which is a distinet
possibility, one might consider the Paraguay River
form of A. opaca as representing character dis-
placement between 4. hygrophila and the A. opaca
form of the Amazon Basin. We donot hold this view,
however; we consider Agasicles hygrophila and A.
opace of the Amazon Basin as being too widely
divergent in form, and we consider the Paraguay
River form of A. opaca less widely divergent from
A. hygrophila thau either of the Amazonian forms.
However, we view character displacement (Brown
and Wilson 1956; Brown 1964} as a process by which
closely related allopatric species may become com-
pletely sympatric in geological time within the dic-
tates of the competitive exclusion principle (see p.
38). Also, an intensive 2-day search of the vicinity of
Corumbd, Mato Grosso, in mid-April 1975 revealed
only moderate numbers of the Paraguay River form

19Parsonal communication, 10 Nov. 1870,

20(;. B. Vogt, P. C. Quimby, Jr., and 8. H. Kay, “Progress of
Biological Control of Alligatorweed in the Lower Mississippi
Valley Reglon” (in preparation).




of A. opaca on Alternanthera hassleriana, with no
trace of Agasicles hygrophila being found on the
less prevalent alligatorweed.

Each of the five Agasicles species is quite clearly
equally specializeq for exploitation of its particular
host plant in its particular geographic region and
habitat. This probably stems from the similarity
of the basic generic characters, described above
{p. 30), of each species. The amount of geographic
variation among the species indicates the degree
of geographic divergence or derivation among the
species. Thus, speciation in Agasicles has resulted
primarily in geographic specialization rather than in
change in host plant or in specialization on different
plant parts. Adaptive changes within Agasicles as
the taxon cycle progressed have been minor, except
possibly the adaptation to the more specialized am-
phibious amaranth Alternanthera hasslerigna.
There is no evidence of any one form of Agasicles
gaining a competitive edge over another form ex-
cept in the case of overlapping A. hygrophile and
the Paraguay River form of A. opaca. There i3 no
evidence of Agasicles evolving into a new niche to
avoid competition except possibly the adaptation
of the fasciate forms to the more specialized

Alternanthera hassleriana, coupled to their evolu-
tion of mimicry of a principal predator, a coccinellid
beetle which may be considered to be the model.

To close this section, we note that a refutation of
the competitive exelusion principle may be consid-
ered to be in the results of the genetic feedback or
counteradaptational experiments utilizing the com-
petitive interaction of two musecoid flies, Musca
domestica and Phoenicia sericata, under the very
finite conditions of the laboratory (Pimentel et al.
1965). However, since M. domestica and P. sericata
are distantly related, they are ecological analogs or
nonanalogs (Vogt and Cordo 1975); and we hold to
the view that the competitive exclusion principle
will not have been refuted until comparable results
are obtained utilizing 2 competitive interaction be-
tween two very closely related ecological homologs
such as Agasicles hygrophila and A. conneza. Such
results in the case of this example, at least, seem
theoretically impossible because these two geo-
graphically exclusive species are probably optimally
adapted to two slightly different climatic ranges.
Even s0, an intermediate simulated climatic regime
might be adjusted to be equally suboptimal for each
of the competitors and provide valid results.




PROPOSED EVOLUTIONARY DENDROGRAMS FOR
FLEA BEETLES AND THEIR HOST PLANTS

Suggested Coevolutionary
Course

The suggested evolutionary relationships of the
flea beetle and plant species are presented ir figures
39 and 40. The ancestral plant is general'y terres-
trial at point 1 and amphibious at 2 (fig. 39). The
hollow compartmentalized stem must have existed
when Agasicles and its ancestra] forms appeared
after having diverged from Disonycha argentinen-
sis and its ancestral forms, presumably between
points 1 and 2. We do not know the relationship of
Alternanthera sessilis (subgenus Alaganthera) and
of A. obovata to the evolutionary line leading to
alligatorweed (subgenus Telanthera). As stated
earlier, Pedersen (cited in footnote 6) considers
Alternanthera sessilis to have affinities with
Southeast Asian species. The Salvador, Bahia, form
of alligatorweed is apparently a remarkable
localized dimorphie form in which almost half of the
population has stems bristling with erect hairs and
most of the other half has glabrous stems. A. has-
sleriana is regarded by some botanists as an
ecotypic (more hydrophytic form) of alligatorweed.
However, the two forms oceur side by side in dis-
turbed sites. At point 3, inflated internodes are well
developed.

It may be that the alternative host plants of
Disonycha argentinensis are more recent orienta-
tions. But if alternative host plants corresponding
to Alternanthera kurzii, A. paronychioides, and
A. pungens existed at point A (fig. 40), colonies of
the ancestral alligatorweed may have been neces-
sarily isolated from their congeners in order for the
evolutionary coiirse to proceed. We assume such
isolation as was needed existed at point A for both
the ancestral terrestrial alligatorweed and its flea
beetle. At that point, larvae had prominent setifer-
ous tubercies, pupation was in the soil, and adults
had a broad, short prothorax. But at point B, the
host plant is beginning to develop amphibious
tendencies, and the flea beetle begins to develop
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adaptations to cope with the aquatic environment,
possibly including prepupal stem entry, However,
those entering oversized or undersized stems fajl
to survive.

Initial stem entry must have been by way of exist-
ing holes and open ends of severed stems and then
by holes made large enough to enabie passage of the
fleshy tubercles and erect spatulate setae of the
ancestral Disonycha-like larva. The large holes
probably were plugged, judging by the behavior of
existing soil-pupating species of Disonycha (p. 12).
As natural selection reduced the size of the tuber-
cles and setae, the making of smaller entrance holes
evolved, causing less lodging of smaller stems and
less flea beetle mortality. The making of the en-
trance hole must have involved extensions of
larval responses into the prepupal stage. These
include the positive chemotropic response to the
host plant with the biting response, but without
the response to ingest beyond the foregut.

For all seven Agasicles forms, there is no evidence
of divergence in tropic responses to plants. All
forms apparently are host-plant interchangeable
within the amphibious amaranths. However, the
Agasicles forms sort out geographically and by hab-
itat in accordance with their adaptations. As a re-
sult, no species is known to attack, in nature, more
than one or two species of amphibious amaranths.
Qur records show that, in the field, the Para-
guay River form of Agasicles opaca and A. hygro-
phila develop in both Alternanthera hassleriana
and alligatorweed and that Agasicles vittata, A.
interrogationis, and A. connexa develop on both
Alternagnthera sessilis and alligatorweed. Also,
no-choice testing shows that Agasicles hygrophila
adults feed only sparingly on cut stem ends of
Alternanthera paronychioides and A. pungens,
with no perceptible development (Vogt and Cordo,
cited in footnote 15). From these findings, it seems
that Agasicles, in adapting to an aquatic environ-
ment, has been foreed by natural selection to relin-
quish any terrestrial host-plant species it might



have had even when such plants are closely related
to amphibious amaranths. As already noted, am-
phibious amaranths are plants of heterogeneous re-
lationship, since Alternanthera sessilts and A. rein-
eckii are members of a subgenus apart from al-
ligatorweed and A. hassleriana, which are truly
closely related.

D. M. Maddox?! has suggested that a special hy-
groreceptor system may have evolved in Agasicles.

#tPersonal communication, 20 Apr. 1973.

Supporting this propoesal is the more general host-
plant range within Alternanthera exhibited by
Disonycha argentinensis as compared with the lim-
ited range of amphibious Alternanthera open to
Agasicles. However, we are intrigned by the fact
that Agasicles species are attracted to host plantsin
water, whereas Alternantherg-oriented Disonycha
species normally avoid plants in water. Both re-
sponses are remarkably clear-cut in the field. This
contrast causes us to consider the possible evolution
of opposite responses for a homologous receptor.
In the evolutionary course there could have been

Divergence ————»

FiGURE 39, Dendrogram of estimated evolutionary courses of four speces of amphibious amsranths from a presumably terrestrial
ancestral form.
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a continuum of response intensity either way. A
special hygroreceptor system may not neecessar-
ily be involved,

Not far beyond point B (fig. 40) the ancestral form
of Disonycha argentinensis diverges from that of
Agasicles and then undergoes some convergence
entailing readaptation toward a more terrestrial
habitat, while the ancestral form of Agasicles con-
tinues to adapt to the aquatic portion of the host
plant’s ecological range. If alternative host plants
existed, the divergence would have cccurred at an
earlier point in the lineage in order not to require
the convergent phase in the evolution of the ances-
tral form of Disonycha argentinensis. Under this
condition, the convergent phase might be tan-
tamount to divergence hetween that lineage and
the one attached to alternative host plants and
ancestral alligatorweed away frou: the zone of iso-
lation. This complication is not indicated by exist-
ing species. Also, as compared with Agasicles,
Disonycha argentinensis has not split up inte tax-
onomically distinguishable forms {(see p. 25).
This contrast seems to be related to the interae-
tion hetween the host stem and flea beetle.
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At point C, prepupal stem entry is obligatory,
T-shaped posterior processes are fully evolved in
the pupae, reduction of larval setiferous tubercles is
nearly complete, and development of hydrofuge
pubescence and narrowing of the prothorax and
elytra in adults are complete. With adaptation to
the aquatic environment highly developed, radia-
tion of the allopatric forms oceurs in close succes-
sion. At point D, as the host plant develops the
inflated internode, the ancestral form of Agasicles
opaca develops a large, broad, more convex form
and orange fageiate markings. The three forms of
the Paraguay and the Amazon Basins diverge.

All the vittate species of Agasicles show a ten-
dency for reduction and interruption of the U-
shaped ivory-colored markings. This tendency
is most pronounced in A. hygrophila and least
pronounced in A. vitiata. Figures 42-44 show
representative variation in the markings of A. hy-
grophila. There is no evidence in these and many
others of any lateral extension of the interrupted
markings to form fasciae, such as oceurs in the fas-
ciate species of Agasicles. The greater tendency of
A. hygrophila to have interrupted markings indi-


http:Assumi.1g

43

|
@

44

FI6URES 41-44,—Variation in elytral markings of Agasicles hygrophita. Figure 41is an aberrant variant { Montevideo, Uruguay). Each
group of 2 variants represents a percentage of the sample of 87 females and males as follows: 40 percent (fig. 42), 50 percent (fig. 43),

and 10 percent (fig, 44).

cates affinity with the forms of fasciate A. opaca
(compare figs. 41-44 with fig, 61).

Thus is estimated a course of interactive evolu-
tion of a distinet genus of aquatic flea beetles and a
group of closely related amphibious host plants. The
ancestral forms of both the host plants and of their
dependent flea beetles probably were terrestrial.
Alternatively, or at least in part, the evolution of
Agasicles and Disonycha argentinensis could have
occurred after the host plants had completed most
of their evolution. This alternative would be more
in accordance with the view that much plant evolu-
tion may have been accomplished before ancestral
forms of recent insects became attached to them
(Jermy 1976). According to Axelrod (1960}, the fos-
sil record shows that older Tertiary plants can be
placed in existing genera and may even be similar

to existing species. However, the more fragmen-
tary fossil record of phytophagous Coleoptera
indicates some eomparability in evolutionary prog-
ress. From North American Miocene deposits,
Wickham (1920) and Hurd et al. (1962) list the mod-
ern chrysomelid genera Trirhkabda, Pyrrhalta
(Galerucella), Diabrotica, Luperodes, Altica, and
Systena. Almost certainly Disonycha existed at
that time. None of the 11 species listed is recent
(Wickham 1920).

It may be that Disonycha has an older history in
North America than in South America because
there are species in North America, such as
Disonycha colliata, D. zanthomelas, and D. trian-
guloris, that have relatively generalized host
ranges and may therefore be more primitive. Also,
a North American aquatic disonychine counterpart
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to Agasicies may be Disonycha pennsylvanica and
closely related forms. This group of species is
characterized by costate elytra and is restricted to
the Polygonaceae in subaguatic to aquatic habitats
(Wilcox 1954; Blake 1955; Balsbaugh and Hays 1972;
Vogt et al., cited in footnotes 12 and 15). The group
ranges from Canada to Argentina, but it may be less
obligatorily aquatic in South America. Besides
Disonyche pennsylvanica, Blake (1933, 1955) lists
five closely related species from North America and
four other species from South Ameriea, including
D. bicarinata, which we have observed at several
widespread sites in Argentina. Unlike terrestrial
Disonyceha, this group of species has fine hydrofuge
pubescence onits ventral surfaces. However, pupa-
tion normally takes place in wet duff and detritus
near the margins of inundated areas. As prepupae,
D. pernsylvanica will also enter existing openings
in hollow stems of its host plant, as alreacly cited.
Although the D. pennsylranica group is composed
of somewhat more slender species than most other
disonychines, the prothorax has not been narrowed
and modified as in Agasicles (Vogt et al., cited in
footnote 12). We believe that the aquatic di-
sonychines of the Polygonaceae may be as old or
older than Agasicles. They probably would be as
strikingly distinet as Agasicles had they ecome into
interaction with their host-plant stem. Even though
they are adapted to the aquatic habitat, we do not
consider the Disonycha with costate elitra as
close extrageneric relatives of Agasicles, as much
because of their consistent feeding relationship
with the Polygonaceae as because of their struc-
tural divergences.

For comparison with Agasieles, there is another
possible example of interactive evolution of a group
of flea beetles that may have occurred as its host
plants became aguatic from terrestrial ancestral
forms. The divergence between the plants has been
sufficient for water primroses, Ludwigia species, to
be clearly distinct from terrestrial genera such as
Oenothera and Guura. From the inclusive genus
Allica, Bechyné (1959) separated a group of very
closely related aquatic flea beetles under the genus
Lysathia. Lysathia hudovieimng of North America
and L. flavipes and related species of South
America, like the species of Agasicles, are spe-
cialized allopatric to parapatric vicarious species
that are ecological homologs of one another. For its
development, each is limited te aguatic and am-
phibious water primroses, especially Ludwigia pep-
{oides. In contrast, the terrestrial species, such as
Altica marevagans and A, foliaceq, are limited in
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their development to terrestrial onagraceous hosts
such as Oenothere and Gawre. Altica litigaia of
North America and various Altica species of South
America are transitional in adaptation, developing
on both amphibious and aquatic species of Lud-
wigin. Moreover, Altica litigata commonly de-
velops on terrestrial Oenothera biennis (Vogt et al.,
cited in footnote 12),

The aquatic Lysathia resort to surface pupation
when mud or some other soft, pliable substrate is
not available for entry. The stems of Ludwigie,
with their alternate leaf arrangement and lack of
compartmentalized hollow stems, may not lend
themselves to prepupal stem entry, thus account-
ing for the comparatively limited divergence be-
tween the aquatic Lysathia and the terrestrial to
amphibious Alfica species. There have been diver-
gences, however, such as development of more
highly specialized hydrofuge pubescence in the
adult and more robust and adhering posterior pro-
cesses In the pupa of aquatic speeies. But there has
been no lateral restriction of body imposed by
a host-plant stem and, consequently, no compen-
sating increase in body length, with concomitant
development of an enlarged and sexually dimorphic
pygidium, a narrowed but elongated prothorax,
and other structural changes that seem to have
oceurred in Agasicles in interactive evolution
with the stem diameter of the host plant.

Alternatives to Coevolution

Hering (1951) describes the occurrence of dis-
junctions in host-plant spectra of certain leaf-
mining insects that occur when a more or less
distantly related plant becomes either acceptable
or seasonally or geographically available as a new
host. In view of this phenomenon there is need to
consicder further the recent transfer of indigenous
North American terrestrial Dizonyeha collata and
D, yanthomelas to alligatorweed. These somewhat
generalized flea beetles may now have an oppor-
tunity to evolve an aquatic form comparable to
Agasieles, just as the suggested ancestral form near
D. argentinensis did in the geological past, Both
North American flea beetles have adapted us effec-
tive suppressants of terrestrial alligatorweed. Dur-
ing flooding, adults of . colluta oceasionally take
refuge on floating mats of alligatorweed. We have
found the mimetic predator-parasite of Disonychea,
Lebia viridipennis, accompanying the temporarily
displaced flea beetles. Such observations have been



made in the more northern, temperate latitudes,
where the introduced Agasicles hygrophila may not
become an important suppressant (Vogt et al., cited
in footnote 12},

The transfer of two North American flea beetles
to an introduced South Ameriean host plant consti-
futes a disjunction in host-plant spectra for two
mederately generalized species. Earller, these
same flea beetles added introduced chenopodia-
ceous beet, spinach, and Chenopodium album to
their host-plant spectra, when formerly they were
restricted to North American species of Amaran-
thaceae and possibly Stellaria species (Caryophyl-
laceae). In these cases, the plant was brought by
man into the indigenous range of the flea beetles and
was accepted as a host. The proposed evolutionary
history of Agasicles and the biogeography of the
amaranth-feeding disonychine flea beetles point
clearly to the probability of these disjunct host-
plant transfers.

Disjunction in host-plant range may zalsoevolvein
situ between plant and transferring insect. In such
cases, the transferring insect may underge genetic
changes in responses and tolerances and in habitat
and nutritional requirements. A more or less dis-
tantly related plant may become an acceptable host
as a result of coincidental or convergent evolution of
phytochemical and other characteristics that at-
tract, tolerate, and provide an adequate diet and
habitat for a transferring more or less specialized,
phytophagous insect. One of us?? has extensive evi-
dence of this type of disjunction in Neotropical and
Nearctic leaf-mining Buprestidae. In some species
the transfer is limited to occasional eggs being
placed on the disjunct host. In other related species
all eggs are placed on the disjunct host, while the
adults feed only on the ancestral hosts. In still other
related species the transfer is complete, with all
stages of the insect confined to the disjunct host.
Transfer of insect species to new plants that are
closely related to the ancestral hosts may also oceur
in the same manner. But such eases are inconspicu-
ous and require close study for resolution. Analysis
remgins to be done of tens of thousands of rearings
and field observations that may reveal clear evi-
dence of this process in less disjunct, closely related
host plants.

The various processes that lead to the formation
of 2 disjunction in host range, whether they be
coevolutionary or not, are extraneous {extrinsic) to

22, Bcht. unpublished studies.

the coevelutionary process that follows orientation
of an insect species to a new host. For definjtive
studies, we necessarily restrict our definition of
coevolution to ongoing {intrinsic) interactions.
Whenever they can be recognized, we either ex-
clude or identify the extranecus phases. Ehrlich
and Raven (1964), however, do not make this dis-
tinction in their concept of coevolution. Under
this term, they include, with no exceptions indi-
cated, “the stepwise (the steps may be diverse in
size] responses on the part of the insect to the evo-
lution of secondary plant substances” and other
phytochemical attributes and structural and me-
chanical characteristics. They include under co-
evolution the new adaptive zones {mostly in the
form of new host plants) that the stepwise re-
sponses open up to the insect under consideration.
Also included is the reverse process in which the
host plant resists or excludes insects by evolving
a new phytochemical or physical protective sys-
tem. Because the reverse process oceurs during an
ongoing biotie interaction, we also consider it as be-
ing intrinsically coevolutionary.

In host-plant disjunctions (stepwise shifts), al-
though the phytochemical and other changes may
have cecurred passively or coincidentally with re-
spect to the subject insect, these same changes in its
new host plant could iikely have resulted from the
plant’s interaction with other biotic agents having
an extended prior history of association with that
plant. This complexity is touched on by Ehrlich and
Raven (1964} and may be the reason for their dis-
regard for the extraneous phases that lead to par-
ticular coevolutionary processes. They stress the
importance of considering the coevolution of in-
sects and plants in the perspective of geological
time, emphasizing that there must have been a suc-
cession of many and various inferactants shifting
from one evolutionary line of plants to another.
From this it can be seen that for a given evolu-
tionary line of plants, the interaction with a given
evolutionary line of insects may be relatively
brief. However, that same line of insects may con-
tinue on aiternate host plants.

While many wide disjunctions seem to be clearly
coincidental, narrow disjunections in host-plant
spectra probably more often involve essentially
coevolutionary processes. The close ecological and
genetic relationships within the plants and within.
the insects may result in such a complex of interae-
tions that recognition of coincidental disjunctions
would be impossible. Also, within these interacting
guilds of species, oligophagous insects may lose
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one or more host species only to regain them later.
Loss of a host-plant species may oceur when plant
resistance develops to the point of exclusion. Insect
exclusion by host-plant resistance may be aug-
mented more or less by the advantage gained
through changing plant community characteristics,
or plant defense guilds, ss proposed by Atsatt and
O'Dowd (1976). Such changes may deflect the
chemotactic and other responses of the subject in-
sect from the plants in question. The changes may
also increase the pressure of the subject insect’s
predator-parasite complex. As stated earlier (p.
23}, the feeding of Disonycha glabrata adults on
alligatorweed, in addition to their feeding on
normal hosts within Chamissoa and Amaranthus
(including Acnida), may be either a transitional
transference or a vestige of an old orientation
to Alternanthera.

Also, reduction in stature or near extinection, or
both, of a host-plant species may cause gaps in
host-plant spectra. Extended geological time may
be necessary for this process to take place and for
appreciable gaps to appear. But in our time we are
witnessing the demise of the American elm and the
American chestnut as clder trees. Simultaneously,
numerous insects are losing important hosts, and
some narrowly specialized dependent species are
becoming extinet.2?

Inapplying the theories of island biogecgraphy to
the host plant and its phytophages on continents,
Opler (1974} treats narrow to somewhat broader
host-plant disjunctions in the foliowing synthesis:

The relationship discovered hetween diversity of
(lepidopterous) leaf miner guilds and the area of
host foakl occupation should be viewed in an
evolutionary context. Throughtime, the numberof
leaf miner species feeding upon a given host will
remain in equilibrium as the area of host occupation
chanyes. The evolution of new species or extinction
of previously existent ones maintains the equilib-
rium. By examining the taxonomic affinities and
host refationships of extant leaf-miners in Califor-
nia, the source area from which new miner species
are acquired by hosts of increasing distributional
arex can be readily envisioned. The souree area
for new colonists is only rarely some distant ar-
chipelago (another oak region), but is usually some
sympairic host, although it necd not be the closest
related congener in Lhe taxonomic sense, For ex-
ample, three relatively unrelated naks of northern
montane affinities share the three closely related
members of 2 single species complex of miners,

45, B, Vogt, unpublished uotes,

38

In a similar vein, Janzen (1968) points out:

Island srchipelagos are well known for the pro-
duction of clusters of aimilar apecies from single
founder species, The same thing appears to hap-
pen within insect groups, if the plant genus or
family is regarded aa the archipelago. By bridg-
ing the defensive system of a particutar plant
species, the insect speciea may now spread to
ather plant species with the same defense syatem
inew adaptive zone] (e.g., Ehrlich and Raven,
1964).

Also, we note the degradation and detoxification
of insecticidal canaverine in Dioclea seeds by a
specialized bruchid as deseribed by Rosenthal et al.
(1977). Additionally, Rethschild (1978) cites numer-
ous examples of disjunct host-plant patterns among
aposematic insects that sequester toxins present in
the food plant and thereby acquire protection
against predators. Pharmacophagy orients such in-
sects to “isolated genera of plants from unrelated
plant families which share the same toxic secondary
plant substances. . . .”

Stepwise coevolutionary patterns and the ability
of the first organisms entering a new adaptive zone
to increase its host spectrum and to radiate into
species groups have prompted Ehrlich and Raven
(1364) to reject a widely held idea, namely, the
“theoretical picture of a generalized group of
polyphagous insects from which specialized
oligophagous forms were [are] gradually derived.”
As cogent, far sighted, and far reaching as their
rejection is, it is conceivable that character dis-
placement (Brown and Wilson 1956; Brown 1964
Mayr 1970}, or ecological shift (Schoener 1974), may
be a2 means by which the host-plant range of a
species may be reduced or reduced at the same time
that new hosts are added, disjunctly or not. For
example, if Disonycha glabrata is considered to be
the closest intrageneric relative of D. argentinen-
13, we may make the following speculations from
the dendrogram shown in figure 45, Below periods
Aand B both Dg (Disonycha glabrata and its ances-
tral forms) and Da (D. argentinensis and its ances-
tral forms) were closely related allopatric species
having the same host plants, Alternanthera species
and Chawmissoa-Amaranthus species. Within
period A, the two species became partly sympatric
and underwent character displacement with re-
spect to host plant. In the area of overlap, Dg be-
came partial to Chamissoa-Amaranthis, and Da
became partial to Alternanthera. In period B, the
overlap of the species expands to completion in
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FIGURE 45.—Postulated evolutionary course of Disonycha glabrata and its ancestral forms (Dg) and D. argentinensis and its ancestral
forms (Da), assuming that these two species are phyletically related. We have not studied the relationships between several vittate
species of Disonycha similar in form to D. glabrata. We therefore assume subequal amounts of divergence and convergence with
respect to division of host-plant spectrum. But this subequality does not likely apply te change of form. The difference in form
between D). glabrata and D. argentinensis could most likely have resulted from divergence in the direction of D). argentinensis.
Symbols Ah through Aoa represent the five species of Agasnicles (species 2 through 8 on fig. 40).

South America, and all forms oriented to both
Chamissoa-Amaranthus and Alternanthera are
displaced. Above periods A and B, Dg and Da con-
tinue tobe stenophagous, but on generically distinct
host plants. They continue to diverge structurally,
and Dg may have extended its range into North
America by way of Chamissoa and Amaranthus
(including Acnida).

There is evidence from studies of lizards and sun-

fishes that ecological shift can arise from phenotypic
(behavioral) plasticity as well as from genetic
changes (Schoener 1975; Werner and Hall 1977). As
yet, we have not clearly identified shifts in host-
plant spectra in insects because of phenotypic plas-
ticity. However, testing under confinement often
shows that insects have a somewhat broader host
range than they are known to have in nature.
Because it applies to closely related species that




were originally allopatric, character displacement,
or ecological shift, is important in the practice of
biological control of weeds whenever one ecological
homolog is considered for introduction to compete
with ancther. [t may be assumed that the homolog
considered for introduction is the more aggressive
species. If character displacement results in divi-
sion of the host-plant spectrum shared between the
two closely related species, in time either biotic
agent or both may become increasingly suppressive
hecause such a division in effect initiates an increase
in host-plant specialization that may increase effi-
ciency of host suppression (see p. 25). Conceivably,
new host plants might be added during or after the
division of the host-plant spectrum. Such extension
of host-plant range might counteract the progress of
host-plant specialization. Both the reduction and
the extension processes would be aimed at attain-
ment of geographical coexistence rather than at
geographical displacement of one species by the
other. Besides division of host spectrum, character
displacement may oceur in other ways that resultin
increased specialization: by division of the ecological
range of the shared host-plant species; by division of
the plant parts of the shared hosts; and by the
development of distinet periodicity on the part of
the insects. If character displacement does not
occur, one of the homologs may either be displaced
geographically or become extinet.

We note further that the taxon cycle would prog-
ress as speciation occurved by means of character
displacement. At the same time, as Pianka (1974)
points out, there would be a shift from r selection to
K selection. These two opposing selective forces
favor respectively the “r strategist” organism,
characterized by high reproductive rates, and the
" strategist” organism, which subordinates re-
productive rates to competitive or exploitative effi-
ciency through specialization.

Conceivably, some previously allopatric, closely
related phytophagous species may overlap in range
and still eoexist without ecological (including host-
plant spectra) division or anatomical division of the
shared host plants. We suspect that some of these
species are likely ecological nonhomologs and
nonanalogs (Vogt and Cordo 1976). Ayala (1972) has
reported density-dependent coexistence in closely
refated saprophytic Drosophile species that may
actually be eryptic (sibling) species. However, pos-
sibly applying in some species may be the character
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convergence described by Cody (1973) in birds,
mostly from the standpoint of flocking behavior. He
believes that the consumer species involved may be
either closely related (and possibly ineluding ecolog-
ical homologs) or distantly related {and possibly
including ecological analogs). As compared with re-
source abundance when character displacement
(character divergence) applies, the response of
character convergence oecurs when resources are in
short supply and cannot support the consumer
species separately. This would mean a single shared
host plant or group of host plants instead of two or
more separate host plants, each with a different
consumer species. We believe that, in phytopha-
gous insects, this process could either cause host-
plant spectra to converge or prevent a host-plant
spectrum from diverging. Ecological homologs and

analogs as described by Vogt and Cordo (1976) may

be involved in this process. But since weed prob-
lems do not, as a rule, involve resource searcity,
biocontrol workers may seldom become concerned
with this process,

We have considered the process uf coevolution as
well as the coincidental and interactive processes
that result in increases, decreases, and disjunctions
in host-plant spectra. Before proceeding to the next
section, we need only to briefly mention the impor-
tance of specialized insects in determining the com-
position of plant communities. We know that exotic
plant species such as alligatorweed are aggressive
invaders that often displace all other plants in cer-
tain habitats when introduced into regions lacking
their specialized herbivores. Often, in their native
habitats, such plants are of relatively low incidence,
sometimes growing as members of mixed com-
munities. This sparse occurrence is mostly a result
of biotic suppression by specialized organisms, of
which insects are a major component.

With this background and that given earlier on
biology and biogeography of Agasicies and related
flea beetles and their host plants and with the
dendrograms in mind, we proceed to some guan-
titative studies of variation in the five species of
Agasicles and the related Disen yehet argentinensis.
This presentation provides evidence for the
evolutionary ecourse of a genus of specialized insects
interacting with the host-plant stem. We will dis-
cuss speciation, the possibilities of coevolution, and
the finding of new, fully evolved host plants in the
course of migrations.



MORPHOLOGICAL VARIATION IN FLEA BEETLES
AND THEIR HOST PLANTS

The method described by Kim et al. (1963, 1966)
provided the guidelines for much of the methoed for
this study. Modifications are described below.

Measurement of Plants

The composition of the samples of host plants is
givenin table A-1 (appendix). Selection of plants to
fit herbarium sheets was minimized by trimming
large specimens to fit.

All specimens are from elevations near sea level
to 95 meters, except those from the Huallaga River
{610 m) and Pucallpa {160 m), Peru. The specimens
were collected from February through May in 1960,
1961, and 1962, except for those from Leticia, Co-
lombia, collected in June and July 1870. Except for
eight specimens numbered 1,462,766 and 2,282,379
in the U.S. National Herbarium, all specimens are
from 30 numbers in Vogt’s herbarium within the
series 1087 through 2138, All materials will be de-
posited in the U.S. National Herbarium.

The four plant dimensions used in the analysis are
given in table 3. Measurements were alsc made of
the stem diameter 80 millimeters from the terminal,
the stem diameter at the middle of the fifth inter-
node from the terminal, and the length of fifth inter-
node from the terminal, but th .se dimensions var-
led too much to be usefu] analytical characters.

Vogt measured internode and stem lengths by
stepping with a pair of dividers set at 10.0 milli-
meters. The remaining length, if any, was measured
with a 10-centimeter portion of a Keuffel and Esser
(KE) standard meter scale divided in 0.5-millimeter
units. Stem diameters were measured directly with
the KE scale; the measurements reported here re-
flect the shrinkage and internode collapse resulting
from pressing and drying specimens. In living
Alternanthera hasslerigng, the maximum inter-
node diameter is near the middie, but in the other
aquatic amaranths, it is at the apex. Data on the
reliability of measurements are given in table A-2.

Measurement of Flea Beetles

The composition of the flea beetle samples is
given in tables A-3 and A-9 {appendix). All speci-
mens are from elevations near sea level to 120 me-
ters, except those from the Huallaga River, which
are from 610 and 640 meters. The specimens were
coliected February through May in 1960, 1961,
1962, and 1975, except for those from Leticia, Co-
lombia, collected in June and July 1970. All collec-
tions were by Vogt and his associates in the field,
except for those taken by Paul J. Spangler at
Luqué, Paraguay, and near Itabuna, Bahia, Brazil,
in June 1969. All materials will be deposited in the
U.S. National Museum of Natural History.

Collecting in all cases was done by observation
rather than by sweep net. In those collections of
which only a portion of the specimens was mea-
sured, individuals were picked at randem from
samples previcusly sorted into female and male
groups, but overly teneral and damaged speci-
mens were eliminated until the desired number of
measurable specimens was attained.

We have not exhausted the possible dimensions
for measurement of exposed body structures.
Rather we selected those dimensions which seemed
more likely to show a relationship with the host-
plant stem diameter. We did not make measure-

Table 3.—Plant characters anaiyzed

Number Character

Abbreviation

1 Stem diameter at midpoint of inter-  Int'n WL.
node falling within 80 mm of ter-
minal.

Length of that internode.

Length of aseending stem {from last
rooted node to terminal for lead
stem).

Stem diameter at base of ascending
atem.

Int'n L.
Ascdng L,

Int'n W3,
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Ficure 46.—Characters measured in flea beetles. The abbreviations are identified in tahle 4.

ments of the female spermathecae and the male
aedeagi. Aside from the technical difficulties in
their measurement, there is the problem of relating
measurements of the female structures with those
of the male. Such measurements, however, would
have been more likely diagnostic from the tax-
onomie standpoint than have those we measured of
the exposed body structures.

Of the 32 characters measured, 10 were not
utilized in order to reduce the amount of work. They
are length and width of the fifth sternite, apical
width of pronotum, lengths of antennal segments 1,
2,and 8through 11, and the width of segment 9. The
22 characters analyzed are illustrated in figure 46
and listed in table 4.

All measurements were made by Vogt, using a
stereoscopic microscope equipped with 1x, 3%, and
6x objectives and 9x oculars, the left one being
fitted with a linear graduated ocular micrometer 5
millimeters long, and the right one, with a reticule
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having a 10-millimeter squared area (100 squares).
Both of these micrometer reticules were calibrated
with a stage micrometer to two significant figures
for each of the three objectives. The linear mi-
crometer was used for all measurements except for
those appreciably exceeding the 5-millimeter linear
scale at the given magnification but falling within
the 10-millimeter squared area.

All specimens were preserved in 7b percent
ethanol and were therefore in a relaxed condition.
Each specimen was measured and read for all qual-
itative and meristic characters at one time.24 This
procedure was necessary to minimize the practical
problems inherent in measuring and reading rather
large-sized whole specimens that were oriented as
needed ona wad of absorbent cotton and moistened

24Most of the meristic and qualitative readings will be covered
ina future paper.



Table 4.—Insect characters analyzed!

Nuriber

Abbreviation Objective Asgpect

Body length

Body width

Body thickness
Head length

Head width
Interantennal width
Interceular width
Pronotal length
Pronotal width
Elytral length
Minimum internal width of elytral “U”
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Maximum external width of elytral “U"

Pygidial tength

Pygidial width

Length of metathoracic tibia
Antennal length

Length of 3d antennal segment
Length of 4th antennal segment
Length of 5th antennal segment
Length of 6th antennal segment
Length of 7Tth antennal segment
Width of 7th antennal segment

Dorzal,
Doraal.
Lateral.
Lateral,
Dorsal.
Dorsal.
Dorsal.
Lateral.
Doreal.
Dorsal.
Doraocaudal.
Dorsocaudal.
Lateral,
Caudal.
Anterior.
Dorsal.
Doreal.
Darsal.
Darsal.
Dorsal.
Dorsal.
Dorsal.
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'The characters measured are illustrated in fig. 46.

as needed with 75 percent ethanol in a syracuse

watch glass. Each portion of the insect was care-
fully maintained on a horizontal plane while be-
ing measured.

Data on the reliability of the flea beetle measure-
ments are given in table A-4. In connection with
some of the high coefficients of variation, head
length (HL) and pygidial length (PyL) each involve
landmarks that have a contrast in foeal plane with
respect to the horizontal axis of the specimen
oriented across the field of the microscope. In the
case of the maximum external width of the elytral
“U" (UZ2W) and the length of the third antennal
segment (3AL), it is possible that the three mea-
surements could have been made inconsistently on
the right or left side of the specimen.

Two sets of measurements of flea beetles were
made. The larger set was done during 1968-70 and
is treated separately from the second, which was
made during 1976-77 to incorporate additional sam-
pling from the surveys made in 1975 in South
America. In processing the 1977 data we discovered
that Vogt had inadvertently applied incorrect ecali-
bration factors for the 3x and 6x objective mea-
surements made during 1968-70. The incorrect
calibratien factors are 0.0312 and 0.00598, respec-
tively, for the 3x and 6x objectives. The correct

values are: C,,, =0.0844 and C,,, = 0.0170. We have
not corrected the statisties presented in tables A-4
and A—6—A-8, nor have we corrected the seales of
the graphs given in figures 50-60. However, we
have adjusted the scales of the 1977 series of graphs
(figs. 62-72) so that the phenoclines and normal
ellipses are as nearly equalized in configuration and
size with those of the earlier resuits as is practica-
ble. We have not made the fine adjustments needed
to fully equalize the configurations of the two sets of
results because of the tedium and time required for
this graphiecal method. However, the scale values
given in the more recently prepared charts approx-
imate the corrected values for the graphs of the
earlier set. We feel some students will find it in-
structive, as we do, having the incorrect data pre-
sented. The pictorial aspect of the presentation is
essentially unaffected. We note, though, that the
mean points in figures 62-72 not central to the three
plotted normal ellipses were calculated by non-
machine methods, i.e., by slide rule. Althoughthese
calculations have been rechecked three times for
accuracy, close comparison shows there are some
minor discrepancies between them and the corre-
sponding mean points of the earlier phenoclines
that are based upon Wang 700 output (figs. 50-60).

All phenocline distances utilized in tables 5, 6, and
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8 through 13 were measured with a 15-centimeter
section of a Keuffel and Esser standard meter scale
divided in §.5-millimeter units. All measurements
were made on the originals of the indieated graphs.

Correlation of Characters

Using 2 Wang 700 programmable electronie cal-
culator, J. U. McGuire, Jr., developed and carried
out a program to reduce the measurement data to
common terms, obtain the mean and standard de-
viation for each of the plant and flea beetle charac-
ters, and obtain the corresponding coefficient of
correlation and the points for each of the corre-
sponding bivariate, normal, 95-percent-tolerance
ellipses.? McGuire eonceived the application of the
normal ellipse.

In the graphs, each bivariate normal ellipse is
centered on the mean point. For the flea beetle
species, we postulate the same sequence for the
mean points as we give for Recent time in the den-
drogram that hypothetically represenis the evolu-
tion of the six forms of flea beetles from a single
ancestral form (fig. 40). Therefore, in each graph
(figs. 5060 and 62-72), we consider the line con-
necting the mean points of the species in this
sequence as an evolutionary trend line for the par-
ticular pair of variables (characters) plotted on the
graph. This trend line corresponds o the pheno-
cline of Ross (1974).

After the correlation of characters in the plants,
we will consider three different versions of the
Disonycha-Agasicles phenccline. We will take up
the first version (figs. 50-60) in the next section,
“Flea Beetles (Recognized Speciesy’ (p. 49). Next,
we will consider the second version (figs. 62-72) in
the section “Flea Beetles (SBubspecific Forms of
Agasicles opaca)” {p. T6). Last, under “Proposed
Trifurcate Representation for the Phenoclines” (p.
103), we will consider the third version {figs. 74-84).
In the third version, tue order of the mean points
is changed.

The bivariate normal ellipse encloses the area

23L.ate in this study MeGuire reprogramed ona Wang 2200 and
corrected a slight error in the Wang 700 program, in which
k=2F, . _,(n—2Mm—1)was used instead of k =2F, ,_, (n—Im-2).
We applied the Wang 2200 output in the following graphs {fig-
ures): 66A (Paraguay River form only}, 685B (Plains of Mojds
form only), and 66, A and B (all forms). In these figures, the
indicated normal ellipses are a trifle larger than those based on
the Wang 700 output (the value of & changes from about 7 to
about 8).
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containing 95 percent of the possibie points (z,y)
from a given population. The size and shape of each
eilipse depends on the variances, correlations, and
sample size from which the parameters were com-
puted, If the variances are small, the ellipse is also
small. I the two variances are equal and the corre-
lation coefficient is near zero, the ellipse becomes a
circle; as the correlation coefficient approaches 1,
the ellipse degenerates into 2 straight line. If the
sample size is smazll, the ellipse is large, decreasing
‘with increasing sample size.

It should be stressed that the representation of
our sample sets by normal ellipses is strictly a de-
scriptive statistical technique. It is thus not in-
tended that the graphs be used for purposes of
statistical inference (i.e., testing hypotheses). In
the judgments we have made, the graphs have been
only one of many inputs.

The correlation coefficient is a parameter of the
bivariate normal distribution. It is related to the
angle that the major axis of the ellipse makes with
the horizontal axis. Ifthe angle is between zero and
90°, the ellipse is inclined to the right and the corre-
lation is positive. If the angle is between 90° and
120°, the ellipse tips to the left, and the correlation
coefficient is negative. Ellipses in parallel alinement
indicate maximal intercharacter correlation,
whereas ellipses oriented at various angles signify
low intercharacter correlation. Characters having
the least intercharacter correlation between the
speeies tend to be more diseriminant and therefore
most useful taxonomically. Discrimination is ex-
pressed by the amount of separation or overlap
among the ellipses representative of the species.

Plants

The means, standard deviations, and coefficients
of correlation of the four plant-part measurements
taken of Alternanthera philoxeroides, A. has-
sleriana, and A. sessilis are givenintable A-5. The
graphs {figs. 47 and 48) show the corresponding sets
of normal ellipses for the three plant species. In
addition, a few individual points are plotted for
certain growth habits for which there was insuffi-
cient sampling.

In figure 47, stem size is expressed by length of
the ascending portion of the stem and its basal
width. It is strikingly clear that the ascending stem
of floating decumbent A. hassieriana is remarkably
short (ellipse B), and its ascending erect growth
habit when competing with erect plants (points A)
may equal or exceed the heights attained by al-
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FIGuRE 47.—8tem size in South American amphibious amaranths, by length of ascending portion of stem and its basal diameter. A (three points),
Alternanthera hasyleriana ascending stem eompeting ameng large erect Eichhoriia (near Asuncisn, Paraguay). B (normal ellipse and mean point), A.
hassleriana, free floating but with cordlike attachment to lagoon bottom; the prevalent growth form. C (normal ellipse and mean point), A.
philozeroides, uaually found competing among erect stems; all specimens eollected within the range of vittate species of Agasicles; the prevalent
growth form. D) (normal eliipse and mean point), A. philoxereides, regeneration of Agasicles-suppressed plants, Reconquista River near Castelar,
Argentina. E (single paint), A. priforeroides, extending from margin of incipient fleating mat. From lagoon neav city of Santa Fe, Argentina, south of

the range of A. hassleriana. F (normal ellipse and mean point), A. sessiliy, usually found among competing erect stems; ali specimens collected within

the range of Agasicies vittata,
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FicUne 48.—Stem size in South American amphibious amaranths, by length and diameter at midpoint of stem internode reaching within 30 millimeters of
terminal. A (three points), Afternanthera hosaferiana ascending stem eompeting among large erect Efchhornia {near Asuncién, Paraguay). B (normal
ellipse and mean point}, A. kassterisua, Fee Meating but with cordlike attachment to lagoon bottomy the prevalent growth form. C {normal ellipse and
mean point), A. philorervides, usually found competing among erect stems; all spacirmens eoliected within the range of vittate species of Aga gicfes; the
prevalent growth form. D (normal ellipse and mean point), A. pkiloreroides, regeneration of Agasicles-suppressed plants, Reconquista River near
Buenss Aires. E (singie point), 4. philozeroides, floating, possibly a form with cerdlike attachment 1o lagoon bottom; collected south of the range of A.
hassleriana, near vity of Sanla Fe, Argentina. F {normal ellipse and mezan point), A. sessilis, usually found among competing erect stems; all specimens
collected within the range of Agasicles vittata,




ligatorweed and A. aessilis (ellipses C and F). The
stem diameter shows less clearly the greater stem
diameter of A. hassleriana and the smaller diame-
ter of A. sessilis than is shown in figure 48.

As observed by Chodat (1917), the floating stem
of Alternanthera hassleriana is stabilized by a mass
of fine roots extending beneath the water surface.
They counterbalance the pair of erect leaves emerg-
ing abnve the water at each node, and a long ascend-
ing stem would interfere with this stability ( fig. 7).
Such stability and such a rigidly consistent orienta-
tion of leaves and of root masses are not evident in
alligatorweed even when it is trailing on the ground.
A floating growth habit that compares with that
of Alternanthera hassleriana has yet to be found
in alligatorweed.

Somewhat comparable with A. hassleriana,
however, may be the stems emerging from the
margins of incipient floating mats of alligatorweed
that oceur occasionally in South America or from the
margins of the extensive, established floating mats
that were commonplace in the Southern United
States (see frontispiece), Each of these more or less
isolated and noncompeting stems represents new
growth; each emerges from the water surface in &
broad gentle curve, ascending usually not more
than 200 millimeters. A few such stems are included
in the sample represented in figure 47 by ellipse C.
But a single example from a lagoon near Santa Fe,
Argentina, having exceptionally large-diameter in-
ternodes has been plotted separately on figure 47
(point E) for comparison. The grossness of this plant
approaches that of the fioating form of A. has-
sleriana, which is not Imown to occurso far south in
South America.

The lagoons near Santa Fe are in the broad flood
plain of the Parand River ahove its delta. They are
insolated and resemble the lagoons in the Chaco,
500 kilometers upriver, where Alternanthera has-
sleriana grows to the exclusion of alligatorweed, at
least in undisturbed lagoons. In the 500 kilometers
separating Santa Fe and Resistencia, we do not
know just where A. hassleriana reaches the south-
ernmost limit of its range. We believe it is likely that
this tropical plant does not reach appreciably
beyond the confluence of the Paraguay River and
the Parand River. It is very unlikely that alligator-
weed develops a floating, lagoon-inhabiting growth
habit that really approaches A. hassleriana in form
or intergrades with it.

The film of water covering its hydrophilic floating
stems and the weight of its more robust ascending
stems, together with their broad, heavy foliage,

may contribute to A. hassleriana having such short
ascending stems when it is a more or less isolated,
noncompeting, free-floating plant. In insolated
lagoons in South America, A. hassleriana occurs
either as isolated fleating stems or as loosely woven
mats in which ascending stems are of the usual very
low profile. In contrast, the more or less free-
floating, noncompeting stems of alligatorweed as-
cend with tapering, elongated stem internodes and
slender leaves. These usually emerge from the
margins of incipient (in South America) or estab-
lished {pre-biocontrol in the Southern United
States) floating mats of the plant. Dense floating
mats with emergent, erect, competing stems 300 to
1,000 millimeters tall, such as alligatorweed formed
commonly in the Southern United States, were
never found involving either of these aquatic ama-
ranths in Seuth America.

Both plants have about the same ascending capa-
bility when competing with other stems. However,
asindicated above, Alternanthera hassleriana does
not ascend when competing intraspecifically in open
lagoons. Almost all erect A. hassleriana plants ob-
served in South America were competing in dense
growths of Eichhornia. For either amaranth, the
surrounding competing erect stems provide needed
mechaniczl support. In addition, both in South
America and in the Southern United States, al-
ligatorweed stems have been fqund to ascend to
heights of 2,000 to 3,000 millimeters by climbing
from branch to branch of shrubs and bushes, which
provide the needed mechanical support for these
weakly rigid, normally trailing plants.

In figure 48, stem size is expressed by length and
width at the midpoint of the stem internode reach-
ing within 80 miilimeters of the terminal meristem.
Based upon the samples measured, which are rep-
resentative of the prevalent growth habit of each
plant species, the internbde diameter and to a less
extent the internode length of A. sessilis (ellipse F)
are smaller. They fall almost entirely within the
range of variations of alligatorweed (ellipse C). In
contrast, the prevalent decumbent, floating growth
habit of A. hassleriana (ellipse B} has only a nar-
row overlap with alligatorweed. It has 2 much
larger range of internode diameter, but with inter-
node length falling within the range of alligator-
weed. However, more nearly like the growth habit
of alligatorweed, but in marked contrast with its
own floating, decumbent growth habit, are the as-
cending stems of A. hassleriana that compete with
erect plants such as occur within rafts of giant
Eichhornia (points A). These stems remain distin-
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guishable from alligatorweed by their grossness,
their vestigially inflated internodes, and often by
their appressed surface vestiture.

Included in figure 48 is a representation of stem
size of the alligatorweed regenerating uniformly in
an area where the stems had been covered with silt
along the banks of the Reconquista River near
Buenos Alres (ellipse D). This alligatorweed had a
history of heavy suppression by Agasicles hygro-
phila. These stems are almost as slender as stems
of Alternanthera sessilis {ellipse F}, and virtually
every one was infested at the time of sampling by at
least one clutch of first-instar Agasicles hygrophila
larvae. Therefore, there was a high probability of
attemnpted pupation within these stems at the same
time that there was a low probability of appreciable
growth in stem diameter during the 2 weeks needed
for larval development.

The samples of alligatorweed were inadequate to
show significant differences in diameter among
stems from the four regions where each of the {our
vittate Agasicles species occur. This deficiency in
sampiing required combining all these materiais for
the comparative purposes treated it the next sec-
tion. For similar reasons, the Alternanthera has-
slerigng materials from the Paraguay and Amazon
Rivers were comhined.

Field observations indicate wide variation in
stem diameters of alligatorweed for any given lo-
cality hut with no recognizable change geographi-
cally. Alternanthera hassleriana varies much less
at a given locality and shows no appreciable differ-
ence between the basins of the Amazon and Para-
guay Rivers.

Flea beetles (recognized
species)

The means, standard deviations, and coefficients
of correlation of the 11 pairs of flea beetle charac-
ters measured on the 6 recognized disonychine
species are given in tables A-6 (females) and A-7
(males). Statistics are given in table A-8 and figure
49 (B and C) for the combined samples of pronotal
width (PrW) and length (PrL) for all four vittate
spacies of Agasicles.

Three of the bivariate normal eilipses in figure 48
(B, C, and F), which represent the prevalent

growth forms of each of the three species of aquatic
amaranths, are shown again in figure 49A. Here
they are shown In a suggested relationship with
their disonychine flea beetles, which are rep-
resented by normal ellipses expressing the varia-
tien of the length to width of the pronotum for
females (fig. 49B) and males (fig. 49C).

The flea beetles of the genus Agasicles are
grouped geographically to correspond with the
range and samples of the host plants (figs. 32-34).
The Amazonian and Paraguayan forms of fasciate
A. opaca are combined to correspond with therange
of Aliernanthera hassleriana. Agasicles vittate and
its three other vittate congeners are combined in a
unit to correspond with the range of alligatorweed.
Inadequate sampling of the host plants prevented
comparisons with individual species of Agasicles.
However, Agasicles vittata is shown separately be-
cause, over part of its range, it is associated exclu-
sively with Alternanthera sessilis {figs. 33 and 34).
As explained earlier, this piant is alsc a host, but a
minor one, for Agasicies vittata further downriver
and for A. interrogationis and A. connexa along the
narrow littoral of Brazil. In both of these regions,
alligatorweed is the major host plant.

Because all these species of Agasicles pupate only
inside their host-plant stem, each of the three sets
of ellipses for Agasicles is connected by a line indi-
cating interaction with the ellipse expressing varia-
tion of host-plant internode length and width. No
interaction is shown between the ellipse for
Disonycha argentinensis and any of the host plants
because, as indicated earlier, this flea beetle pu-
pates in soil.

More than any other measurements made in this
study, pronotal length and width show clearly the
reduction of flea beetle width caused by restriction
of the host-plant stem diameter. A slender pro-
thorax, together with a somewhat narrowed head,
afford mobility within the stem internode cavity.
This mobility is probably needed by the newly
emerged flea beetle for feeding, either generally
within the stem or in making an exit from the stem.
Also, we point cut that the length and width of
pronotum in the pupa are nearly the same as in the
adult {figs. 21-25). In contrast, this is not at all true
of the elytra, to be diseussed later.

In comparing the ellipses of graphs B and C of

FigUre 48.—Interactive evolution of amphiblous amaranths and Agasicles species that pupate in the stem. The interaction is most’
evident in the comparizon of A, host-plant stem size (Int'n W and Int'n L}, with B and C, pronotal size {PrW and PrL) for females
and males of the infesting flea beeties. In Disonyeha argentinensis, which pupates in soil, the pronotal width is much greater and
the pronotal length much less than in the vittate species of Agasicles, (This figure is a composite of figs. 48 and 60.)
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figure 49, representing the flea beetles, with those
representing the host plants in graph A, it is evident
that the stem diameters of Alternanthera sessilis
tend to be undersized for the pupating flea beetles,
while those of alligatorweed tend to be slightly
oversized; those of A. hassieriana are markedly
oversized. From this it may be concluded that A.
sessilis has the most restrictive stem diameter and
A. hassleriana the least (if at all) restrictive diame-
ter. Also, both A. sessilis and alligatorweed. the
normal hosts of the vittate Agasicies species, nave
more restrictive stem diameters than does, ifit does
at all, Alternanthera hassleriana, the normal host
plant of the three fasciate forms of Agasicles.
Alternanthera sessilis, however, does not oeccur
within the range of the smallest vittate species,
Agasicles hygrophila.

The ellipses for the combined vittate species of
Agasicles show that reduced insect width was ac-
companied by a compensating increase in length.
The fasciate forms, whose host plant has large stem
cavities, has increased in overall size considerably
beyond the dimensions of the vittate species of
Agasicles and Disonycha argentinensis. This over-
all size increase may have developed after various
compensating length increases in the vittate ances-
tral form of the Paraguayan form of A. opaca, i.e.,
when it was a vittate species not far removed from
the earlier ancestral form resembling small-sized
Agasicles hygrophila (fig. 40 between Cand D).

Figures 50 through 60 are the bivariate normal
eilipses for 11 different sets of character pairs. Each
set is composed of a series for the females (A) and a
series for the males (B) of five forms of Agasicles
and the related Disonycha argentinensis. In each
series, the heavy line connecting the mean points
for each species represents, as described earlier,
the first-version phenocline, or the estimated
evolutionary trend. The sequence of the six species
is the same as that given for Recent time in the
dendrogram shown in figure 40. For the fasciate
Agasicles opace nurmal ellipses are given only for
the combined samples collected in the Paraguay
River and in the lower Amazon, 1960-61. Samples
cellected in 1975 combined with the 1960-61 sam-
ples will be considered in the next section.

Even though the configurations of the pheno-
clines are diverse, in each of 10 of the 11 sets there
is remarkable concordance between trends for the
fernales (A) and the males (B), indicating little to no
sexual dimorphism. In a single set (fig. 60), how-
ever, there is marked discordance, clearly repre-
senting the obvious sexual dimorphism that is so
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strikingly developed in Agasicles. Much less obvi-
ous sexual dimorphism is detectable from the
graphs for three of the ten remaining sets and is
summarized in table 5.

Figure 50 represents the relationship of pronotal
width (PrW) to pronotal length (PrL). The ellipses
all show rather strong positive intercharacter cor-
relations, there being consistent alinement among
them. Clear taxonomic diserimination is apparentin
the normal ellipses representing Disonycha argen-
tinensis and Agasicles opaca.

The phenocline between Disonycha argentinen-
sis and Agasicles hygrophila shows a marked re-
duction in width and a moderate increase in length.
Between A. hygrophila and A. opaca there is a
general increase in length and width, with the mean
points for the vittate species rather closely clus-
tered. The considerably smaller size of A. hygro-
phila, the only species ranging into a temperate
climate, is also evident in figures 51 and 52 with
respect to body {elytral) width, body length, and
body thickness. The smaller size might seem to be
related to restrictive growth conditions besetting
alligatorweed during summer, late fall, and winter.
These temperate-climate conditions might seem to
be most pronounced in their effects on alligator-
weed regenerating from attack by Agasicles. How-
ever, we have no consistent evidence that shows
geographical differences in alligatorweed regenera-
tion in South America. Nor do we have any evidence
that Agasicles hygrophila is any more suppressive
of alligatorweed than any of its vittate allopatrie
congeners. Also, as already pointed out, A. vitlata,
a species of intermediate size, is limited to
Alternanthera sessifis over part of its range. This
amphibious amaranth is the one with the most slen-
der stems, A. reineckii excepted. Therefore, the
small size of Agasicles hygrophila remains an
enigma unless it is a manifestation of relationship to
the similar-sized, closest extrageneric relative,
Disonycha argentinensis. If true, we can extend
this explanation to account for the progressive in-
creases in size from A. hygrophila to A. connexa to
A, interrogationis and A. hygrophila to A. vittata
(figs. 50-52).

On the other hand, the great size increase of
Agasicles opaca is more clearly attributable to the
large stem cavity of its host plant, Alternanthera
hassleriana (figs. 50-52). In contrast with the vit-
tate species that are clearly limited in size by stem
diameters of A. sessilis and by alligatorweed, the
forms of Agasicles opaca consistently have space to
spare for pupation in the internode of Alfer-



nanthera hassleriana (fig. 49). However, when
the fasciate forms pupate in alligatorweed, stsm-
size limitation must come into play to limit flea
beetle size. It may be significant that our expeni-
ence with the Amagzonian Agasicles opaca shows
mueh less association with alligatorwead (aimost
nene) than does the Paraguay River form. This
difference may relate to the smaller size of the
Paraguayan form as compared with Amazonian
fasciate forms and reflect restrictive stem size be-
ing imposed by alligatorweed. The size of the
Paraguayan and Amazonian forms of A. opaca will
be taken up in the next section,

Figure 51 represents the relationship of elytral
length (EL) to elytral, or body, width (EW). Being
consistently alined, the ellipses show strong inter-
character correlations, which are positive in all
cases. There is more range of variation longitudi-
nally than transversely to the body axis. Except for
the combined fasciate Agasicles furms, the normal
ellipses show no clear taxonomic diserimination be-
tween the species of Agasicles.

From soil-pupating Disonycha argentinensis,
the phenocline shows a significant although small
decrease in elytral width, with little change in
length, a reduction presumably permitting better
fit of Agusicles hygrophile inside the host-plant
stem. As flea beetle size increases, elytral length
mcreases more than width, with the greatest in-
crease in width and length being attained by the
combined A. opaca forms of Alterianthera has-
sleriana. Note the extent of the steep slope of the
trend between the large fasciate species and the
smaller vittate species.

Across the elytra (elytral width) is the widest
portion of the adult bedy. But the elytra are
wrapped around the body of the pupa and are ac-
tuaily exceeded laterally by the apices of the pro-
jecting rigid femora (figs. 22 and 23). The eiytra
are among the last body parts to be extended and
sclerotized during and after ecdysis. They remain
in a pliable condition while the newly emerged, un-
fed, and still not full-sized adult remains inside the
stem. In the adult the elytra enclose the ptero-
thorax and abdomen that in turn house the large
flight museles and the space-demanding ovaries.
The ratio of width to thickness to length of body
can only undergo limited adjustment without seri-
ously interfering with the flea beetles’ jumping
ability to avoid danger. Already, slenderization
of body and appendages seems to have rendered
Agasicles less agile than its disonychine relatives,
Therefore, elytral width probably can undergo

only limited reduction and is considered to be a
less sensitive measure of constrictive effects
of the host-plant stem than is the pronotum.

Figure 52 represents the relationship of body
length (TBL) to body thickness (BTh). Again con-
sistently alined, the ellipses show strong inter-
character correlation. Except for the combined
Agasicles opaca forms, they show no clear tax-
onomic discrimination among the species.

The phericcline approaches a straight line with
little separation between Disonycha argentinensis
and Agasicles hygrophila. The slope of the pheno-
cline represents a gradual size increase. As indi-
cated in the previous discussion, width as well as
length has control over body thickness. Accord-
ingly, as flea beetle size increases, length of body
increases more than thickness of body, with the
greatest increases being attained by Agusicles
opaca. This progressive differential rate of increase
is also more or less evident in figures 51 and 55-60
and indicates clearly a consistent tendency in
Agasicles to increase in size. The progression
corresponds with increasingly tropical climates on
one hand and increasing distance from the range
of Agasicles hygrophile on the other. It may also
correspond with an increase in host-plant stem di-
ameter in some way not presently recognized.
Both figures 51 and 52 show a discontinuity in the
trend between A. interrogationis and A. piftaia.
This will reappear in figures 53, 56, and 58.

Figure 53 represents the relationship of head
width (HW} to head length (HL). The ellipses are
variously oriented, with the two for the female
Agasicles connera and A. interroguaiionis hav-
ing negative coefficients of eorrelation. But even
$0, no clear taxonomic discrimination is evident
among species.

The mean points of the ellipses are rather dosely
clustered; and although the head width of adult and
pupa are less than the pronotal width (figs. 1-6 and
21-23), head width is significantly reduced in the
phenocline from Disouyeha argentinensis to Aga-
sicles hygrophila. As body size increases, head size
fluctuates in a narrow range from A. Irygro-
phila through the vittate species and then mark-
edly to the combined forms of A. opaca. Head
tength shows less change than width over most of
the phenocline, _

Figure 54 represents the relationship of interocu-
lar width (I0W) to interantennal width {JAW). The
ellipses are rather consistently alined, with all coef-
ficients of correlation positive. Except for the com-

(Continued on page 74.)
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bined fasciate forms, the normal ellipses show no
clear taxonomic diserimination among the species
of Agasicles.

The configuration of the evolutionary trend line
is remarkable. It shows a very large decrease in
both variates from Disonycha argentinensis
to Agasicles hygrophile and 2 further marked de-
crease in the IAW continuing to A. connese. Then
there follows an increase in IJAW with a deerease in
IOW continuing to A. interrogationis. Both vari-
ates increase moderately, continuing to A. vitiata,
followed by the greatest increase in both variates
continuing to the combined fasciate forms.

The striking irregularities in this pair of pheno-
clines demonstrate the latitude of diversity of
widths that can oceur in the flea beetles indepen-
dently of host-plant stem diameters and indepen-
dently of a general trend of increasing flea beetle
body size (compare with figs. 50 and 52). None of
these widths abut against the interior of the stem
cavity or earthern pupal cell. These widths un-
dergo as much change among the closely related
speciés as among the less related. Despite the ir-
regular phenocline for this character, its useful-
ness for taxonomic purposes is not borne out by
the consistent alinement of the normal ellipses.

Figure 55 represents the relationship of max-
imum width of the base of the black U-shaped elytral
marking (UZ2W, fig. 46} to minimum width of the
base of the ivory U-shaped elytral marking (U1W,
fig. 46). The normal ellipses for each of the species
show varicus orientations, with all coefficients of
correlation negative except for female Agasicles
connexa and male Disonycha argentinensis. The
ellipses for the combined fasciate forms are com-
pletely discrete, and those for A. hygrophila over-
lap only slightly those for A. connexa and A. vittata.
This character is diagnostic for the identification of
the combined fasciate forms and for A, hygrophila.

The phenocline is remarkable for the out-of-line
or switchback position of the mean peint for
Aguasicles vittata. This discontinuity is also evident
on figures 51, 52, &u, and 58 and may point to a more
remote relationship with A. interrogationis. The
increase in U2W is probably related to body elonga-
tion in the process of size increase in Agasicles
species; and in this connection, the mean values for
the character proportion are nearly equal for A.
hygrophila and its closest extrageneric relative,
Disonycha argentinensis. There is the usual con-
cordance in the trend lines for the females and
males, indicating that there is little or no sexual
dimorphism shown by this pair of characters.
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Figure 56 represents the relationship of antennal
length (AL) to metathoracic tibial length (MTL).
The normal ellipses are all consistently alined and
have positive coefficients of correlation, with the
exception of the female Disonycha argentinensis
ellipse, which is rotated more than 90° counter-
clockwise to a negative coefficient of correlation,
in eontrast with the ellipse for the male. No¢
clear taxonomic discrimination is evident among
these ellipses.

For the first time, the mean point of a vittate
Agasicles, A, vitiata, falls closer to A. opaca along
the phenocline than do two other vittate species, in
this case, A. interrogationis and A. connexa. As
shown in table 5, this proximity reappears in the
phenoclines for antennal segments (figs. 57, 58, and
60). In all these cases, the greater proximity is
limited to the females and is evidence of sexual
dimorphism (which is less obvious in figs. 5658 but
very obvious in fig. 60).

The phenocline between Agasicles hygrophile
and fasciate A. opaca is nearly straight, with both
variates increasing in value and their mean points
being rather evenly distributed along its length. A
decrease in length oceurs in both the antenna and
the tibia between Disonycha argentinensis and
A. hygrophila. Also, these and the next two sets
of measured antennal characters are pairs of
lengths and cannot show the slenderization that
has taken place in the antennae and legs (femora)
of Agasicles as compared with Disonycha argen-
tinensis (figs, 1-6).

Figure 57 represents the relationship of the
lengths of the fourth antennal segment (4AL) and
the third antennal segment (3AL). The normal
eliipses are consistently alined and have positive
coefficients of correlation, with the exception of
the female Disonycha argentinensis and female
Agasicles connexa ellipses. The ellipse for females
of A. conneza is inordinately large because of the
small size of the measured sample and its great
variation. The normal ellipses show no clear tax-
onomie diserimination among species along the
phenocline.

The phenocline shows the two antennal segments
gradually and rather evenly increasing in length
from Agasicles hygrophila through the combined
fasciate forms, with a marked, seemingly spurious
deviation by the female of A. connexa. From
Disonycha argentinensis toA. hygrophila thereisa
significant reduction in length of 3AL but only a
slight reduction in 4AL,

Figure 58 represents the relationship of the



lengths of the sixth antennal segment (6AL) and
the fifth antennal segment (5AL). All the normal
ellipses have positive coefficients of correlation. In
the females there is no elliptic angle exceeding 45°,
while in the males the alinement is more nearly
perfect, with elliptic angles not exceeding more
than a few degrees. All of the ellipses broadly over-
lap one another and show no clear taxonomic dis-
erimination among species along the phenoclines.

Along the phenocline this set of relationships
shows the greatest proximity between the vittate
Agasicles species and A. opaca. The phenoclines
are almost straight, with about a 1: 1 slope, indi-
cating that antennal segments have increased in
size rather regularly in the evolutionary course.
As It does in the phenoclines for other plottings,
Agasicles vittato deviates slightly from the usual
trend. Disonycha argentinensis makes a similar
deviation from the general course of this trend.

Figure 59 represents the relationship of the
length cf the seventh antennal segment (TAL) and
its width (TAW). The normal ellipses for the females
show very little alinement, and the axes for
Agasicles connexa and A. vittata have negative
coefficients of correlation, In considerable contrast,
the ellipses for the males are somewhat consistently
alined, and only the one for A. connexa has a slight
negative coefficient of correlation. There is much
overlapping and somie near superposition of the
ellipses except for that of combined A. opaca
ferms, which is nearly discrete for the females
and completely so for the males. In the next sec-
tion, we will see from the second-version pheno-
clines that this discreteness of combined Agasicles
opaca forms is fost to a considerable degree when
the samples are subdivided geographically.

The phenocline takes a rather uneven course, but
there is clear concordance between the trends for
females and males. Between Disonycha argen-
tinensis and Agasicles hygrophila there is a slight
reduction in the width of the antenna, and between
D. argentinensis and A. »ittata there is a slight
average decrease in the width as the length gradu-
aily increases. This trend may alsc be & mani-
festation of the slenderization of appendages that
facilitate fitting the vittate species of Agasicles
within the confines of the stem cavity. The steep
slope of the phenoccline between A. vitiafa and the
combined fasciate A. opaca forms may reflect a
reversal in trend afforded by the lack of restric-
tion 1uside the large stem cavity of Allernanthera
hassleriana.,

Figure 60 represents the relationship of pygidial

width (PyW)and pygidial length {PyL). The normal
ellipses for the females show little alinement, with
the ones for Agasicles connexa and A. inter-
rogationis having negative coefficients of correla-
tion and affording taxonomic discrimination. In
considerable contrast, the ellipses for the males
are somewhat consistently alined with the ones
for A. interrogationis and combined A. opaca
forms and have only slightly negative coeffi-
cients of correlation.

A much greater contrast exists between the
phenoclines for the females and the males. As
pointed out earlier, thisis 2 manifestation of cbvious
sexual dimorphism and reflects the development of
tiie keellike horns on the female’s pygidium, the
“key” of the external genitalia characteristic of the
genus Agasicles. This key is vestigial in the males.
But developed on the venter of the male abdomen is
the remarkable cavity, or “lock,” which receives the
key of the external genitalia. Because of lack of
suitable corresponding reference points in most
females, no measurements were made of the lock in
this study,

In the females, between Disonycha argentinen-
sis and Agasicles connexa, the phenocline shows
that the increase in width of the pygidium is accom-
panied by littie change in length. But continuing to
A. interrogationis, there is a striking inerease in
length, with little increase in width. A significant
reduction in length with a small increase in width
ensues to A. vittata. A large increase in width, with
a small decrease in length, follows to the combined
A. opace forms. In comparison, in the males, be-
tween A. hygrophila and the combined A. opuca
forms, the width increases with the overall body
size, but the length diminishes somewhat before
gradually increasing between A. interrogationis
and the combined fasciate forms. The sexually di-
morphic external genitalia seemingly evolved de
novo and may have been instrumental in the specia-
tion of Agasicles.

Table 5 summarizes the proximity between the
vittate Agasicles and the combined fasciate A.
opaca forms, based on phencclinal distances for
each of the 11 character pairs. As already noted,
greater proximity does occur between vittate A.
vilteta and fasciate A. opaca than between vittate
A. interrogationis and vittate A. connexa. This
greater proximity is limited to females for the obvi-
ous sexually dimorphic character pair PyW to PylL,
and for the three less obvious sexually dimorphic
character pairs that involve antennal length,
namely, ALto MTL, 4A L toBAL, and 6AL to 5AL.
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Table 5.—First-version phenociine distances between mean points of character pairs of Agasicles species
as shown in figures 50-60. Decreasing values of differences indicate increasing proximity between
the vittate Agasicles species and A. opaca. Negative values indicate that the distance between vittateA.
vittata end fasciate A. opaca is less than the distance between vittate A. interrogationis and vittate A.

cCoOnmnexa
{Millimeters]
Character Females h_‘lfles .
pair A, vitlata A. connerxa to . A. vitlata A. connexa to .
(toy) toA.opaca A, interrogationis Difference toA.opeca A, interrogationis Difference

PrW toPrL cfig. 50) ....... 152 13 +139 152 & +146
ELtoEW(fig.51) ........ 40 27 +63 B4 33 +46
BLto BTh{fig.52) ........ 75 30 +45 70 20 +&0
HWto HL (fg. 58) ........ 62 15 +47 61 8 +bb
IOWto TAW (g 54) ...... 107 29 +78 112 22 +%0
U2Wto UIW (fig. 55) ...... 125 34 +91 117 26 +91
AL to MTL (fig.56) ....... 26 38 -12 58 k1] +24
4AL toBAL(fig. 57T ....... 34 43 -9 61 34 +27
GAL toBAL (fig. 58) ....... 45 T0 —2b 64 b2 +12
TAL toTAW (fig. 59) ...... g7 22 +TD 106 19 +87
PyWto PyL (fig. 60) ....... 0 a1 —21 o ﬁs_.___.___._._____ ________28__ o +40

Total .............. BR3 412 +538 953 285 +668
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The straight-line distances between the mean
points of character pairs for Disonycha argentinen-
sts (base zero) and those for each Agasicles species
are given in table 6. The progression from D, argen-
tinensis to A. opaca for each of the mean points
varies from the more even ( ? UZW to UIW and
o’ PyW to PyL) to the more uneven ( 9 IOWto IAW
and g’ IOW to IAW). The totals for each of the flea
beetle species constitute a rather even progression
for both females and males, with Agasicles vittata
showing a tendency to deviate. For those pheno-
clines that are irregular, the serial order pre-
sented in the dendrogram (fig. 40) and in the charts
results in greatest consistency. Different ordering
of the series resuits in greater overall inconsis-
tency. For these reasons, and in consideration of
the background information previously given,
we believe the relative proximity of the mean
points for the Agasicles species and Disonycha ar-
gentinensis expresses relationship.

We also note from table 6 that for only a sin-
gle character pair, IOW to IAW, does a female
vittate Agasicles exceed A. opaca in the distance
separating it from Disonycha argentinensis. In
the males, A. opaca is not exceeded on a straight
line in any of the 11 character pairs. Additionally,
T of the 11 female maximum distances correspond
to those of the males, while 9 of the 11 minimum
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distances (not indicated in table 6) correspond to
those of the males.

Flea beetles (subspecific
forms of Agasicles opaca)

The quantitative studies reported in the previous
section relate to flea beetle species or populations
that we consider as being reproductively isolated.
Figures 1-6 show differences in the external iock-
and-key genitalia of these forms, while figures
26-31show less obvious differences in the uncleared
aedeagi. Additional study material acquired in
South America in 1975 enables us to reconsider the
subspecific forms of Agasicles opaca in more detail.

Previously, when our material was limited to the
two extreme ends of their range, we considered that
the fasciate Agasicles might be composed simply of
two species. This judgment was based on markings
and on arather wide separation between mostofthe
mean points ofthe two forms along the phenacline in
which the lower Amazonian form is consistently
most distantly removed from Disonycha drgen-
tinensts (in table 8, we show only the straight-line
distance for the combined Paraguayan and Amazo-
nian forms of Agasicles opaca). Furthermore, we
anticipated that the two forms would separate as
Paragnayan and Amazonian. However, additional
samples have tended to obscure the separation



Table 6.—Straight-line distances between mean poiats (figs. 50-60) of body proportions of Disonycha
argentinensis and Agasicles species. Maximums within vittate Agasicles species are in brackets. Max-
imums that are concordant between females and males are starred

[Percent of total}

Chargcter D. A
pair

argeniinensis hygrophita

A. A
connera inferrogationis

FEMALES

PrW to PrL (fig. 50)
EL tc EW (fig. 51
BLto BTh{fig. 52)
HWto HL (fig. 53)
IOW to IAW (fig. 54}
U2W to UIW (fig, b5)
AL to MTL (fig. 56}
4AL to3AL (fig. 57}
6AL to SAL (fig. 58)
TAL to TAW (fig. 59)
PyW to PyL {fig. 60)
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along the phenocline and have revealed no clear
evidence of reproductive isolation. Besides, instead
of a Paraguayan and an Amazonian form, we now
consider three subspecific forms as more likely.
Accordingly, we assigned the samples of Aga-
sicles opaca to three very large geographic re-
gions among which, we postulate, there is now only
restricted gene flow. The first of these regions is the
broad deitaic plain of the lower Amazon River.
Much of this is open landscape studded with iso-
lated insolated lagoons that are natural habitats
of Alternanthera hassleriana, the normal host of
Agasicles opaca. A broad region of forest and a long
stretch of rapids of the Madeira River together with
a narrow alluvial plain and a paucity of lagoons
separate the lower Amazon from the second region,
the Plains (Llanos} of Mojés. Within the Amazon
Basin, this vast region of seasonal flocding and open

17.6
5.1 [17.8)*
9.0 (21.4] 18.3
8.0 20.0 16.0
i24.61* 23.4 18.7
17.6 [24.8] 17.6
8.0 22.1 (26.81*
7.8 20,5 {23.01°
10.3 126.8] 23.1
13.6 [18.8) 17.2
10,1 (26.8] 23.3

13.6 22.3 19.6

MALES

15.3 164 1.2
2.3 [18.5) 18.1
2.5 15.9 [16.5)
5.1 i1.2 11.2
[22.61 21.6 15.8
17.5 [23.21* 17.3
8.9 17.8 [23.1)°
10.4 15.4 (20.4)*
9.8 23.1 (23.8)
12.9 14.7 [20.0]
7.1 14.3 [26.8]

11.5 18.1 19.3

landscapes constitutes a major center of Alter-
nantherg hassleriana and Agusicles opaca. Within
600 kilometers of the Plains of Mojés are the la-
goons and associated wetlands of the Paraguay
River basin, the third major center of Agasicles
opaca and its host plant. This vast region includes
the Pantanal and much of the Gran Chaco. The
interface of the Madeira River (Amazon) basin and
the Paraguay River basin crosses the Santa Cruz
Department of Bolivia and the Planalto do Mato
Grosso. The first is a region of mostly low but sea-
sonally dry relief, and the second is a region of
narrew valleys. Both seem to lack conditions
needed for lagoon formation. Under present condi-
tions, a trickle of gene flow could exist between the
Candelaria River (Paraguay Basin) and the upper
reaches of the Guaporé River (Amazon Basin).
The ecological homology existing among the
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species of Agasicles, together with their biogeog-
raphy and the dispersal capability demonstrated in
the United States by Agasicles hygrophila, indicate
that gene flow may be important as a cohesive force
in the speciation within this genus (Mayr 1970).
However, Ehrlich and Raven (1969) and Ehrlich et
al. (1975) consider that “gene flow in nature is much
more restricted than is commonty thought and ex-
perimental evidence is badly needed to document
the extent to which it does oecur.” They believe that
natural selection operating upon localized small
populations is the more important evolutionary
mechanism. They consider further that climatic dif-
ference constitutes an important selective feature:
“Cur data support the generalization that differen-
tiation will oceur in the presence of gene flow or will
not oceur in its absence depending on the regime.”

The results we present next in this and in the
following section will show that divergence among
the three geographic forms of Agasicles opaca is
less than has occurred among the four vitiate
Agasicles species. However, the divergences be-
iween the vittate group of species and the fasciate
group of forms are mostly even more extensive. We
interpret these findings to mean that having un-
dergone most of its evolution interacting with
small-stemmed alligatorweed, fasciate polytypic
Agasicles opaca diverged from the vittate forms,
continuing its evolution interacting mostly with the
oversized stems of Alternanthera hassleriana.
While this release f: om interaction with small stems
relates to an accelerated rate of divergence from
the vittate forms, it ziso relates to slowed evolu-
tion of reproductive isolation and therefore specia-
tion among the fasciate forms. Furthermore, the
larger-sized fasciate Agasicles forms may have
greater vagility than the vittate species, which
remain under the constraints of restrictive under-
sized host-plant stems. Greater vagitity should re-
sult in greater gene flow over geographic barriers,
which we judge to be comparable in resistance
against either the vitiate or the fasciate Agasicles
forms. We conclude that the slowed speciation rate
among the fasciate Agasicles forms may be a result
of greater gene flow.

However, there seems to be little in our field
results to support this conclusion. Probably because
of the floating nature and other attributes of its host
plant, Alternanthera hassleriana (fig. T}, the fas-
clate Agasicles forms (and Vogtia malior) are not as
extirpative in their depredations as are the vittate
Agasicles species (and Vogtia malloi) on alligator-
weed, Asaresult Alternanihera hassleriana cccurs
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more generally and evenly over the aquatic portions
of its habitat than does alligatorweed. The reverse
is true, however, for their occurrences over the
terrestrial portions of their habitat ranges (Vogt et
al., cited in footnote 8). T'o match this information
indicating greater homeostasis in the interaction of
host plant and fasciate Agasicles species as com-
pared with the interaction of host plant and vittate
Agasicles species, we have no information on the
dispersal capability of the fasciate Agasicles forms
to compare with what we have on A. Aygrophila in
the United States (Vogt etal., cited in footnote 20).

With these considerations in mind, we proceed
with an analysis of the second-version phenoclines
and the nermal ellipses for the fasciate Agasicles
forms.

The most variable character within Agasicles
opaca is the elytral markings. In figure 41, 10
graded variants of elytral markings represent the
range of variation in 137 specimens of A. opaca from
the 3 regions just deseribed. Since we will consider
quantitatively only one set of character proportions
based on markings, namely U2W to U1W, we pre-
sent in table 7 the frequency distribution for the 10
illustrated variants. [t is evident that the lower
Amazon River form and the Paraguay River form
rather clearly constitute two rather even, distinet
patterns, while the distribution of the Plains
(Lianos) of Mojds form fends to make a rather un-
even overlapping third distribution pattern.

We now consider the three geographic forms of
Agasicles opaca guantitatively with respect to the
same 11 pairs of character pairs studied in the pre-
vious section. Figures €2 through 72 show the
hivariate normal ellipses for the 11 different charac-
ter proportions. As before, each set is composed of a
series for the females {A} and a series for the males
(B}. In each series the heavy line connecting the
mean points for each subspecific form is the pheno-
cline. [t is continuous with the phenocline of the
vittate species, which is shown without normal el-
lipses. A dotted line connects the phenoclines of the
vittate species and the fasciate forms, and, at the
other end, the mean point for Disonycha argen-
finensis. The total phenocline constitutes the sec-
ond version of the Disonycha-Agasicles phenocline,
Again the sequence of the four vittate species and
the three fasciate subspecific forms is the same as
that given for Recent time ir the dendrogram
shown in figure 40. The scales of the second-version
phenoclines are adjusted to be subegual to those of
the first version.

Generally, for most character proportions, the




FIGURE 61.—Ten graded variants of elytral markings, A toJ, selected from the 137 specimens (70 females and 67 males) of Agasicles
opaca stodied quantitatively (deseribed in table A-9), Variant J is intermediate between vanants [ and A. Similarly each of the
other variants is intermediate between the preceding and succeeding variant.

phenoclines of the fasciate forms of Agasicles are
shorter than those for the vittate species and un-
dergo somewhat comparable changes. Usually, the
concordance between the female and male pheno-
clines more or less continues. As compared with the
first-version phenoclines presented in the previous
section, we find less separation between the mean
points of the proximate forms of vittate and fas-
clate Agasicles for most character pairs. This
change is tabulated under “reduction (-) or in-

crease {+) of difference” in table 8. In a few charac-
ter pairs, the reduction is marked. This increased
proximity resuits from organizing the samples of
Agasicles opaca into three geographical forms, of
which individuals of the Paraguay River form are
significantly smaller in size than those of the lower
Amazon River form. While the proximity between
vittate Agasicles vitlata and the Paraguay River
form of fasciate A. opace increases along the
phenocline, there is no increase in the number of
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Table 7.—Frequency distribution, in percentage of representation, of the 10
variants of elyival markings of Agasicles opaca illustrated in figure 61.
Percentages are based on clusterings of the 137 specimens described in
table A-3

Variant Mlustrated in fipure 61

Geographic area
A B ¢ D E F & H 1 J

Lower Amazon River (n=33) ......... 0 1231 455 364 3.0 O 340 4 ] [\
Plains {Llanos) of Mejés (m=300 ....... 87 67 0 100 33 0 133 67 434 100
Paraguay River e=74) .............. 0 0 0 27 130 257 392 95 41 0

Table 8.—Secind-version phenocline distances between mean points of character pairs of Agasicies species as shownin
figures 62-72. Decreasing values of differences indicate increasing proximity between the vittate Agasicles species
and the Paraguay River form of A. opaca. Negative values indicate that the distance between vittate A. vitfafe and the
Paraguay River form of fasciate A. opaca is less than the distance between vittate A. connexa and A, inferrogationis.
The reduction er increase of difference is with reference to the female and male differences given in table 5

[Millimeters)
Females Males
Character Reduction Reduction
pair A vilfata to A. connera to (—=Yor A vittata 1o A. contexa to {—)or
(x toy) Faraguay River A inierroga- ’ increase Paraguay River  A.inferroga- ) increase
form of A. opaca tonis (O™ ivof  formofA. opace Honis  TETEMCR ey
differanca difference
PrwtoPrL (fig. 62} ................. 139 13 +126 -14 136 10 +128 —20
ELitoEW (fig. 83) ................... &b 26 +40 —-23 55 32 +24 -22
BLtoBTh{Rg. 64 .. ..........cuveet 44 31 +13 —-32 48 21 +28 22
HWtoHL (fig. B5% .. .....coovnveonn. 53 16 +37 —11 53 B +45 -10
ICWto TAW (fig. 86)................. 08 a7 +86 +8 95 21 +93 +3
U2Wio UIW (fg. 673 ...cvvenninn... 139 a5 + 103 +13 122 i3 +89 —~3
ALtoMTL{fig. 68) .................. 19 28 —=20 -8 27 az -5 —30
JALto3AL(Gg. 69) ... ... 19 16 —-37 —28 33 38 -6 -33
BAL to AL (fig. 7Y ................. 20 66 -47 -22 23 43 -2 -ad
TALto TAW (g T1) .........ooeL . 69 21 +43 -27 74 18 +56 =31
PyWtoPyL(Ag. T2} ..o, 58 83 -27 -6 36 27 +13 27
Tetal ..., ...... s T23 408 +454 +21 T2 289 +474 +3
—131 —170 -33 -237




character pairs having vittate Agasicles mean
points nearer those of the fasciate forms than those
of other vittate species.

Inpart, because of this increased proximity along
the phenocline, there is greater overlapping of
the ellipses of the fasciate and vittate Agasicles
species. Also, in part, because there is too little
separation along the phenocline, there is no signifi-
cant taxonomic diserimination among the normal el-
lipses of the three forms of fasciate Agasicles opaca.
For most character pairs, the normal ellipses of the
fasciate forms have comparable form and are ori-
ented similarly to those of the vittate species.
Generally, for each character pair, one of the three
separate normal ellipses of A. opaca or more
extends beyond the corresponding normal ellipses
for the 1860-61 combined samples presented in the
previous section (figs. 50-60). Three causes for
these differences are: (1) reduction of sample size
through division into three geographic forms; (2)
increase of variance as a result of additions to sam-
pies from the collections in 1975; and (3) inadeguate
adjustment of the x and y secales to compensate for
calibration errors (see p. 43} applied exclusively in
the previous section to the 1960-61 samples.

Figure 62 represents the relationship of pronotal
width (PrW) to pronotal length (PrL). The ellipses
show the same strong positive intercharacter corre-
lation as do those of the vittate species shown on
figure 50. In both sexes the phenocline changes
slope to show an extended strong tendency for
elongation of the prothorax with little increase in
width. This change is inconsistent with the concept
that release from interaction with a constrictive
stern should result in more broadening than elonga-
tion. Possibly, the effects of the release have run
their course, and another adaptive course has set in.
Although the phenocline is moderately long (longer
than that of the vittates in the males), the ellipses
overlap very broadly, there being no significant
taxonomic discrimination. The ellipses of the indi-
vidual geographic forms extend beyond those based
on the combined 1960-61 samples (fig. 50). In the
females, the extension is broad, while in the males,
it is narrow.

Figure 63 represents the relationship of elytral
length (EL) to elytral, or body, width (EW). Again
the normal ellipses show the same strongly positive
intercharacter correlation as do the vittate flea
beetles (fig. 51). There is no taxonomie diserimi-
nation. The ellipses for the females extend beyond
those based on the 1960-61 combined -samples.
Those for the males coinecide almost perfectly, fall-

ing slightly within. There is no calibration correc-
tion to affect either of these sets of character pairs.
The phenoclines for both sexes show a switch-
back that seems to be comparable to those oceur-
ring between vittate Agasicles interrogationis and
A. vitlata. Again, as size increases, length in-
creases more than width. However, the general
slope of the phenocline changes little in passing
from the vittate species through the fasciate forms.

Figure 64 represents the relationship of body
length (I'BL) to bedy thickness (BTh). Still again,
the ellipses show the same strongly positive inter-
character correlation as do those for the vittate flea
beetles (fig. 52). There is wide overlapping and no
taxonomic discrimination among the three fasciate
forms. The ellipses for the females extend slightly
beyond that based on the 1960-61 combined sam-
ples. Again, there is nearly perfect coincidence of
the ellipses of both sets for the males. As in the
previous character proportion, the slope of the
phenocline shows no persistent change, and again
there is a short switchback that is comparable to
that occurring between vittate Agasicles inter-
rogationis and A. vittata.

This and the two preceding character pairs, the
phenoclines of the fasciates, show the late stages of
the dramatic size inerease that occurred since the
vittate ancestral form near Agasicles hygrophila
first became associated with the floating inflated-
stem Alternanthera hassleriana. 1t is clear from
the phenoclines that the lower Amazon form is a
larger insect than is the Paraguay River form, while
the Plains of Mojés form is only slightly larger.

Figure 65 represents the relationship of head
width (HW) to head length (HL). These ellipses are
closely clustered and are broad to almost circular in
form. Inthese respects, they are similar to those for
the vittate flea beetles (fig. 53). The latter ellipses
are more variously oriented, however. The ellipses
for both sexes of the three forms of Agasicles opaca
extend widely beyond those based on the 1960-61
combined samples (fig. 53). The scales of the
second-version phenoclines are about subequal to
those of the first version. The fasciate Agasicles
species show some of the general directional change
that characterizes the vittates.

Figure 66 represents the relationship of interocu-
lar width (IOW) to interantennal width (IAW). The
normal ellipses tend to show the same positive in-
tercharacter orientation as those for the vittate flea
beetles (fig. 54). Although the phenocline is moder-
ately long for the fasciate forms, the ellipses are too

(Continued on page 87.)
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Paraguay River form
Plains of Mojos form
Lower Amozon form
="~ Phenacline and mean
of normal ellipse

Stem of phenocline

m)

Pronotal Length (m

1 L

1.8 2.
Prenotel Width (mm)

FrouRE 62.—Means and bivariate normal ellipses {second version) for relations in flea beelles betwaen pronetal width and length. A,
Females. B, Males. The solid line connecting the mean points for each subspecilic form is the phencetine of the fasciate forms. 1t is
continuous with the phenocline of the vittate species, which is shewn without normal ellipses. A dashed line connects these two
phenoclines and, at one end, the mean point of Dfsony cha argentinensis to form the secand-version phenacline.
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FIGURE 63.—Means and bivariate normal ellipses (second version) for relations in flea beetles between elytral length and width. A,

Females. B, Males. The sclid line connecting the mean points for each subspecifie form is the phenocline of the fasciate forms. Itis
continuous with the phenocline of the vittate species, which is shown without normal ellipses. A dashed line connects these two
phenodlines and, at one end, the mean point of Disonycha argentinensis to form the second-version phenacline.
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F1GURE 64, —Means and bivariate normal ellipses (second version) for relations in flea beetles between total body length and thickness.
A, Females. B, Males. The solid line connecting the mean paints for each subspecific form iz the phenoeline of the fasciate forms. [t
is continuous with the phenocline of the vittate species, which is shawn without nermal ellipses. A dashed line connects these two
phenoclines and, at one end, the mezn peint of Disonycha argentinensis to form the second-version phenocline.
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FiGURE 65,—Means and bivariate normal ellipses (second version) for relations in flea beetles between head width and length. A,
Females. B, Males. The solid line connecting the mean points for each subspecifie form is the phenocline of the fasciate forms. [tis
continuous with the phenocline of the vittate species, which is shown without normal eliipses. A dashed line connects these two
phencclines and, at one end, the mean point of Disonycha ergentinensis to form the second-version phenocline,
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large and too closely clustered to allow taxonomie
diserimination. Although the second-version
phenoclines are snbequal to slightly smaller than
those of the first, the ellipses for both sexes extend
widely beyond those based on the 1960-61 combined
samples (fig. 54).

Figure 67 represents the relationship of max-
imum width of the base of the black U-shaped elytral
marking (U2W, fig. 46) to minimum width of the
base of the ivory-colored U-shaped elylral marking
(UIW, fig. 46). As with the vittate species of
Agasicles (fig. 55), the ellipses for the fasciate forms
ofA. opaca show various orientations that are nega-
tive for females of the Plains (Llanos) of Mojés form
and for males of the Paraguay River and lower
Amazon River forms. But the size and breadth of
the ellipses and the moderate phenoclinal distances
prevent taxonomic discrimination among the fas-
ciate Agasicles for this character pair. The ellipses
for both sexes correspond well in general form to
the pair based on the 1960-61 combined samples.
But for both sexes, the ellipses of the subdivided
samples extend moderately beyond those based on
the combined samples. The scale for the second-
version phenoclines is inadequately adjusted, being
somewhat oversized.

We note that the rather long phenocline of the
fasciate Agasicles shows the same kind of discon-
tinuity, represented by a switchback, that occurs
between A. connexa and A. vittata of the vittate
species. This feature is very apparent in the females
between the Paraguay River and lower Amazon
River forms of the fasciate Agasicles. This type of
occurrence on the same phenocline between geo-
graphically eontiguous forms raises some qguestion
about the validity of relating such a discontinuity to
a major biogeographical isolation, as we have indi-
cated in the case of A. interrogationis and A. vitiata
(p. 74). in the same relative positions, this type of
discontinuity recurs in both fasciates and vittates in
two previous sets of phenoclines (EL to EW and
TBL to BTh).

Figure 68 represents the relationship of antennal
length (AL) to metathoracic tibial length (MTL).
The ellipses show the same strong positive inter-
character correlation as do the vittate flea beetles
{fig. 56). The ellipses are almost superimposed in
the females, for which the phenocline is very short.
They overlap broadly in the males, for which the
phenocline is quite long. The ellipses for both sexes
extend very little beyond the pair based on the
196061 combined samples {fig. 56).

The contrast between female and male phenocline

lengths just described is a manifestation of less ob-
vious sexual dimorphism and recurs in the length
of antennal character pairs presented in figures 69
(4AL to 3AL) and 70 (6AL to 5AL). As indicated
by negative differences in table &, both female and
male phenoclines show greater proximity between
the fasciate and vittate Agasicles species. In the
phenoclines based on the combined forms of fasciate
A. opaca, the greater proximity is limited to the
females (table 5).

Figure 69 represents the relationship of the
lengths of the fourth antennal segment (4AL) and
the third antennal segment (3AL). The normal el-
lipses tend to be consistent in form and alinement
with those representing the vittate species (fig. 57).
There is near superposition for the females and
broad overlapping for the males. Having some out-
of-line orientation and a broader phenoclinal sep-
aration, the male ellipses show some tendency for
taxonomic diserimination. Both female and male el-
lipses extend broadly beyond the pair based on the
1960-61 combined samples (fig. 57). The phenocline
is irregularly longer in the females and subequal in
the males as compared with those of figure 57 in the
previous section.

Figure 70 represents the relationship of the
lengths of the sixth antennal segment (6A L) and the
fifth antennal segment (5AL). The ellipses show
about the same strong intercharacter correlation as
do the vittate flea beetles shown in figure 58. Al-
though the phenoclines of the fasciate species are
moderately long, especially in the males, the el-
lipses overlap very broadly and show no taxonomic
discrimination except that longer antennal seg-
ments characterize the Amazon River form in less
than half of the individuals in the females and more
than half in the males. The ellipses for both sexes
of the three forms of Agasicles opaca extend only
slightly beyond those based on the 1960-61 com-
bined samples (fig. 58). The phenoclines are slightly
longer in both sexes as compared with those of
figure 58 of the previcus section.

Figure 71 represents the relationship of length of
the seventh antennal segment (TAL) and its width
(TAW). For females, the normal ellipses are alined
quite closely. This is in eontrast with the various
elliptic orientations of the female vittate species
(fig. 59A). For the males the three ellipses are vari-
ously oriented, in contrast with the more consis-
tently alined male vittate species (fig. 59B). The
phenoclines are rather long, and the ellipses are
broadly overlapped to nearly superimposed. Al-

(Continued on page 100.)
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Fiarng 86.—Means and bivariate normal eilipses {seconel version} for relations in flea bestles batween interocular width and
interantennal width. A, Females. B, Males. The solid line connecting the mean peints for each subspe cific form is the phenocline of
the lascizte forms. B is continuous with the phenoeline of the vitlate species, which is shown withont normal ellipses. & dashed line
connects these two phenoelines aml, at une end, the mean points of Disonycha argendined sis to lorm the second-version phenocline.
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FiguRE 67.—Means and bivariate normal eflipses (second version) for relations in flea beetles between maximum width of the base of the black U-shaped
elytral marking and the minimum width of the base of the ivory U-shaped elytral marking. A, Females. B, Males. The solid line connecting the mean
points for each subspecifie form iz the phenocline of the fasciate forms. [Lis continuous with the phenoeline of the vittate species which is shown without
normal ellipses. A dashed line connects these two phengelines and al one end the mean point of Disonycha argentinensis Lo form the second version
phenocline.
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FIoURE 68.—Means and bivariate normal ellipses (second version) for relations in flea beetles between antennal length and
metathoracic tibial length. A, Females. B, Males. The solid line connecting the mean points for each subspecific form is the
phenocdline of the fasciate form3, It is continuous with the phenocline of the vittate species, which is shown without normal ellipses.
A dashed line connects these two phenocelines and, at one end, the mean point of Disonycha argentinensis to form the second-
version phenocline.
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FIGURE 69.—Means and bivariate normal ellipses (second version) for relations in flea beeties between lengths of fourth and third
antennal segments. A, Females. B, Males. The solid line connecting the mean points for each subspecific form is the phenocline of
the fasciate forms. It is continuous with the phenocline of the vittate species, which is shown without normal ellipses, A dashed line
connects these two phenoclines and, at one end, the mean pointof Disenyche argentinensis Lo form the second-version phenocline.
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Paraguay River form Phenocline and mean
Plains of Mojos form of normal ellipse

Lower Amazon form Stem of phenocline

Pygidial Length {mm)

?2B
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FicuRre 72 —Means and bivariate norinal ellipses (second version) for relations in flea beetles between pygidial width and length. A,
Females. B, Males. The solid line cormecting the mean points for each subspecific form is the phenoeline of the faseiate forms. Itis
eontinupus with the phenocline of the vittate species, which is shown without norma! ellipscs. A dashed line connects these two
phenoclines and, at one end, the mean point of Disonycha ergentinensis to form the second-version phenoeline.




though the phenoclines are somewhat longer, espe-
cially for the females, all three ellipses for both
sexes fall narrowly within the pair based on the
1960-61 combined samples (fig. 59).

Figure 72 represents the relationship of pygidial
width (PyW)and pygidial length (PyL). As with the
vittate species represented in figure 60A, the nor-
mal ellipses for females of the three fasciate forms
show various angles of orientation and the Plains
(Llanos) of Mojds form has a negative coefficient of
correlation. Also, as with the vittate species, the
phenocline shows sharply changing trends. On the
other hand, the males show the marked sexual di-
morphism that occurs in the vittate species. It is
manifest in a continuation of the rather straight
phenocline, which shows little vertical displace-
ment, that is, change in pygidial length. The
phenoclines for both sexes are mederately long, but
the breadth and large size of the ellipses preclude
appreciable taxonomic discrimination. Although
the phenoclines have been scaled down to the point
of being somewhat smaller than those of the previ-
ous section, all three normal ellipses extend appre-
ciably (more so in the males) beyond those based on
the combined samples of Agasicles opaca (fig. 60).
We attribute the larger size of these ellipses to the
effects of both the subdivision of the samples into
three geographic forms and the increased variance
resulting from the 1975 sample supplements.

Table 9 gives the total phenocline distances, as
shown in figures 62-72, for the four vittate species
of Agasicies and for the three fasciate forms of A.
opaca. The sum of the distances taken up by the
vittates for all character pairs comprises 70 percent
of the overall Agasicles phenoclinal distances for
females and 59 percent for males. However, the
mean intermean point distances are relatively less,
with only 60 percent of the sums for females and 49
percent for males. These results indicate that the
Intermean point distances of the vittate forms are
greater, on the average, for females and subequal,
on the average, for the males as compared with
the fasciates. For each character pair, we also
present in table 9 the percentage of the total
Agasicles phenocline taken up by the vittate spe-
cies. These percentages range from 54 to 86 for
the females and 49 to 70 for the males. These results
show that the phenoclines for the vittates are longer
than those of the fasciates for all character pairs
except for PrW to PrL and BL to BTh being a
trifle shorter in the males. However, percentages
based on the means of the intermean point distances
show that the vittates extend less than 50 percent of
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the distance along the Agasicles phenoeline for two
character pairs in the females and seven in the
males. For the females, the percentages range
from 43 to 79 and for the males from 38 to 71. Later
(p. 14), we will find that the order of the mean
points of the third-version phenoclines results in the
vittates exceeding the fasciates for all character
pairs but three. These are judgmental comparisons,
not statistical statements, because of the small
sample size,

Table 10 gives the successive phenoclinal dis-
tances between mean points of the character pairs
(intermean point distances) for the vittate and fas-
ciate Agasicles and Disonycha argentinensis as
shown in figures 62-72. The totals of the intermean
point distances between the most derived vittate,
A. vittata, and the least derived fasciate Paraguay
River form of A. opaca are 723 (31 percent) for the
females and 702 (31 percent) for the males. These
exceed by far all other totals given in table 10 and
represent the widest evolutionary divergence along
the phenocline. However, the distances are not
maximal for 4 of the 11 character pairs, namely, AL
to MTL, 4AL to 3AL, 6AL to AL, and PyW to
PyL. Each of these is surpassed by one to four of the
other five Agasicles intermean point distances.
Among the vittate Agasicles species the phenoclinal
distances between A. inferrogationis and A. vit-
tata are the shortest, both for females and males
and for all 11 character pairs except PyW to PyL
(males only) and U2W to U1W. Since biogeographic
evidence indicates clearly that these two species are
at opposite ends of a long series of geographic forms
{fig. 34), we must consider their apparent similarity
to have resulted from evolutionary convergence.
Among the fasciate forms, the phenoclinal distance
between the Paraguay River form and the Plains
of Mojds form of Agasicles opaca is even less than
that between A. interrogationis and A. vittale. But
in this case, geographie contiguousness enables us
to interpret phenoclinal proximity as indicating
true affinity. However, the closely related lower
Amazon River form is widely separated pheno-
clinally, indicating wide divergence but with geo-
graphic proximity and general similarity indicating
close affinity.

In table 10, the female-to-female-plus-male per-
centages, based on the totals both by intermean
point distance and by character pair, do not show
sexual dimorphism clearly. However, the two sets
of values for the obviously sexually dimorphic PyW
to PyL doshow the largest percentage of difference
between females and males, though only by a small



Table 9.—Total second-version phenocline distances for vittate species of Agasicles and for geographic
forms of fasciate A. opaca as shown in figures 62-72

¥asciate A. opaca Percent vittate

Vittate A. hygrophila

Chara}cter to A. vittata (mm)

pair

= toy) Total

Intermean point
{mean n=3)

distance, A. hygrophila
to A. vpaca (lower
Amazon River form)

(Paraguay River form
to Amazon River form} {mm)

Intermean point

Total {mean n =2) Total

Intermean point

FEMALES

Prw to PrL (fig. 62)
EL to EW {fig. 63}
BL to BTh (fig. 64
HW to HL (fig. 65}
IOW to [AW {fig. 66)
U2W to UIW (fig. 67}
AL to MTL (fig. 68)
4AL to 3AL (fig. 69)
GAL to BAL (fig. TN
TAL to TAW (fig. T1)
PyW to PyL (fig. 72)

Percent

MALES

PrW o PrL (fig. 62)
EL tc EW (fig. 63}
BL to BTh (fig. 64)
HW to HL {fig. 65}
IOW to IAW (fig. 66)
UZW to UIW (fig. 6T)
AL to MTL (fig. 68)
4AL to 3AL (fig. 69)
GAL to 5AL (fig. 70)
TAL to TAW (fig. 71}
PyW to PyL (fig. 72)

Percent

margin. Generally, the totals on which these per-
centages are based obscure the sexually dimorphic
changes that are usually localized in individual in-
tervals of the phenoclines. A more definitive mea-
sure of sexual dimorphism may therefore be the
female percentage of the combined female and male
distances between each of the phenoclinal mean
points given in table 10. These percentages indicate
the differences in rates of change between females
and males for a particular interval of the phenocline
pair. We give these percentages separately in table
11 for females only and arbitrarily consider values
above 65 percent and below 35 percent as being
indicative of evolutionary trends that are sexually
dimorphic. In table 11 the indicative percentages
are starred. They show a rather scattered distribu-

tion. Seven of the eleven character pairs include
from one to three percentages considered as indicat-
ing sexual dimorphism. Previously, we considered
phenoclines of four of these character proportions as
exhibiting sexual dimorphism (page 74). From the
standpoint of phenoclinal intermean point dis-
tances, two intervals (Agasicles riftata to Paraguay
River form of A. opaca and Paraguay River form to
Plains of Mojos form of A. opaca) have no percent-
ages considered as being indicative. A single inter-
val, Agasicles connera to A. interrogationis, has
two; another, A. hygrophila toc A. connera includes
three; and the Plains of Mojds to lower Amazon
interval includes four. The largest number of per-
centages considered to be indicative (six) occur
within the Agasicles interrogationis to A. vilfuia
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ant

Table 1¢.—Successive second-version phenociine distances between mean points of character pairs for vittate and

Charactar

fasciate Agasicles species and Disenycha argentinensis as shown in figures 62-72

| Millimeters]

0. argen- Al hpgro- A cannexe .
A, Interrogae-

! finensis  phila to ted. R

pair tod ha-  A.con-  inferroga-  OREDA.

(rtoy) grophife  nexa iy ritaety

PrwtoPel gy 62y ... ... 112 a1 13 8
ELtoEW(fg 63 .......... 15 1 26 4
BLwe RThfiy 34 ......... 4 19 31 8
HWito HL g 653 .......... 32 17 16 14
FOW to 1AW (fig. 66) ........ GO 23 27 13
U2W to NIW (g GTY ... ... T 847 45 44
AL to MTL (fig. 68) ......... 1 22 35 6
JAL to3AL {fig. 63} ......... 4G 26 46 9
BAL todAL{fg. 70y ......... 21 23 13 16
TAL W TAW(fig T1} ........ 24 21 21 L0
PyWin PyLihg 72 ......... 11 24 84 22
5T ) - 1 ) | 136 B 1131 1M
Pereent .............. I3 14 17 i
Pervent 949 4 ... R o3 H 46
Priv o PriL (R, 62) ......... a2 12 10 g
ELteEWihe 83 .......... 16 16 g2 3
BL to BTh (fig. 643 .......... s 8 9] 2
HW to HL{fig. 633 .._....... 19 14 8 2
[IOW Lo 1AW {fig, 686} ........ 37 15 21 14
USWio UIW (e 670 ... ... 13 a1 33 35
ALtoMTLUfim63) ......... 12 25 32 11
AL to3AL (A 6D .. ... ... 36 13 38 18
BALtoBAL N 70y .. ....... 10 39 Bil 4
TALWTAW (fig. 7 ........ 15 29 18 21
PeWio Prlifig. 720 ... ., 14 & 27 44
Total ....... .oo..... 271 289 289 178
Pervenl .............. 12 13 13 8
18 42 a4

AL viadu

Lo Paragudy
River form
of 4. opeca

FRMAEER

119
7]
44
53
948

130

19

19

20

it

53

T2
31

a1
ALAL e

136G
5]
48
)
03
122
27
43
23
T4
36

Tz
31
ot

Plains of
blajis form to
lower Amazon

River form
of A, opxeea

Paraguay River
form ta Plains
of Mojds Furn

of AL npava

5 33
T 43
3 17
0 19
12 48
9 3
9 21
27 §
13 23
24 20
183 257
G 1
] 40
3 38
5 40
5 27
i [
0 2
) 4
5 44
16 52
24 34
12 af
17 17
145 38
B 17
al Gl

A kygrophita to
tower Amazon River
formof A, opnes

—_ Percent

Total 9% +d
244 49
152 0
152 58
120 85
184G ii]
365 &3

98 40
130 43
158 45
162 48
235 62
266 51
131 a0
111 42
130 45
188 s
R 47
147 G0
171 57
178 52
204 HE
147 38




interval. But these values are probably invalid be-
cause, as noted above and on pages 74 and 87, a
more remote relationship between these two
species may not allow them te be placed consecu-
tively on an unbranched phenocline as represented
by the first and second versions presented thus far.

Proposed trifurcate
representation for the
phenoclines

Plains of Mojos
form Lo lower
Amazon River form

Except along the eastern littoral and adjacent
escarpments, Miller (1973) and Haffer (1974) report
no forested refugia in northeastern Brazil during
the arid climatic perijads of the Pleistocene (figs. 86
and 87). We also find a void in the distribution of
both alligatorweed and Agasicles across northeast-
ern Brazil to Belém. For the vittate Agasicles
species the hiatus continues to Georgetown and up
the Amazon River beyond Manaus. This wide sep-
aration between Agasicles interrogationis and A.
vittata is consistent with an out-of-line (switchback)
position for A. rittata on several phenoclines, most
notably for two plottings: elytral length (EL)
against elytral width (EW) and the maximum width
of the base of the black U-shaped elytral marking
(U2W, fig. 46) against the minimum width of the
base of the ivory U-shaped elytral markings (ULW,
fig. 46). The rather wide divergence between the
fasciate forms of Agasicles and the vittate forms is
evident in the contrast in configuration and color of
their markings and by the wide separation between
their points along the phenoclines generally. The
Paraguay River form of fasciate Agasicles opaca
overlaps the range of vittate A. hygrophila and is
allopatric with the two Amazonian forms. These
facts indicate that the Recent species of Agasicles
do not constitute an unbranched phenocline or a
closed circle of closely related forms but rather a
trifurcate series, shown diagrammatically in fig. 73.

Based on this representation, we present in fig-
ures 74-84 corresponding trifurcate phenoclines
for each of the 11 sets of character pairs consid-
ered in the previous two sections. These third-
version phenoclines are at the same scale as those of
the second version presented in figures 62-72. Each
set is composed of a representation for the females
(A) and for the males (B}. For each phenocline the
mean point of Agasicles hygrophila is the center
from which radiate the stem leading from
Disonycha argentinensis (Da} and the three arms,
each terminating in a mean point of an Agasicles
species as follows: vittate A. vittato (Av), vittate A.

Paraguay River
form Lo Plaing
af Mojds form

of A, aprrea

guay
wor form

Al eittatu
of A. apuea

La

Hinnis to A.
rittta

A, interroga-

AL conitext
{nterrogo-
fronis

A iygro-

phila Ly
A, con-

finensis

1. argen-
to A, fiy-

grophite

)
1) I

3
6

Characier
U2W 0 U'IW (fig 671 venvnnnnn.

given in table 10 for seven forms of Agasicles, Percentages above 65 and those 35 or below are considered indicative

ofa sexually dimorphic trend and are starred
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A. opaca

Amazon River form

A vittata A. opacao A interroga-
Plains of Mojos form tionis
A sp. |
and A, opaca A. connexa
A sp. It Paraguay River form

Disonycha

argentinensis

FIGURE 73.—Trifurcate representation of relationship of existing Agasicfes species. This scheme is consistent with the progression rule
and the rule of deviation as proposed by Hennig (1966). The representation is superi mposable upon existing geographical ranges.
Although we proposed species I and I1, we no longer cohsider them as unknown existing intermediate forms between Agaaicles

vittata and 4. hygrophila.

interrogationis (Ai), and fasciate lower Amazon
River form of A. opace (Aoa).

Figures 74-84 clearly show that, for all 11 charac-
ter pairs, the phenoclinal arm terminating in the
lower Amazon form of Agasicles opaca (Aoa) is
significantly longer than the other two, denoting
much greater increase in size. The phenoclinal arm
terminating in vittate A. vittata (Av) is somewhat
shorter tosubequal to that terminating in vittate A.
tnterrogationis {Al) except for character pairs PyW
to PyL (males only), AL to MTL, and 4AL to 3AL.
The phenoclinal stem leading from Disonycha
argentinensis is shorter than the arms for the vit-
tate Agasicles except for three character pairs (in
order of decreasing magnitude): PrW to PrL, IOW
to JAW, and HW to HL. In table 12, we tabulate
the lengths of the stem and the three arms for
each character pair. Generally, the values for
the Disonycha argentinensis stem are irregular
to disecordant in comparison with the usual trend
of increasing lengths proceeding from the Aga-
sicles viftata arm to the A. interrogationis arm
to lower Amazon form of the A. opaca arm. The
totals for both females and males show more dra-
matically this trend of increasing values among
Agasicles and also the Disonycha argentinensis
stem as the shortest of the two sets of four totals.

In figures 74-84, another feature of the trifurcate
representation having the mean point of Agasicles
hygrophila as its center are the sizes of the angle of
the stem and of the angles of radiation of the three
arms with respect to the stem. The angles are
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formed by the slopes of the stem and each of the
arms and express degrees of divergence of one
member with respect to the stem. The spread of
angles is greatest for the character pair IOW to
IAW. It is least for the arms for 6AL to 5AL and
BL to BTh. In seven of the charts this spread tends
to be small for the three arms, indicating concor-
dance in evolutionary change. Striking changes in
direction along the arms occur and may signify cor-
responding changes in evolutionary course, proba-
bly in response to change in selection pressure.

Table 13 gives the phenoclinal distances for Re-
cent vittate and fasciate Agasicies species as shown
in figures 74-84. The distances for the fasciates
remain unchanged from the previous representa-
tions of the second-version phenoclines. However,
in the third version, representation of Agasicles
vittata as a separate arm increases the phenoclinal
distances for the vittate Agasicles for all character
pairs except two. These are HW to HL and IOW to
IAW, and there is a decrease in these because of
the separate arms being slightly shorter than the
intervals of the second-version phenocline that
they replace.

In the trifurcate representation (table 13), the
distances taken up by the vittates are longer for all
character pairs than those of the fasciates, ran ging
from. 59 to 92 percent (average 75 percent) of the
total Agasicles phenoclinal distance for the females
and 52 to 83 percent (average 69 percent) for the
males. The mean intermean point distances are not

(Continued on puge 117.)



Table 12.—Lengths of stem and 3 arms of the proposed trifurcate phenocline as expressed by each of the 11 character
pairs. The mean point for Agasicles hygrophila is central for each phenocline shown in figures 74-84 (third-version
phenoclines)

[ Mitlimeters|

Distance from mean point of A. Aygrophifa to mean point of—

. b
Character Female Fomale Female Male Male fale
Male lower Amazon

: Female . lower Amazon |
T {1, nrgen- A - . - ) A, Tuler- X
g e A nter D. argen Al rvittafa ! River form

| . . A eHm . River form N . C .
[t frearsees O L IS LSS rrgation iz
: uf AL eyrren {arm) of A, opeca
3tend tarm}

o (arm) .
(stean) (arm] (arm) {arm)

PrW to PrL thg. 73 2 45 1 216 92 40 53 236
EL to EW (fig. ; a0 5 139 17 47 48 145
BE o BTh tfipg. K 44 K 135 i 3 30 1314
HW e HL (g, 79 3 (B hi) % 3 85
W o TAW (fig. T8 i 1] 121 47 5 % 131
LW g UIW (e T8y L.l 85 EXH] 13 ol 144
AL o MTL (fig. 509 ; : Gt M 15 59 55 143
SAL W AL {hig. 81 i il 113 35 70 al 171
GAL 10 3AL (g, 89 : I o 127 11 5] 38 174
TAL to TAW (B &4 : a5 : 132 15 45 1711
PyW e Peloafig. &0 L 76 152 H F| ER1 152

1.59% 72 575 535 1,662
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Pronotal Length
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Pronotal Length

74 B

Da
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Ficure 74.—Trifurcate (third-version} phenocline for the mean points of pronotal width to pronotal length of flea beetles. A, Females.
B, Males, This phenocline is at the same scale as that of the second version presented in figure 62. The mean point of Agasicles
hygrophila is the center to which the stem leads from Disonycha argentinensis (Da}and from which radiate the three arms, each
terminating in a mean point of an Agasicley species as follows: vittate A, viltata (Av), vittate A, inlerrogationis (Ai), and fasciate
lower Amazon River form of A. opaca (Aoa).

106




Body Wicth

Elytral Length

=
-
2
2
>
T
o
e

Etytral Length

FigUrE 75, —Trifurcate (third-version) phenocline for the mean points of elytral length to el ytral widih of flea beetles. A, Females. B,
Maies. This phenocline is at the same scale as that of the second version presented in figure 63. The mean point of Agasicles
hygrophila is the center to which the stem leads from Disonyche argentinensis (Dayand from which radiate the three arms, each

terminating in a mean point of an Agawsicles species as follows: vittate A. rittata (Av), vittate A, interrogetionis (Ai), and fasciate
lower Amazon River form of A. opaca (Aoa).
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FisUrE 76.—Trifurcate (third-version)} phenocline for the mean points of total body length to body thickness of flea beetles. A, Fernales.
B. Males. This phenocline is at the same scale as that of the second version presented in figure 64. The mean point of Agasicles
hygrophiia is the center to which the stem leads from Disonycha argentinensiz (Da) and from which radiate the three arms, each
terminating in a mean point of an Agasicles species as follows: vittate A. riffata (Av), vittate A. inferrogationis (A1), and fasciate

Head Length

lower Amazon River form of 4. opace (Aca).
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FicUre T7.—Trifurcate (third-version) phenoeline for the mean points of head width to head length of Dea beetles. A, Females. B,
Males. This phenocline is at the same seale as that of the second version presented in figure 65. The mean point of Agesicles
lrygrophila is the center to which the stem teads from Disonycha argentinensis {Da) and from which radiate the three arms, each
terminating ina mean point of an Agasicles species as follows; vittate A, vittata (Av), vittate A. inferrogutionis (Ai), and fasciate
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lower Amazon River form of A. opece (Ava).
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Fleury; 78.—Trifurcate (third-version) phenacline for the mean points of interocular width to interantenna: width aof flea hegtles, A,
Femaies, B, Males. This phenocline is at the same scale as that of the second version presented in figure . The mean point of
Agastcies hygrophil is the center to which the stem teads from Disenyrhe ergenfinensis (Da) and from which radiate the three
arms, each terminating in a mean point of an Agasicles species as follows: vittate A, rittrla (Av), vittate A interrogtignig (A,
and fasciate lower Amazon River form of A. apace (Aoal
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marking to the minimumwidth of the base of the ivory-colored Ushaped elytral marking of flea beetles. A, Females. B, Males. This
phenocline is at the same scale as that of the second version presented in figure 67. The mean point of Agasicles ygrophila is the
center to which the stem leads from Disonycha argentinensis {Da)and from which radiate the three arms, each terminating ina
mean point of an Agasicles spedes as follows; vittate A. vittata (Av), vittate A. inferrogationis (Al), and fasciate lower Amazen
River form of A, opuce (Aca).
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Figure 80.—Trifurcate (third-version} phenocline for the mean points of antennal length to metathoracic tibial length of fiea beetles. 4,
Ferales. B, Males. This phenacline is at the same scale as that of the second version presented in figure 68. The mean point of
Agasicles hygrophile is the center to which the stem leads from Disonycha argentinensis (Da)and from which radiate the three

arms, each terminating in a mean point of an Agasicles species as follows; vittate A, vittate (Av), vittate A. interrogationis (Al),
and fasciate lower Amazon River form of 4. opaca (Aca).
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FictUre 81.—Trifureate (third-version} phenoeline for the mean points of lengths of fourth to third antennal segments of flea beetles. A,
Females, B, Males. This phenocline is at the same scale as that of the second version presented in figure 69. The mean point of
Agasicles hygrophile is the center to which the stem leads from Disonycha argentinensis (Da) and from which radiate the three
arms, each terminating in a mean point of an Agasi¢les species as follows; vittate A. rittale (Av), vittate A. inferrogationis (Ai),
and fasciate lower Amazon River form of A. opace (Aoa).
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FiGUkE 82.—Trifurcate (third-version} phenocline for the mean points of leng ths of sixth to fifth antennal segments of flea beeties. A,
Females. B, Males. This phenocline is at the same seale as that of the second versicn presented in figure 70. The mean point of
Agasicies hygrophila is the center to which the stem leads from Disonycha argentinensis {Da) and from which radiate the three
arms, each terminating in a mean point of an Agasicles species as follows: vittate 4. rittata (Av), vittate A, Inferrogationis (A},

and fasciate lower Amazon River form of A, epaca (Ana).
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Figuse 83.—Trifurcate (third-version) phenocline for the mean points of length to width of seventh antennal segment of flea beetles. A,
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Females, B, Males. This phenocline is at the same scale as that of the secend version presented in figure 71. The mean point of
Agasicles hygrophila is the center to which the stem leads from Disonycha argentinensis (Da) and from which radiate the three
arms, each terminating in 2 mean point of an Agasicles species as follows: vitiate A. vitiata (Av), vittate A. interrogationis (A},
and fasciate lower Amazon River form of A. opaca {Aoa). '
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FicURE 84.—Trifurcate (third-version) phenocline for the mean points of pygidial width to pygidial length of flea beetles. A,
Females. B, Males, This phenocline is at the same scale as those of the second versien presented in figure 72. The mean point of
Agasicles hygrophila is the center to which the stem leads from Disonycha argentinensis (Da) and from which radiate the three
arms, each terminating in a mean puint of an Agasicies species as follows: vittate A. ritlafu (Av), vittate A. interrogatinnis (A},
and fasclate lower Amazon River form of A. apaca {Aoa).




Table 13.—Total third-version phenocline distances for vittate species of Agasicles and for geo-
graphic forms of fasciate A. opaca as shown in figures 7484, illustrating the trifurcate phenocline
representztion

[Millimeters)

Fasciate
A. opaca (Paraguay
Character River form to
pair fower Amazon River form)
(ztoy) Total Mean T ' Total Percent distance

distance {n=3) dizzatilce (hj:a;) tistance of vittute Agasicles

Vittate
A. vittata to
_A, interrogationis

A. rittata to A. inferrogationis
+ A, opaca (Paraguay River form
~ felower Amazon River form)

FEMALER

Prw to PrL ifig. 74) 33 17
EL to EW {fig. 75} a8 19
BL to BTh(fig. 50 25
HWio HL (fig. 7 20 10
[OW to [AW (fig. 78} 29 15
T2Wwo U1W (g 79 ... 60 30
AL to MTL (fig. 80 11 &
4ATL to3AL (fig. 81} 30 15
BAL to5AL (fig. B2) 16
TAL to TAW ({ig. 83) 41 21
PyW to PyL (fig. 8) 14 29

390 195
Percent ; 25 32

MALES

PrW (o PrL(fig. 74) 31
EL 10 EW (fig. 73} ¢ 3 23
BL to BTh{fig. 76 3 16
HW to HL (fig. 77 : 12
IOW to TAW (fig. T8) 19
U2W Lo ULW (6. 79) ... 22
AL to MTL (fig. 80) : 25
1AL to 3AL (fig. 81) 3 3
6AL to AL (fig, 82) 29
TAL to TAW {fig. &3) ; 31
PyW Lo PyL (fig. &) 17

258
Percent 3 3 40




50 much longer in the case of the vittates, with
values of 68 percent for females and 60 percent for
males. However, these results show clearly that
the mean intermean point distances of the vittate
species average greater for both females and males.
For each character pair, we also present in table 13
the percentage of the total Agasicles phenocline
taken up by the vittate species. The percentages
range from 63 to 92 for the females and from 52 to 83
for the males. These results show that the total
phenoclines of the vittates are longer than those of
the fasciates for all character pairs. However, per-
centages based on the means of the intermean point
distances show that the vittates extend less than 50
percent of the distance along the Agasicles pheno-
cline for a single character pair, BL to BTh (49 per-
cent), inthe females and two character pairs, HW to
HL (45 percent) and I0W to IAW (42 percent), in
the males. These results show that both the total
phenoclinal distances and the intermean point dis-
tances of the vittate species are greater than those
of the fasciate forms for almost all character pairs
for hoth females and males. In the third-version
phenoclines as compared with those of the second
version (p. 100), the lead of the vittates increases
over the fasciates in the distance each takes up
along the Agasicles phenocline. We consider this
increase in the distances of the vittates as indicating
a truer representation of the evolutionary history
of Agasicles.

These third-version phenoclines more than the
second versions complement the normal bivariate

ellipses in showing that there has been less di-
vergence among the fasciate forms than among the
vittate Agasicles forms. This evidence substan-
tiates our view that the three fasciate Aguasicles
forms are subspecific forms of a polytypic species
rather than semispecies of a superspecies as in the
vittate Agasicles species. With these taxonomic
concepts, we may make the following interpreta-
tions: Having undergone most of its evolution in-
teracting with small-stemmed alligatorweed (and
its ancestral forms), fasciate polytypic Agasicles
opaca diverged from the vittate forms, continuing
its evolution interacting mostly with oversized
stems of Alternanthera hassieriana. While this re-
lease from the interaction with small stems relates
toan accelerated rate of divergence from the vittate
forms, it also relates to slowed evolution of repro-
ductive isolation and therefore speciation among
the fasciate forms. Conversely, if the speciation
rate is greater with more intensive host-plant-stem
and flea-beetle interaction, we may conclude that
progress of the taxon cycle depends primarily upon
coevolutionary processes in Agasicles. In such in-
stances, counterevolutionary and coevolutionary
processes couid be, at least in part, one and the
same. However, the evidence of our study indicates
that the host plant, Alternanthere hassleviana,
was advanced in its evolution when Agasicles
appeared and may have changed very littie strue-
turaily as the Agasicles species diverged and
speciated geographically without resort to
respurce partitioning,




SUMMARY AND CONCLUSIONS

The interaction between host-plant stem and
Agasicles pupation is unique among the Chrys-
omelidae. The specialized compartmentalized hol-
low stem of the amphibious amaranths may also
be unique among both aquatic and terrestrial
plants. In Agasicles, many marked structural mod-
ifications have resulted from the interaction which
are remindful of ecological-morphological relation-
ships existing in the stem-boring Buprestidae and
Cerambycidae (Hespenheide 1969). However, the
paired T-shaped “cremaster” of the pupa is unique,
and the remarkable sexually dimorphic external
genitalia seem to have arisen de novo and been
important directly in the differentiation within the
genus. Apparently indireetly, interaction with the
host-plant stem has been instrumental in the specia-
tion of Agasicles. However, there is no evidence
that any of the forms of Agasicies has speciated hy
resource partitioning, that is, by dividing up the
habitat in the form of a common host plant. This lack
of habitat subdivision accounts for the allopatry and
parapatry within Agasicles that have resulted In
marked reduction in range and therefore advance-
ment along the taxon cycle. No speciation is appar-
ent in the other recognized specialized biotic agents
of amphibious amaranths, which, like Agasicles,
have geographic ranges that are nearly coextensive
with that of alligaterweed in South America. These
include Vogtia matioi and Amynothrips andersoni,
both of monotypic genera, and the leaf-mining
Agromyza allernantherae and Disunycha argen-
tinensis, both of large polytypic penera. We reiter-
ate that in D). urgentinensis there is no interaction
of host-plant stem and flea beetle,

We have considered in detail four vittate species
and three subspecific fasciate forms of Agusicles
and the close extrageneric relative, Disonycha
argentinensis. For these South American dis-
onychine flea beetles, we have presented three Jif-
ferent versions of the phenoclines for 11 sets of
character pairs. The first version extends through
mean points of the four vittate species of Agusicles
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and their normal ellipses to the single mean point
and ellipse of the combined samples of fasciate A.
gpaca. The stem of the unbranched phenoecline ex-
tends from the mean peint and normal ellipse for
Disonycha argentinensis. The second-version
phenocline is essentially the same as the first ver-
sion except that calibration errors are corrected and
the samples of the fasciate polytypic A. opaca are
divided into three geographical components, with
the result that a series of three mean points and
their normal ellipses replace the single mean point
and ellipse of the first version, In the third version,
the mean points are reordered, and the phenocline
assumes a trifurcate form that corresponds to
the trifurcate distribution of the seven forms of
Agasicles in nature. The stem, as in the first and
second versions, extends from the mean point of
Disonycha argentinensis. Additionally, we have
considered the three normal host plants of Aga-
sicles in South America, namely, alligatorweed,
Alternanthera hassleriana, and A. gessilis.

The stem diameters of Alternanthera sessilis
tend to be undersized for pupating Agasicles, while
those of alligatorweed tend to be slightly oversized,
Those of Alternanthera hassleriana are markedly
oversized. The large size of the fasciate Agasicles
species is clearly related to the large stem size of
its host plant. The somewhat smaller size of the
Paraguay River form of fasciate A. opaca may be
related to a partial dependence mostly in transition
zones upon the smaller stemmed host, alligator-
weed. The overall small size of the vittate species of
Aguasicles is related to the smaller stem size of their
host plants, alligatorweed and Alternaunihera
sessilis. However, we have no evidence that the
progression in size in the vittate species from
Agasicles hygrophile to A. interrogefionis and from
A hygrophila to A, viltete is related to stem di-
ameters. Contrary to Bergman's rule, there may
be instead a meaningful relationship both in vittate
and fasciate Agasicles species of increasing insect
size with increasing tropical climate and increas-



ing period since divergence from the ancestral
form(s) of A. hygrophila, the smallest species.
Later (p. 126), we will consider another possible
explanation for the small size of A. hygrophila.

With respect to mean points for character pairs,
the phenoclines show that, of the seven forms of
Agasicles, A. hygrophila falls closest on the av-
erage to amphibious-amarantbk-oriented Disonycha
argentinensis. These resuits are consistent with
zoogeographical, morphological, and biological con-
siderations and indicate the probable extrageneric
relationship between D. argentinensis and A. hy-
grophila. However, without the important back-
ground information, much of this proximity might
be consirlered simply as coincidence resulting from
similarity of body and appendage size. Host-plant
and biogeographical information further indicates
affinities among Disonycha argentinensis, D. col-
lata, D. xanthomelas, and D. glabrata. Important
in establishing relationship may be the transference
of North American D. collata and D. ranthomelas
to alligatorweed, a disjunct host plant for these flea
beetles. Also important may be the adult-limited,
disjunet orientation to alligatorweed of Western-
Hemisphere-wide D. gia brata, observed and tested
in North America but to date not found to exist in
South America.

The more slender-stemmed Alternanthera ses-
stlis does not cccur within the range of small-sized
Agasicles hygrophila. But this plant is an alterna-
tive host of Agasicles connera and A. interroga-
tionls zlong the east coast of Brazil. It is probable
that this plant invaded the range of both of these
flea beetles after each had undergone its evolution
on alligatorweed. Also, Alternanthera sessills sup-
ports the intermediate-sized Agusicles rifiata ex-
clusively over part of the flea beetle’s range. This
insect probably reached this acceptable host plant
by coincidence after having undergone most of its
evolution on alligatorweed and its ancestral forms.
In the rain forest conditions of the sub-Andean
ranges and possibly along the east coast of Brazil,
occurrence of this host plant must be widely sepa-
rated because of its dependence on tree falls for
openings in the canopy. This sparse distribution of
host plant may tax the searching ability of the de-
pendent insect. Thereby. development of plants of
full size may be allowed before arrival of the sup-
pressive insect. (However, see p. 13.)

From the normal ellipses we see the conspicu-
ously inflated internodes of decumbent stems of
Alternanthera hussleriana, the more or less sien-
der ascending stems of alligatorweed, and the slen-

der ascending stems of A. sessilis. We also see
stem-diameter reduction of alligatorweed in the
form of regeneration in an area denuded by Agasi-
cles. Additionally, we see the length of the ascend-
ing portion of the stem related to its basal width.

QOur field observations show that the forms of
Agasicles occur allopatrically to parapatricaily, or
rather broadly sympatrically in the case of the
Paraguay River form of fasciate 4. opaca and vit-
tate A. hygrophila. Also, as we found them occur-
ring in the field, we show the four vittate species as
a group interacting with alligatorweed as well as
Agasicles vittata interacting alone, over part of its
range, with Alternanthera sessilis. Similarly, we
show the fasciate Agasicles species interacting with
Alternanthera hassleriana. In each case, we show
flea beetle size interacting with host-plant stem
diameter. But because of the limitations of our sam-
pling, we have not related each species of Agasicles
with its particular host within the limits of its par-
ticular geographic range.

Of the graphical representations for the flea bee-
tle characters, pronotal width related to pronotal
length most clearly shows a positive relationship
with diameter of the host-plant internode in which
Agasicles pupation occurs. In contrast, pupation of
most other flea beetles occurs in a cell formecl by the
prepupa in the soil, and the pronotum may be broad
and short, as it is shown for Disonycha argentinen-
sis. Elytral length related to elytral width and total
length of body related to thickness of body show this
relationship with stem diameter less clearly. Head
width related to head length is more erratic in
trend, and interocular width related to interan-
tennal width is even more so. The lust two sets of
character pairs include widths that <o not nor-
mally contact the restrictive walls of the host-
plant internode. Therefore, these widths probably
are guite free to diverge or converge. A slen-
der prothorax and narrowed head result in the
increased mobility of these structures that is ap-
parently needed for in-stem feeding and exit-
hole-making by the newly emerged flea beetle.

Other character pairs have phenoclines that
seem to be related to the increases in general
body size of the flea beetle species. Included here
are the relations of antennal length to metathoracic
tibial length, fourth to third antennal length, and
sixth to fifth antennal length. Still another class of
character pairs is represented by a single trend line,
length to width of seventh antennal segment. It
may indicate evolution of slightly more slender
appendages in the vittate species of Agasicies,
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followed by more robust appendages in the fas-
ciate species that pupate in more spacious inter-
node cavities.

Another class of character pairs expresses the
variation of elytral markings. Our single example
also seems to express the elongation of the apical
region of the elytra by the widths of the bases
of the concentric U-shaped elytral markings. This
elongation may be related to the elongation and
development of the female pygidium into an exter-
nal genitalic “key.” However, there is no conspicu-
ous discordance between the pair of phenoclines to
indicate sexual dimorphism. Possibly the corre-
sponding development of the “key” in the female
and the “lock” in the male cancels out much of the
discordance between the sexes in the elytral apices
and their associated markings.

The phenoclines are strikingly discordant be-
tween the females and the males for the relation of
width to length of pygidium. This discordance is
clearly a result of sexual dimorphism and reflects
the development of the external genitalic key in the
females, in contrast with the miniscule development
of this structure in the male. With all the diversity
of the 11 sets of evolutionary trend lines presented
in this study, there is general concordance between
the sexes except for this obviously dimorphie pair.
A corresponding pair based on the development of
the external genitalic lock in the male contrasted
with the female was not possible because of the
absence of corresponding landmarks in most fe-
males. Less obvious sexual dimorphism does oc-
cur in various character pairs. We consider that
female percentages of the combined female and
male distances between each of the second-version
phenoclinal mean points indicate sexual dimorphism
at one to three separate intervals for each of seven
character pairs besides the one relating width to
length of pygidium.

In most graphs of correlation between flea beetle
characteristics, there is maximal intercharatter
correlation because there is consistent alinement of
the normal ellipses, with only a very occasional el-
lipse showing significant rotation from the norm.
Both the vittates and fasciates show this tendency.
For a few pairs of characters, however, there is
diverse orientation of the ellipses; and, in such
cases, there is usually a reduction in the amount of
overlapping, especially if there is a sufficient inter-
val between the mean points along the phenocline.
In these there is low intercharacter correlztion, a
high level of discrimination, and, therefore, utility
as taxonomic characters. Most notable among them
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are the relations between the widths of the bases of
the concentric U-shaped elytral markings and be-
tween the width and length of pygidium.

By means of the bivariate normal ellipses, diag-
nostic taxonomie discrimination is demonstrated for
Agasicies hygrophile (fig. 55) and for the combined
forms of A. opaca {figs. 50, 51, 53-55). Partial tax-
onomie discrimination is demonstrated for A. inter-
rogationis females and A. vitfata females (fig. 60A).
Except for the character pronotal length to width
{fig. 50), the normal ellipses for Disonycha argen-
tinensis are either superimposed upon or else
widely overlap those of the vittate species of Agasi-
cles. As compared with the vittates, none of the
three fasciate forms are separated by means of the
normal ellipses, even though their intermean point
intervals change direction markedly. Usually, it is
small intermean point distance and broad, large
ellipses that decrease taxonomic discrimination.
Along the second-version phenoclines the totals of
distances of the faseiates are less than most of those
of the vittates. The differences are even greater
along the third-version phenoclines. On the basis of
the differentiation of their external lock-and-key
genitalia, of their uncleared aedeagi, and of their
elytral markings, we consider the four forms of
vittate Agasicles as probably reproductively iso-
1ated. Since these forms are geographically ex-
clusive and are so similar ecologically, we further
consider them as being semispecies of a superspe-
cies {Amadon 1966; MacArthur 1972; Haffer 1974).
On the other hand, we have not been able to sort
the three fozins of fasciate Agasicles opaca on the
basis of uncleared aedeagi, external lock-and-key
genitalia, or meaningful discrimination by normal
ellipses. In view of these facts and the phenoclinal
distances being generally shorter in the fasciates as
compared with the vittates, we consider the three
fasciate Agasicles forms as being subspecific forms
of polytypic A, opaca (Mayr 1970).

Although the unbranched first- and second-
version phenocclines provide a consistent successive
order for the mean points of the character pairs,
they provide only limited evidence of the evolution-
arily significant geographical separation between
Agasicles vittata and A. inferrogationis. The
switchback in direction that occurs in a few of the
phenoclines between the mean points for these two
species may be important evidence if viewed from
the standpoint of possible parallet evolution. But
the importance is open to question because of simi-
lar switchbacks occurring along the same pheno-
clines between geographically proximate Paraguay
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FiGURE 85.—Recent distribution of rain forests (crosshatched) and open landscapes (blank) in the Neotropies. (From Miiller 1973,
reprinted by permission of Dr. W, Junk b.v. Publishers.)

River and Plains of Mojés forms of fasciate Aga-
sicles opaca. However, the limited evidence bear-
ing on whether A. wilfata has closer affinities
with A. hygrophila or with A. interrogaiionis is
consistent with extensive biogeographical evidence
for a wide void between the ranges of A. vitiata
and A. interrogationis. Therefore, we consider that
the Recent Agasicles species do not constitute an
unbranched line or a closed cirele of closely related
forms but rather a trifurcate series (fig. 73). We
have applied this concept in reordering the mean
points for the third-version phenoclines of the 11
sets of character proportions. In this third version,
the lead of the vittates increases over the fasciates
for the distance each takes up along the Agasicles
phenocline. This greater phenoclinal distance indi-
cates more advanced speciation within the vittates

as compared within the fasciates. Biogeographi-
cal evidence supporting the trifurcate form of the
phenodine follows.

Six of the seven forms of Agasicles are known to
infest alligatorweed, and the four vittate species are
known to depend either principally or exclusively
upon this single host plant within their native
ranges. These four species seem to be equally
specialized geographic forms suppressing the same
species of host plant. One of them, Agasicles hy-
grophila, is the most primitive structurally, and
we consider it the least geographically derived; i.e.,
the most primitive member of this genus oceurs ei-
ther within or adjacent to the region of longest his-
tory of habitation. The other three are the more
structurally and geographically derived A. con-
nexa and A. Tnterrogationis of the Brazilian east
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FicUrE 86.—Distribution of presumed forest refugia in the Neotropies during dry climatic phases of the Pleistocene, based upon
Recent occurrences of three diverse animal groups. Left, neotropical bird distributions (Haffer 1974). Center, Amazonian lizards,
Anolis chrysolepis spedes group, distributions (Vanzolini and Williams 197¢). Right, Heliconius butterfly distributions (Brown
etal. 1974). (From Haffer 1974, reprinted by permission of the Nuttall Ornitholegical Club.)

coast, and, in another direction, A. wvittata. Alter-
nanthera sessilis occurs in the range of each of
the three species and is an occasional to exclusive
host plant.

Except for those endemic to the region, many
plant and animal species of the Atlantic coastal
forest (the east Brazilian forest shown in fig. 85)
have their closest relatives in the Amazonian rain
forest (Smith 1962; Miiller 1973; Haffer 1974). In
comparing figures 34 and 85, we find this similarity
very unlikely in the case of Agasicles connexa and
A, interrogationis, which we judge to be more
closelyrelated to A. hygrophila of the lower basin of
the Rio de la Plata. From figures 1-6 and the
phenoclines, vittaté Agasicles vittate of the upper
Amazonian forest region and fasciate A. opaca of
the lower Amazon Basin are by the prineiple of
parsimony clearly more distantly related than A.
hygrophila is to the two Atlantic coastal forms of
Agusicles. For possible comparison with these
biogeographical relationships in Agasicles, we note
the invasions of vertebrate species of the Uru-
guayan dispersal center (fig. 86) into the Atlantic
forest of southeast Brazil as reported by Miiller
(1973). We also note Smith’s (1962) representations
of the migration of plants from the Paraguayan
forest areas. To reach the Atlantie coastal forests,
these plants cross over the Mesozoic basaltie shield,
which we have found to be mostly a void in the
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distribution of alligatorweed but apparently not in
the case of the amphibious amaranth Alternanthera
reineckii. However, we have no evidence that there
was any exchange, either of forms of Agasicles or of
forms of amphibious amaranths, across the pres-
ently unforested central tablelands separating the
Amazonian forest and the forests of southeast
Brazil (8Smith 1962; Haffer 1974). We know.of no
rain-forest connections across northeastern Brazil
being shown by any author. One may also consider
Agasicles and alligatorweed as having a maritime
distribution pattern along the Atlantic coast of
Brazil. But as Smith (1962) points out with respect
to plants, migrations have been from the north
rather than from the south.

Figure 85 shows the Recent distribution of
forests and open formations in South America and
Central America. Iigures 87 and 88 show the
forested and nonforested dispersal centers as con-
ceived by Miiller (1973), and figure 86 shows the
distribution of presumed forest refugia during dry
climatic phases of the Pleistocene as considered by
Haffer (1974). In comparing each of these distribu-
tions with those of Agasicles species given in figure
34, we see that A. hyyrophila, the most primitive
species, extends either along the edges of or only
shallowly into three of Miiller's (1973) nontorest
dispersal centers, viz., the Uruguayan center (35},



FigURE 87.—Rain forest dispersal centers of terrestrial vertebrates in the Neotropics. Montane forest centers are shown by fine
hatching and the lowland forest centers by coarse hatching. (From Miiller 1973, reprinted by permission of Dr. W, Junk b, v,

Publishers.}

the Pampa center (38), and the Chaco center (36).28
We find further that the existing range of Agasicles
viftata includes several rain-forest refugia cor-

26Wa need Lo point out that while these 3 dispersal centers are
represented as being nonforested, gallery forest commonly oe-
curs in them along the banks of fluvial systems. Smith (1362)
refers to the complex of gallery forests of the basin of the Rio de
la Plata as Paraguayan rain forest. In comparison with the
Amzzonian rain forest, he further considers “the Paraguayan
Basin fas) having developed a flora of its own to an even greater
extent than has the [Atlantic] coastal rain forest.” We consider
the southwestern portions of the southeastern Brazilian forest
shown in fig. 85 as constituting the areas of more continuous
cover of the Paraguayan rain forest. We found outliers of it
across Corrientes Provinee to the lower Parand River. Also, we
need to point out that Miller {1973) considers his Pampa cen-
ter (38) to have much in common with his Uruguayan center.
The endemic fauna of both centers is adapted to an unfor-
ested landscape.

ceived by Miiller (1973) and again, but differently,
by Haffer (1974). In addition, we find that Agasicles
connexa and A. interrogationis might relate to the
southern subcenter and the two combined northern
subcenters respectively of the Serra do Mar refugia
of the Atlantic coast of Brazil (Haffer 1974). Al-
though we do not show a map of them, Miiller's
(1973) Paulista subcenter and Bahia combined with
the Pernambuco subcenter are even more compa-
rable with the ranges of the two Atlantic coast
Agasicles species,

This study shows that the unusual body form of
Aguasicles has developed largely as a result of a
process of conformation to the host-plant stem in
which pupation takes place. The three fasciate
coccinellid-mimicking forms of A. opaca are more
geographically derived species that developed in
large stem cavities after a process of conformation
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FicrerE 88.—Nonforested dispersal centers of terrestrial vertebrates inthe Neotropics. Agusicles hygraphila and alliyratorweed geeur
along the eastern margins of centers 36 and 38 and the western, southern, and eastern margins of center 35 {see figs. 36 and 38); 4,
opaca and A. ritiata do not quite reach the northwest margin of region 36 (see fig. 38). (From Miller 1873, reprinted by permission
of Dr. W. Junk b.v. Publishers.)

to slender stems had been achieved. All three forms
have room to spare when pupating in their principal
host plant, Alternanthera hassleriana. The over-
sized stem of this plant and the absence of small-
stemmed regeneration that might be restrictive to
Agasicles may constitute important evidence that
the ancestral form of the Paraguay River form
found the ancestral form of Alternanihera has-
sleriana with stem diameters approaching those
existing today. Alternatively and possibly co-
evolutionarily, the flea beetle could have in-
creased in size as the host-plant stem increased in
diameter. Then, the plant stem continued to in-
crease beyond the requirements for accommodation
of the pupating insect. In the case of the vittate
species of Agasicles, our evidence neither proves or
disproves the possibility of their coevolution with
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alligatorweed from exclusively terrestrial ancestral
forms. Previous to this process of adaptation and
speciation and possibly contemporaneous with the
evolution of alligatorweed from a terrestrial to an
amphibious plant, A. hygrophilc and its precursors
diverged from their ancestral form near Disonycha
argentinensts. This step probably occurred before
the Pleistocene in the basin of the Rio de la Plata.

It is conceivable how the Pleistocene may well
have played an important role in the speciation of
Aguasicles. Consider the very recent formation of
the lower Amazonian deltaic plain. Consider the
probable isolating effects of the dry climatic phases
of the Pleistocene upon the Plains of Mojés and the
forests of the Bolivian jungas with respect to the
upper Paraguay Basin. Consider the possible isolat-
ing effects of the changes in eustatic level in the




estuarine Rio dela Plataand along the eastern coast
of South America. Consider the possible isolating
effects of the colder climatic phases in the region of
thelower Rio dela Plata. Consider the effects of the
dry climatic phases upon the integrity of the coastal
rain forest. Then consider the present geographic
ranges of the seven forms of Agasicles. Consider
further the twe probable ancestral forms of the
three subspecific forms of A. opaca: that of the
Paraguay River form of A. opuce and A. hygro-
phila; that of A. vittata and A. hygrophila; that
of A. hygrophila and A. connere; and that of A.
connera and A. interrogationis. The relationship
within the first set of three and within each of the
last two sets is especially likely, considering the
close affinities within the first three and the last
three existing forms and considering the similarity
of their ecological niches and their adjacent geo-
graphical distributions. Consistent with this con-
ception, Miller (1973) summarizes numerous
well-documented examples of subspeciation in ver-
tebrates that clearly took place in glacial times.27
With these examples in mind it seems clear that
the first changes in the differentiation of Agasicles
probably occurred in the form of geographic varia-
tion of a wide-ranging species. There probably fol-

27Miller (1973} states: “For polytypic species with monocen-
tric subspecies, it can be shown that the dispersal centers rep-
resent centers where terrestrial vertebrates were preserved
[survived} during regressive phases of the environment: iLe.,
they [dispersal centers] have acted in the past as refoge areas.”
Even more cogent for comparizon with our picture of Agasictes
may be Haffer's (1974) conclusions: "A high percentage of neo-
tropical birds are members of superspedies, e.g., T6% of the
Jacamars (Galbulidae) and 85% of the toucans (Ramphastidae).
Probably, ecologic eompetition i an important {actor in deter-
mining the range {imit of numerous allied bird species in South
America. | supgest that the component spedies of each super-
spedes originated from 2 comman ancestor whose range was
fragmented through vegetationul changes during adverse cli-
matic periods of the Quaternary. The 'sister’ populations inhab-
iting the varivus refugia’ deviated at diffeving rates from their
ancestor, and from each other, by selection and chanco.
Upon the return of Jnore favorable climatic and vegetational
comlitions newly develaped [onns came into secondary contact
with sarying results. aceording to which stuge hard been
veached in the speciation process, viz., more or less extensive
hybridization, geographic exclusion with no or only very limited
hybridization, or range overlap of varyving extent, i sexual
as well as eeologic compatibility had been atlained during the
previous periodis) of ecologic-gevgraphic isolation. Zones of
sevondary conlact between Amazamian forest hirds preveal
striking Faunal discontinuities in a4 continuous frest environ-
ment. Aveas of faunal fusion In Midele Ameriea and A mazonia
fall between postulated forest refugia and are characterized by
clusters of contact zones of spedes aud subspedies pairs.”

lowed a splitting up of the populations. In addition
‘0 the contraction and expansion of forest refugia,
interglacial seas engulfing the lower Parand River
and transgressing portions of the exposed Conti-
nentat Shelf of the craggy east coast of Brazil could
have formed barriers and obliterated habitats for
alligatorweed and its insects. During glacial ad-
vances the ancestral form near Agasicles hygro-
phila may have resorted to refugia as far north as
the Pantanal and the upper Paraguay River. In this
way, the flea beetle ancestral forms may have be-
come associated with and become adapted to
Alternanthera hassleriana or its ancestral form.
Possibly climatic change, such as increasing aridity,
could have separated the population of the refugium
from that portion which repopulated the southern
coastal regions. In this way, fasciate Agusicles
opaca could have originated. Similarly, the ances-
tral forms of Agasicles vittata could have been cut
off, as they are now, during periods of greater or
less aridity, from the range of the more primitive A.
hygropkila and its ancestral forms. The existing
more primitive species, A. hygrophila, presently
occupies a range that is central to all three branches
of the dendrogram {fig. 73) which is superimposable
upon the Recent pattern of geographical distribu-
tion of Agusicles. This trifurcate superimposability
takes on added significance in view of our knowl-
edge of dispersal capability, niche-space limits and
niche-saturation capacity that characterize the
component forms of Agasicies. [n view of this back-
ground the speculations just given may be con-
sistent with Darlington’s (1970) concept that the
primitive member(s) of a species complex occur
more likely in the region of less stable ecology; that
is, the temperate to subtropical region just south of
the Tropics. However, the question remains: Has
this southern region been any more ¢limatieally un-
stable than the Tropics which appurently alternated
hetween wet and dry periods (Maller 1973; Haffer
1974)? On the other hand, we think it is untenable to
consider the three terminal forms of the trifurcate
phenocline as representing more primitive forms. It
seems obvious from this study that they are the
three most derived forms.

Subaguatic insects such as Agasicies are asso-
clated primarily with drainage systems-—their al-
luvial plains, lagoons, and deitas. It may seem Lhat
they would be little alfected by fluctuating wet to
dry periods of the Pleistocene. But, in view of the
dependence of the vittute species upon shade or
cloud cover (low evaporation rates), and rainfall, for
population increase, forest refugia may have played
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an important role in the speciation of these forms.
The present range of Agasicles vittata (fig. 34) coin-
cides with Miiller’s (1973} and Haffer's {1974) east
Peruvian presumed forest refugia (figs. 86 and 87).
Likewise, the ranges of A. connexa and A. inter-
rogations coincide with southern and northern pre-
sumed forest refugia of the Serra do Mar. Also, in
the lower Mississippi Valley region, we have found
that during cold to hot-dry years introduced
Aguasicles hygrophila is unable to disperse north-
ward from its permanent population centers along
the Gulf of Mexico coast. In contrast, remarkable
dispersal occurs during cool to warm-moist years
(Vogtetal., cited in footnote 20).

Apparently because of their being close to the
water surface on nonascending Alternanthera has-
sleriana, which has an additional feature of water-
cooled stems, the fasciate forms of Agasicles are
tolerant of insolated habitats. It may be that vittate
A. hygrophila and possibly A. vitfata, which should
respond positively to these same features, are
competitively excluded by the fasciate Agasicles
species. Mimicry of its aposematically marked
predator, Coleomegilla quadrifasciata, may be an
important factor favoring the fasciate Agasicles
over the vitiate forms in insolated lagoons. The
vittates may be more subject to predation by birds
such as the widespread jacana that characteristic-
ally range over the insolated lagoons and backwa-
ters. In the transition zone adjacent to the habitats
of Alternunthera hassleriana, Agasicles hygro-
phila and possibly A. vittata coexist on alligator-
weed with the Paraguay River form and possibly the
Plains of Mojds form of A. opaca because of better
adaptation of the vittate species to alligatorweed.
On the alligatorweed side of the transition zone, the
larger sized fasciate Agasicles species are less
favorably accommodated by smaller host-plant
stems. Possibly, this interspecific competition has
selected for small size in Agasicles hygrophila.
None of the other vittate Agasicles is subject to a
comparable competitive situation, Therefore, there
may be greater freedom for their size increase.

The courses of the phenoclines for the vittate
species of Agasicles suggest that a first step in the
differentiation of the three species gccurring along
the eastern coast of South America could have been
the splitting off of A. inierrogationds, followed at a
later period by the splitting off of A, connexza. The
still more derived character of A. vittata indicates
that it would have split off earlier from the ancestral
form of Agasicles hygrophila than did A. inter-

126

rogationis. Alternatively, it is possible that all bar-
riers came into existence simultaneously, and the
successively increasing degrees of divergence
among the vittate species of Agasicles could simply
reflect gradients of increasing tropical climates of
both Recent and earlier times. These vittate species
presumably underwent their evolution principally
on alligatorweed and its ancestral forms. Appar-
ently, no intermediate forms between Agasicles
vittata and A. hygrophila exist except possibly
as fossils.

The somewhat different course of evolution of the
three forms of fasciate Agasicles opaca took place
on a different host plant, Alternanthera has-
sleriana and its ancestral forms. Again the pheno-
clines show that the geographically most remote
form of Agasicles (lower Amazon River form) is
clearly the most derived. However, prior to the
appearance of the ancestral form of Agasicles
opaca, ancestral alligatorweed probably had
evolved to the more specialized Alternanthera has-
sleriana as an adaptation to the hydrographic flux
of river lagoons and seasonally flooded lands such as
the Plains (Llanos) of Mojés. We assume that soon
after its divergence from ancestral Agasicles hygro-
phila in the upper basin of the Paraguay River the
ancestral A. opaca increased markedly in size and
invaded the Amazon Basin by way of the Plains of
Moj6s to become the ancestral lower Amazon River
form, which continued to diverge. Presumably, the
course of migration of the ancestral forms of
Agasicles vittata followed along the forested base of
the Andean foothills apart from the insolated Plains
of Mojés. Like the route along the east Brazilian
littoral, this route of migration is transverse to the
drainage courses reaching down from the adjacent
mountains (fig, 34},

Beyond its initial phases, the wide divergence
between Agasicles hygrophila and the Paraguay
River form of fasciate A. opuca prebably occurred
in sity, i.e., patristically or phyletically, with no
surviving intermediate forms. In the case of the
vittate species A. viftata, it hs been supposed that
oné or two unknown species near its ancestral form
existed in the sub-Andean region extending from
southern Peru to northern Argentina. These spe-
cies were considered as being intermediate in
form between A. vittata and A. hygrophila (fig. 73).
However, this possibility faded with the finding of
Agasicles vittata north of Santa Cruz {Portachuelo),
Bolivia, and the finding of oligophagy (stenophagy)



within Alternanthera of Disonycha argentinensis
(Vogt and Cordo 1976).

Considering its subgeneric distinctness, its
tropicopolitan distribution, and the rather limited
geographic area where it alone is attacked by a
specialized species of Agasicles, it may be that an
important indigenous center of Alternanthere ses-
sifts is in the sub-Andean region of the Amazon
Basin. However, as already indicated, Agasicles
vitiata or its ancestral form probably reached this
plant by coincidence in the course of its migration,
after having undergone most of its evolution on
Alternanthera philoveroides and its ancestral
forms. Over its entire worldwide range, Alter-
nanthera sessilis is a slender-stemmed amphib-
ious amaranth that, in our limited study, shows
no uoteworthy geographic variation. Therefore, if
A. sessifis is indigenous to South America and if it is
prehistorically tropicopolitan, it should serve to
show the miniscule amount of change {coevolution}
that has occurred in the host plant within those
areas where it interacts with Agasicles, Thereis no
evidence that the other amphibious amaranths have
a prehistory of worldwide distribution. Therefore,
they may not serve as indicators of coevolution. As
previously cited, Pedersen considers the affinjties
of A. sessilis tohe with Southeast Asian species.

Alternatively, since the primeval ecology of
Alternanthera sessilis and Agasicles vittata is syl-
van in the very humid sub-Andean region, the ques-
tion arises, Could Agusicles have diverged from a
terrestrial ancestral form that was a sylvan altieid
in that region? There is also the possibility that the
three forms of fasciate Agasicles opaca could have
evolved independently of their vittate congeners
through an ancestral form near a fasciate species of
Phenrica (fig. 8). Neither of these alternative
evolutionary courses is borne out by the findings
of this study. Furthermore, the possibility that
Agasicles underwent its radiation in a tropical re-
gion such as the basin of the Amazon River is not
borne out by this study. However, in view of its lack
of winter diapause coupled with its irreversible,
autocical, northward migrations documented in the
lower Mississippi Valley Region (Vogt et al., cited
in footnote 20), Agasicles hygrophila is an enigma
because we consider its lack of winter hardiness as
an important indicator of tropical origins. On the
other hand, considering that a form of summer
diapause possibly exists in Agasicles hygrophila
(Vogtet al., cited in footnote 8) and considering that
winter-diapausing flea beetles seek high ground,

we believe Agasicles could have lost winter hardi-
ness as a tradeoff in evolving strong hygrophil-
ous responses.?s

We interpret the findings of this study as being
consistent with the center of origin and progression
rule of Hennig-Brundin as discussed by Hennig
(1266), Darlington (1970}, Brundin (1972), Briggs
(1974), and Ball (1975). Basic to this consideration
are the closely comparable specializations of each of
the four vittate species and each of the three fas-
ciate forms of Agasicles. Additionally, there are the
niche-saturation capacity, dispersal capability, and
geopraphic exclusion characteristic of each of the
forms. Our results indicate that Agasicles hygro-
phila is the most primitive species of the genus
and that the genus is centered in the lower basin of
the Rio de la Plata. Forms extending more or less
linearly in three different directions show progres-
sively greater geographic and structural derivation
(see Mayr 1970, p. 227). The trifurcate configura-
tion of the geographical distribution and the prin-
ciple of parsimony do not permit application of
Darlington’s rule of thumb {Darlington 1957; Nelson
1969, 1974; Brundin 1972; Ball 1975). However, i
view of the closely knit character of the Agasicles
species and the probability of their relatively recent
evolution, we do not consider the applicability or
nonapplicability of these rules as being important in
considering this problem at this stage in geological
time. Furthermore, as we have already noted (p.
120), in accordance with Amadon (1966), MacAr-
thur (1972), and Haffer (1974}, we consicler that the
geographically exclusive vittate species of Aga-
sicles constitute four semispecies of a superspe-
cies. They evolved primarily on alligatorweed,
and they are indicated helow within brackets. We
also list below the three unnamed geographically
exclusive fasciate Agasicles forms that we consider
as being subspecific forms of A. opaca (Mayr 1970):

Agasicles cannera
interrugationis
rithifa
hygrophila

Agasicfes opaed
Paraguay River lorm
Plains of Mojos lorm
Lower Amazon River form

28 [ukefahr et ul. (19684} point out that certain insect pests
having winler diapause also have geographic ranges that do not
cross the Bquator. They relate this to the inahbility of the in-
sects to enter diapapse in areas between 10° north and 10°
south latitude.




We may now recapitulate. The Recent South
American disonychine flea beetles of the amphibi-
ous amaranths diverged from a terrestrial ancestral
form resembling Disonycha argentinensis and
coevolved with the amphibious amaranths. The
plants were advanced in their evolution when
Aguasicles appeared. A trifureate distribution of
forms resulted that centers on A, hygrophila. The
middle arm econsists of polytypic fasciate A. opaca,
which overlaps vittate A. hygrophila. The four vit-
tate senispecies that comprise the side arms are
geographically exclusive and constitute a super-
species. They have evolved primarily on alligator-
weed centered in the lower basin of the Rio de la
Plata. After having undergone most of its evolution
interacting with small-stemmed alligatorweed, fas-
clate polytypic A. opaca diverged from the vittate
forms, continuing its evolution interacting with
mostly oversized stems of Alternanthera has-
sleviena. Although this release from interaction
with small stems relates to an accelerated rate of
divergence from the vittate forms, it alse relates to
a slowed evolution of reproductive isolation and
therefore speciation among the fasciate forms.

From this summary, it becomes clear that the
taxon eycle of Agusicles is driven to 2 significant
degree by the plant-stem and flea-beetle interac-
tion. This is an important consideration because, as
already discussed (p. 28), Ricklefs and Cox (1972)
have postulated that the progress of a species
through the taxon cvcle results in “counterevo-
lution” and reduced competitive ability of that
species, If this hypothesis is true, it may provide a
means of recognizing promising biocontrol agents,
i.e., byits stage in the taxon cycle, or, in effect, by
its stage in speciation.

We need to point out further that Nelson (1974) of
the emerging Croizat school of biogeographers
rejects as “aprioristic all ‘clues’ or ‘rules’ used to
resolve centers of origin and dispersal without ref-
erence to general patterns of vicariance?® and sym-
patry (Croizat et al. 1974). With many others I
include as a rejectable apriorism Hennig's (1966)
‘Progression Rule’ (Ashlock 1974). Unencumbered
by aprioristic dispersal, historical biogeography is
the discovery and interpretation, with reference to
causal geographie factors, of the vicariance shown

2Wicarious species o forms, the subjects of vicariance, are
important in biocontrol problems because thev are ecological
homologs, Le., [orms that are closely refated phyletically and are
essentislly allopatric in distribution. They may be either semi-
species of superspecies or subspecific forms of polytypic species.
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by the monophyletic groups resolved by phyloge-
netic (‘cladistic’) systematics.”

With respect to vicariance, we have endeavored
fo explain that changing geographic factors resulted
in the splitting up of a wide-ranging ancestral form
of Agasicles hygrophila into the existing seven rec-
ognized forms. Similarly we indicate the differen-
tiation of three fasciate subspecific forms from the
less wide-ranging ancestral form of Agasicles
opaca. We feel our proposed phylogeny of Agasicles
follows the important principles of phylogenetic
systematies ineluding Hennig's (1966} “rule of de-
viation” as discussed by Darlington (1970). We be-
lieve our induigence in considerations of dispersal
and center of origin are justifiably aprioristic in
view of the relatively recent evolution of the exist-
ing insect forms under study and in view of our
knowledge of their ecology. Furthermore, beyond
the seope of this bulletin, we are assembling infor-
mation (Vogt and Cordo 1976) on various interact-
ing systems of plants and insects in South America
from a biogeographical standpoint. Much of this
information constitutes “tracts of distributions”
that have influenced our biogeographical thinking
in this bulletin.

In this study, we have laid a foundation on which
more definitive studies can be made. We have
presented extensive documentation on the bioge-
ography and phylogeny of a group of specialized
herbivores and their host plants that, in their in-
teractions, provide an unusual opportunity for
definitive studies. We have brought together ex-
tensive evidence for a probable center of origin of
Agasicles in the form of Agasicles hygrophite and
its ancestral forms. We relate evolution of the other
three vittate species of Agasicies to three of Haf-
fer's (1874) presumed forest refugia in tropical
South America during arid climatic periods of the
Pleir _ocene. We relate evolution of the more dis-
tinctive divergent group of three fasciate forms of
Agasicles to three regions of open insolated wet-
lands to which their amphibicus amaranth host is
highly adapted.

We have not proved or disproved the suggested
coevelution between host planl and specialized
insect. We interpret our findings to mean that spe-
clation in Agasicles has been a process of geograph-
tcal differentiation, with the rate of speciation
seemingly controlled by the intensity of the host-
plant-stem and flea-beetle interaction, While this
interactive process may be considered to be co-
evolutionary, our findings indicate that the host
plants were advanced in their evolution when Aga-



sicles appeared and that the plants may not have
changed appreciably as the flea beetles diverged
and speciated. Our findings seermn to be more in ac-
cord with the theory of sequential evolution pro-
posed by Jermy (1976). This theory emphasizes
that “the evolution of phytophagous insects fol-
fows the evolution of plants, the latier being one
of the most important selection factors in the evo-
lution of insects.”

In the case of the possible coevolution of Al-
fernanthera hassleriana and the three fasciate
forms of Agasicles, the oversized host-plant stem
internodes do not necessarily preclude this possi-
bility. In the case of the possible coevolution of
alligatorweed and Agasicles hygrophila from their
terrestrial ancestral forms, the evidence remains
tenuous. But if the insect ancestral forms trans-
ferred to the amphibious amaranths at a time
when the plants were in an advanced state of evo-
lution, then the plants must have either increased in
growth and reproductive potential or developed
phytochemical or subtle physical defenses or both,
because of coevolution assceiated with inereasing
specialization, and often increasing suppressive-
ness, of the insects. We see little or no difference
between this interactive process and that leading
to ecological homeostasis that host-parasite systems
evolve towurd as postulated by Pimentel (1963,
1968). In phvytophagous insects, the taxon cvele
may be another manifestation of this same process
combined with the effects of counterevolution-
ary processes occurring within the biotie com-
munity (see p. 28).

The piecing together of the probable evolutionary
history of this group of disonychine flea beetles and
their host plants affords various conclusions that
are of more direct importance in the biological con-
trol of weeds. OF general interest is the evidence for
aned the conclusion reached on the center of arigin
for Agasicfes. This information suggests the impor-
tance of the lower basin of the Rio de la Plata as a
center of evolution for other amphibious and aquatic
weeds such as Eichhrornioa, Pistin, and Seshawia
and their associated insects. Also, from the stand-
point of biological control, the speciation that has

taken place in Agasicles provides an important |

hasis for comparison with two other important bi-
otie agents of alligatorweed, viz,, Awyuallivips an-
dersoni and Vogtia wallei, Neither of these two
unrelated monotypic genera has speciuted in South
America, and hoth insects have heen successiully
introduced into the United Stales along with
Agasicles hygrophita (Maddox et al. 1971 Brown

and Spencer 1973). The performance of these in-
sects in the biocontrol of alligatorweed during the
past few years and in the years ahead will provide
important information for testing the relation-
ship between the stages of the taxon cycle and the
competitiveness of a biccontrol agent. Already
monotypic Vogtia malloi is showing superior sup-
pressive capability over allipatorweed under some
conditions as compared with Agasicles hygrophila
{Spencer and Coulson 1976; Vogt et al., cited in
footnote 20). But monotypic Amynothrips ander-
sgni may be an enigma because it is showing only
limited dispersal capability {Spencer and Coulson
1976). In order that its natural dispersal capability
may be further determined, we urge that no further
artificial dissemination be made of Awmynothrips
beyond presently established colonies in Florida,
Georgia, and South Carolina. Slow dispersal of this
insect inthe United States may indicate absence of s
phoretic agent.

Agasicles clearly has an old, if not ancient, at-
tachment to the amphibious amaranths that is
obligatory. [ts evolutionary history indicates con-
tinuation of its confinement to aguatic habituats.
An insight inte future evolutionary possibilities be-
tween interacting alligatorweed and Agasicles hy-
grophila within the Southern United States may
he seen in this ilustrated presentation of the evo-
lutionary course that has taken place between the
amphiblous amaranths and Agasicles in South
America outside the geographic range of A. fiygro-
phite. No deviations from amphibicus amaranths
have occurred. Furthermore, in the Southern
United States, no indigenous apecies of Aliernan-
fliera and no aquatic or amphibious species of
plant has a stem structure that compares with alli-
gatorweed and might serve as a suitahle alternative
enclosure for pupating Agasicles hygrophila.
As compared wilh less specialized Disonycha
collatn and 1), panthomelas, Agasieles hygpropliita
aned its congeners, with thelr many unusual spe-
cializations, may be expected to have virtually no
potential Tor forming effective host-plant trans-
fers (disjunctions) in the Seuathern United States,

We consider further the perfeet transference of
the North Amevican fisongede collata and 1.
soptligmetas amd the imperfect orientation of ).
glabpeedne Lo tervestrial alligatorweed in the South-
ern Uniled States. Of these three North Amorican
fisup el species, only 12, glabrati reaches south-
ern South America, This species, rather than 7).
ettt oy D ranthomelax, may be the species nmost
closely related Wo 12, argertinensis inlragenerically.
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While less specialized Disonycha ranthomelas and
D. collata are important suppressants of terres-
trial alligatorweed in the Southern United States
(Quimby and Vogt 1974), they may not prove to be
as suppressive or as suppressive pangeographically
as the more specialized D. argentinensis {pp.
23-24),

The divergence of Agasicles from Disonycha
probably cccurred in the wetlands associated with
the Paraguay River and the Parand River, includ-
ing the vast Chaco and Pantanal. Moreover, the
divergence may have required this vastness, this
diversity of habitat, this geological history, because
no comparable divergence in disonychines occurred
in the much smaller area of wetlands in Mexico and
Central America, where Alternanthera obovaly
and possibly A. sessilic occvr indigenously and
where an Alternanthera-ori=uted flea beetle quite
comparable to Disenycha argentinensis exists in-
digenously in the form of D. collaic.

Agasteles hygrophila is the smallest species of its
genus, and its normal host plant, alligatorweed, is
considerably larger in stem diameter than the
slender-stemmed aquatic amaranth Alternanthera
sessilis. Under normal conditions, prepupal stem
entry by this flea beetle should not be hindered by
the host-plant stem diameter. However, under con-
ditions of heavy suppression by herbivores, regen-
eration of alligatorweed of reduced stem diameters
may constitute most of the surviving plants on some
sites. These reducticns can be restrictive on suc-
cessful metamorphosis of Agasicles hygrophila, be-
cause in nature, no species of Agasicles is known to
pupate outisde the host-plant stem internode, The
small size of A. hygrophile may also simply be an
expression of the restrictive effects on its evolu-
ticnary course of the reduced stem diameter cited
above. This interaction may be affected by competi-
tion with the Paraguay River form of Agasicles
opaca in the rather broad zone of overlap in their
ranges. Its small size may also be simply an expres-
sion ofaffinity with its closest extrageneric relative,
Disonycha argentinensis.

Biogeographical, seasonal, and ecological find-
ings on Agusicles in South America are consistent
with findings in North America on the progress of
the introduced vittate Agasicles hygrophila (Mad-
dox et al. 1971; Vogt et al., cited in footnote 20). The
less insolated seasons of spring and autumn are
more or less optimal for population increase. The
ameliorated climate of coastal regions is also more
favorable for population increase; these regions
usually include the only sites of permanent popula-
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tion foei as compared with the interior regions and
their continental climates. Humid, cloudy, warm
seasons favor population inerease as compared with
dry, sunny, hot seasons (Vogt et al., cited in foot-
note 20). Interior regions of colder latitudes may
have both too brief a period of warm, cloudy, moist
weather in the late spring and autumn for popula-
tion increase and too severe a winter for survival of
Agasicles hygrophila, which has no winter diapause
(Maddox 1968; Vogt et al., cited in footnote 8). We
doubt that this flea beetle will develop winter
diapause capability or otherwise adapt itself climat-
ically unless it is in the direction of improving its
orientation to favorable environments for overwin-
tering or for growth and development. The demon-
strated dispersal capability of Agasicles hygrophila
from its permanent population foei near the Gulf of
Mexico is an important consideration for employ-
ment of this insect on other continents (Vogt et al.,
cited in footnote 20). Considerations of introducing
Agasicles into tropical regions, such as Southeast
Asia, should ineclude the corresponding tropi-
cal species as well as the temperate to subtropical
A. hygrophila.

Considering Pimentel’s (1963) recommendation
for avoidance of host-parasite homeostasis in
biocontrol agents and considering the stage II posi-
tion of the Paraguay River form of Agasicles opace
in the taxon cycle, this flea beetle may be useful to
supplement A. hygrophila in suppressing al-
ligatorweed in the United States. Also, it may be
more tolerant of insolated conditions than A. hy-
grophila. However, for Pimentel's recommenda-
tions to hold, the preferred biocontrol agent may
necessarily have a geographic range execlusive of
that of the target weed,

With respect to the possible development of host
resistance to Agasicles hygrophila, the normal ei-
lipses and phenoclines may show the effect of the
interaction that, in time, results in marked
evelutionary change but survival of both members.
This is most apparent in Alternanthera hassleriana
versus the three faseiate Agasicles forms. Amelio-
ration of this interaction seems to have oceurred,
resulting in greater prevalence of both plant and
insect members in insolated lagoons of the
Paraguay and Amazon Basins. In contrast, the in-
teraction between alligatorweed and Agoesicles
hygrophila, which is probably the oldest involving
Agasicles, still tends to be extirpative to the detri-
ment of both the host plant and the dependent
insect. The other vittate species of Agasicies are
similarly extirpative,



The genus Disonycha ranges throughout the
Western Hemisphere and is older geologically than
Agasicles. D. argentinensis is somewhat apart
from its congeners, apparently in the direction
of Agasicles, with respeet to certain characteris-
ties of the adult (punctuation and form of head) and
of the larva (some reduction in prominence of body
tubercles and setae). The pupa, however, shows
no transitional features between Disonycha and
Agasicles. Also, the adult D. argentinensis is very
distinct from its suggested closest intrageneric rel-
ative, D. glabrata.

In view of the terrestrial habits of D. argenti-
nensis, there is probability that this insect is not
confined to the terrestrial growths of aguatic
amaranths, because there is on land such greater
diversity of both closely and distantly related
plants. However, only three terrestrial plants are
known as alternative hosts, All three are species of
Alternanthera, and it now seems unlikely that any
alternative hosts exist cutside this genus. None of
the North American species of Disonycha are con-
fined to plants of the genus Alternanthera except
possibly D. exintia of the Caribbean region. None
are so specialized in the direction of alligatorweed as
15 D. argentinensis of South America.

The more specialized host spectrum of Disonycha
argentinensis indicates that it may be a more effec-
tive biocontrol agent against terrestrial alligator-
weed than are the less specialized North American
species, D. ranthomelas and D, colluta (pp. 23-24).
There is a need to determine the relative virulence
or suppressive index for each of these three flea
beetles in its interaction with alligatorweed. This
should be done for both standardized and given
simulated (special) climatic conditions. Assuming
that the more specizlized D). argentinensis is the
more suppressive insect, it would have the potential
to displace both D. collata and D. ranthonielas on
alligatorweed, but it would have little or no effect
on either North American flea beetle on their
non-Alternanthere hosts. This problem involves
ecological nonanalogs and is discussed further in
Vogt and Cordo (1976). Also, assuming that the
mimetic predator-ectoparasites Lebia viridipenn is,
of Disonycha collaia, and Lebia analis, of D,
ranthomelas, are sufficiently host specific not to
attack D. argentinensis, the South American flea
beetle should have an added advantage. It would be
freed of its specific mimetic predator-ectoparasites,
Lebia securigera {mimetic) and L. concinna (non-
mimetic) (Vogt and Cordo, cited in footnote 15).
With these apparent features, Disonycha argen-

tinengis may prove to be the ideal specialized sup-
pressant to reduce alligatorweed along the banks of
drainage canals, bayous, lagoons, and ponds. This
flea beetle may show greater capability in following
rocted alligatorweed hehind receding waters than
either D. xanthomelas or D. collata. Also, [.
argentinensis should be important in the Guif of
Mexico region and in the Southeastern United
States where D. xanthomelas does not oceur (fig.
37) and where D. collata alone usually makes less
impact on alligatorweed than in the region where
both flea beetles occur in combination.

There can be little doubt that Disonycha ar-
genlinensis is a prime prospect for biocontrol of
bankside alligatorweed in California, Australia,
and wherever else Alternanthera-oriented species
of Disonycha do not indigenously occur. The
specialized host range of D. argentinensis should
make it a safe introduction in those regions,
whereas either Disonycha xanfhomelas or D.
collata could be destructive to various culti-
vated crops.

Of special interest is our proposal that introdue-
tion of one ecological homolog to compete with
another for weed control may create the situation
known as character displacement or ecological shift.
This situation may cause division of the shared
host-plant spectrum of the two homologs. The re-
sulting reduction in number of host plants available
to each homolog would constitute a process of
specialization. Therefore, if more specialized phy-
tophages are more efficient suppressants, the pro-
cess could lead to improved suppression, possibly
on the part of both insects. Besides division of
host-plant spectrum, character displacement, or
ecological shift, may occeur in other ways that result
inincreased specialization: by division of the ecolog-
ical range of the shared host plants; by division
between the homologs of the anatomy of the shared
host plants; and by the development of distinct
periodicity on the part of the insects. If character
displacement does not occur, one of the homologs
may be displaced geographically, or it may become
extinct. Geographical displacement may be ex-
pected to progress gradually but perceptibly within
a few years. It would be associated with the de-
velgpment of character displacement which could be
a very slow process. However, character displace-
ment must be included in any careful consideration
that is made of ecological homologs for possible in-
troduction to control weeds.

From the grand experimental standpoint, intro-
duction of Disonycha argentinensis into the South-
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ern United States might show to what degree the
hypothesis holds that the more specialized herbi-
vore is the more efficient host suppressant. From
another angle, such an introduction might show a
relationship between degree of specialization of
herbivore (consumer species) to environmental
stability or homeostasis. [t might help us to under-
stand why some specialized agents such as many
leaf miners are only lightly suppressive. Is it simply
because of parasite-predator pressure? In this con-
nection, but seemingly inconsistent while being
seemingly cogent, are the recently proposed rating
criteria for biotic agents in which Harris (1973)
downgrades specialization while emphasizing how
vitally the insect’s attack affects the plant. Yet
Frick (1974) judiciously points out that there are
two criteria of primary importance in choosing can-
didate insects for biocontrol: “(1) a narrow range of
host plants, none of which can be crop plants [a
manifestation of specialization] and (2) an attack by
the plant feeding stages (larvae, nymphs, adults) of
growing tissues vital to the plant rather than tissues
of little importance to plant growth such as senes-
cent foliage or pith.” The shift by phytophages from
more vital host tissues to those that are less sois an
obvious evolutionary course leading to homeostasis,
and it seems to have occurred in some specialized
leal miners that have shifted in orientation from
voung leaves to older leaves. However, we recog-
nize no comparable shift having vecurred in any of
the Disounycha oviented to Alfernanthera.
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We close with consideration of still another view
expressed by Huffaker et al. (1971); “Theoretically,
general predators tend to serve as regulators of
community stability while specialists tend to regu-
late single species stability. . . . There is no sharp
line; the two are interrelated. . . .” With this view
in mind it seems clear to consider the gypsy moth,
Lypnantria dispar, as an exotic organism and as a
general predator that is capable of regulating com-
munity stability in the Eastern North American
forest formation. Presumably, this insect can be
considered to have similar but reduced capability in
its indigenous range in the Old World. Also, we may
consider without semantic difficulties that both
specialized Agasicles I ygrophila and Vogtia malloi
are capable of regulating alligatorweed, both in its
indigenous ranges in South America and in the
Southern United States.

This field-oriented svstematic study of a biocon-
trol agent and related species together with their
host plants is intended to complement laboratory
studies emploved in the screening of biocontrol
agents, The field-oriented systematic approach af-
fords contextual perspective not usually or readily
obtainable in laboratory screening studies. Much
of the type of information that field-oriented sys-
tematic stucies ure based upon is stored in bio-
logical collections, but beth field stv’ s and the
biological literature are necessary for .evelopment
of the context.
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APPENDIX

Analytical Data for Measured Flea Beetle and
Amphibious Amaranth Characters

Table A-1.—Composition of measured samples of host plants

Alternanthera species
and growth habit

A, philorervides: regeneration of Aguasicles-
suppressed plants; leaves of each stem infested
with larvae. Fig. 48, ellipse D (1 =12).

A, philareraides: at margin of incipient mal, float-
ing, possibly approaching a form with a cordlike
attachment. Figs. 47 and 48, peint E.

A. philoreraides; usually competing amonyr erect
siems; collected within the known range of the
viltate species of Agasicles. Fig. 47, ellipse C
{n=881and fig, 45, ellipse {* {n =92).+

Do,

Ser fontnotes al enrd of Lable,

136

Number
of stemns Locality
measured
12 Banks of Reconquista River near Caste-
lar, Buenos Aires Provinee, Argentina.

1 Laguna Espejo near Santa Fe, Bante Fe
Provinee, Argenlina.

17 Deltaic marshland at head of the Guaiba
River, Itha do Pavdo, Rio Gramde do Sul
State, Brazil,

3 Roadside pools near San Miguel del Monte,
Buenos Aires Provinee, Argentina.

T Deltaic swamp, Brazo Largo near Yaravi,
Entrs Rios Province, Argentina.

3 Deltaie marshland, Rin de lus Palmas cear
Campana, Buenos Aires Province,
Argenting.

1 Lapuna Espejo near SBantz Fe, Santa Fe
Provinee, Argentina.

] Arroya Riachuelo near Corrientes, Cor-
rientes Provinee, Argentina.

2 Nuzaingn, Corrientes Provinee, Argenting

1 itd-l1haté, Corrienles Provines, Argenting

2 Streetside ditches, Posadas, Misiones Pro-
vinee, Argentina.

ki Shallow cove of Parand River at Posadas,
Misiones Provinee, Argentina.

4 Dirying lagoons along Paraguay River appo-
site Asuncion, Parpguay,

2 Nelta 179 of Ttajai River at Najar, Santa
Cularna State, Bzl

4 Praia Braba, justsouth of Cubepulas, Sania
Catarina State, Hrazil,

5 Paranagun, Parans State, Brazil ... ..
14 Digue distriet, Salvaidor, Bahia State,
Braxil,

4 Vermelho River near Salvador, Bahia
State, Braxil.

T Salvador, Bahia State, Braxil ... ... ..

Suppressant
Agasicles
spevies

AL hygrophite.

Da.

Do,

Do.
Dao.

Dao.

D,
Do,
Do,
.
13,
Do,
Do,
ALronnera.

1Jer,

3.
A aterrugpiians,

da,

13,




Table A~1.—Composition of measured samples of host plants—Continued

Allernanthera species
and growth habit

Number
of stems
measured

Locality

Suppressant
Agasicles
species

A. philoxeroides; usually competing among erect
stems; collected within the known range of the
vittate species of Agasicles. Fig. 47, ellipse C
{n=88) and fig_ 48, ellipse C (n=92).1 Continued

Do

A. sessilis; competing among erect stems. Figs.

47 and 48, eliipse F {n=28).

A. hassleriang; free floating but with cordlike
attachment. Figs. 47 and 48, ellipse B (n=13).

A. khassleriana; competing among large Eick-
horaia at edge of dry lagoon {the normally float-
ing plants from the dry lagoons are unsuitable
for measurement). Figs. 47 and 48, points A.

11

Banks of Amazon River at Leticia, Ama-
zonas, Colombia,

lquitos, Loreto Department, Peru

Husllage River near Tulomayo, Hudnuco
Department, Peru.

Streetside diteh, Pueallpa, Loreto Depart-
ment, Peru,

Banks Amazon River at Leticia, Amazonas,
Colombia.

Ilhka Careira, Amazon River, Amazonas
State, Brazil.

Lago Branco, Monte Alegre, Pard State,
Brazil,

Drying lagoons along Paraguay River
opposite Asuncidén, Paraguay.

'An inadvertent mismatch of samples of measured specimens is represented by n=588 and n=92.
2Accessioned specimens of U.5. National Herbarium.

A. vittola.
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Table A-2.—Measurement reliability for four characters of Alternanthera philoxervides and A. hassleriana herbarium

specimens'
[Millineters]
Memsurement date, 1972 cv bleasurement date, 1972 cv
Character? : : Meun sD % D : [--:L 5D %)
Juy 1l July27  August 16 (% July 1l July27  August 16
A, phifoxeraiies (specimen 2138w A, phiforernides (specimen 2138-h}
Int'n¥W1 _...... ... 3.800 3.800 3,900 3833 0.0577 002 1. 000 T.000 T.000 7000 0000 0.0
Intm L ..o, 41.50 42,00 42.00 41.B3 JUERT 01 80.00 T9.80 81,10 80,27 5429 .M
Ascdng Lo .....o. ... 240.0 245.0 243.0 2427 2.5166 .01 247.0 265.0 260.0 254.0 G.557 .03
lat'n W3 ... ..... 7000 G000 6,500 G.400 500 08 300 6,700 T7.300 5.633 3215 .06
AL hassferienn (specimen 123 1-a) AL Basslerione (speeimen 12311
IntmW1l ..., 16,000 15. 000 16.500 16,167 0.2487 0.18 18.000 16,000 16,000 16.667 1.1547 407
intnL ............ 4500 45,00 42 00 45,000 3.000 07 45,00 45, (W} 4500 45,67 AT m
Asedng Lo ... oL.L.. 15000 i5. 000 17.00) 15.84 1.408 N 12,00 12,00 10,00 11.333 1,1547 A0
Intn Wl ........ 1000 8,500 T.000 T.823 .T638 .10 5.50K) .05

Hn Vogt's herbarium, SD, Standard deviation. CV, Coeffielent of varation.

2Abbreviations are identified in tabla 3,

6.000 G.000

5.833 2887



Table A-3.—Composition of measured samples of flea beetles

Flea beetle

Number
measured

2

3

Locality

Allernanthera
host-plant

species

Unused
preserved
epecimens

Disonycha argentinensis .. ..

Agasicles hygrophila (n=45 2,
4123}

Agasicles connexa

Agasicles inlerrogationis
{(n=189,184).

Agasicles villata (n=149,

Agasicles opaca, Paraguay
and Amazon River forms
combined (n=31 2,283 ).

8

8

Failow dry fields near Reconquista River and Caste-
iar, Buenos Aires Province, Argentina.

Vila Nova, Rio Grande do Sul State, Brazil

Ilha de Pavie, Rio Grande do Sul State, Brazi

Montevideo, Uruguay

San Miguel del Monte, Buenos Aires Province, Ar-
gentina.

Yaravi, Entre Rios Province, Argentina

Ric de las Palmas near Campana, Buencs Aires Prov-
inee, Argentina.

Reconquista River near Castelar and Las Barrancas,
Buenos Aires Provinee, Argentina.

Santa Fe, Santa Fe Province, Argentina

Arroyz Riachuelo near Corrientes, Corrientes Prov-
ince, Argentina.

Itajaf, Santa Catarina State, Brazit
Digue distriet, Salvador, Bahiz State, Brazil

Cachoeira River near Itabuna, Bahia State, Bra-
2il

Hupallaga River near Tingo Maria, Peru

Huallaga River near Tulomayo, Peru
Amazon River near Leticiz, Colombia

Shallow, pristine lagoons along Riachuelo Antiquera
above Puerto Antiquera, Chace Province, Argen-
tina.

Turbid lagoons, disturbed by cattle, near Barran-
queras, Chaco Province, Argentina.

Seasonally dry lagoons along Paraguay River oppo-
site Asuncién, Paraguay.

Lago Careira, dear-water lagoon of Amazon flood
plain below Manaus, Amazonas State, Brazil.

Clear, pristine “varzea” lagoon of Amazon flood
plain near Monte Alegre, Pard State, Brazil.

A. philoreroides . ..

A. philozercides
and A. sessilis.

A.hargleriana ...

A. hassleriana and

A. philoxeraides.

A. hassleriana,

A, philoxeroides.

and A. zessilis,
A. hagsleriana

41
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Charaeter?

TRL
EWw
BTh
HL
Hw
LAty
10W
Prl.
Prww
EL
[T
U
Pri.
Py
MTL
AL
3AL
dal
aAL
BAL
TAL
TAW

Table A—4.—Measurement reliability for 22 characters of preserved Agasicles kygropkila spe

T Aphl1s

A,
2

I

1
2

Specimen Ag—435, ¥

Measurement date, 1972

HM
150

LI
AbA
Aas
N7
i
L
285
L350

L

AT
(205
ot
217
SO0
s
20
102
G
040
OG0

Mayd

5
2

L

de —

b

A0
440
890
530
014
75
210
045
310
.000
502
a6
343
920
248
550
081
120
108
091
095
037

June &

5.500
2450
1550
421
S8R
A2
221
1M
1310
3. %00
1
2T
281
454
1.279
2.800
8
J120
07
056G
050
053

Mean
{rmm)

5.500
.68
LT
4T3
1.0+
073
218
1.mg
1305
3.950
Rily]
365
307
BT
1.245
2787
83
120
105
084
.082
057

5D
[mm)

8.000
L2531
(NG
055
008
002
AT
024
064
030
09
LHIH
03
.01
03
.081
2
060
.o03
003
(4
003

Y
(%)

0.0
1.1%

116G

n Vayrt's collection. 8D, Stundard deviation. CV, Coefficient of variation.
*The abbreviations are klentified in table 4, The measuremeunts are ilustrated in Gg. 46.

Measurement date, 1972

April 15

G.100
2,500
1,900
468
967
06
209
ST
814
.10
562
205
B1E
858
1188
2.0610
090
125
.0599
055
050
. i)

-

Specimen Ag—36, 9

Iiay 3 June 5

5.500
2 600
1.810
A37
R
.Dis5
203
536
1.310
4060
GBS
L2065
312

5. 700
260
1.850
S90
G4
.061
.203
.952
1.310
4.120
24
281
281
B39
1.27%
2720
077
120
101
RILLH
i
A53

cimens’

R
Mean SD
{mm} (mm)
5,767 0.306
2 600 A
1.887 032

432 039
96T 03
062 003
205 Q04
952 16
L.310 G0
4,103 RiE
G614 Nilh.1
VETO4 09
302 Rilt.1
L8840 024
1.238 048
2.677 L1589
0780 008
119 08
1M L
08 603
92 00
057 003

v
(%)

53

=3

o
-

11.6




Table A-5.—Means, standard deviations (SD), and coefficients of correlation (r) for the two pairs of
characters measured in three Alternanthera species

[Millimeters]

Correlated Alternanthera Alternanthera Alternanthera Attmnttﬁem
characters! sessilis hassleriana philozeroides philoxeroudes

= = —88 regeneration
¥ {n=28) (n=13) (n=88) e 12)

Asedng L Int'n W3:

35.32
1.4086
8.577

.2516
L3581

iCharacter abbreviations are identified in table 3.

Table A—6.—Means, standard deviations (SD), and coefficients of correlation {r) for the 11 pairs of
characters measured in females of the 6 flea beetle species

[Millimeters]

Correlated Disonycha Agasicles Agasicles
_tharacters! argentinensis hygrophila connera . s vittata apace
(1n=6) tn=45) (1=5) tnterrogalionis (e=14)

Agusicles Agasicles Agasicles

1,6834 1.2146 1.3291 1.3284
8112 9276 10577 1.0109
.0422 0871 0710 0622
.0197 0504 .0366 .0386
5615 8297 8964 7959

3.9233 3.8533 4.0700 4.3886
2.5383 2.2702 2.4780 2.4143
0852 2444 2225 1747
0376 1644 1158 .1289
7251 5851 8507 -8898

5.4167 5.4109 5.7800 6.2429
1.6950 1.6958 1.8000 1.5400
1169 A568 .2387 . 1785
0384 1245 0612 . L1285
6735 1204 9405 . 8352

1.0389 9441 1.0083 . 9621
6096 AD36 4867 - 4829
0273 0411 .0206 . 0287
.0426 L0341 017 . 0342
4857 .b699 —.3176 .o61l

See fontnotes at end of table.




Table A-6.—Means, standard deviations (SD), and coefficients of correlation (r) for the 11 pairs of
characters measured in females of the 6 flea beetle speries—Continued

[Millimeters]
Correlated Disonycha Agasicles Agasicles . Agasicles Agasicles
characters? argentinensis hygrophila CONNETE . Agaswi;e s - vittato opaca
% y (n=6) (n=45) (n=5) interrogationss (m=14) (n=31)
IOW AW
Mean....xz L2397 .2068 2129 .1963 L2001 2716
% 0847 0677 .0568 0847 0718 L0944
SD ... T 0117 .0100 0053 0075 L0077 .0126
Y 0070 0046 L0024 Q050 .0G51 . 0062
e e 9092 4128 G488 3057 5220 .5808
Uzw  UNw
Mean .... = ' 8562 3596 .6259 7448 5837 1.0678
i 4732 4618 L2952 2378 .2.5B8 3306
SDh...... ' 0428 .0818 L0408 L0490 L0336 08930
i .0780 .0833 L0679 .0542 0435 1017
L —.8866 ~.3415 2947 —.4279 —.2531 —.3395
AL MTL:
Mean .... x 2.6450 2.5860 2.7700 3.1328 3.1779 3.3852
Yy 1.2064 1.1282 1.2199 1.3676 1.3683 1.5323
SDh...... x 0464 .1428 .1483 1419 08T L2052
Y L0470 0677 0473 0579 0881 1029
P e L5157 .T910 .B502 5046 7345 6586
4A1, 3AL
Mean ....z .1037 1120 .1093 1334 1375 1517
Y .0922 0736 .0825 .0394 0923 .1050
SD...... Frd 0065 084 0149 0094 0091 L0122
Y 0055 0079 .0130 0075 0072 L0084
U —.0672 5231 —.1724 .b220 .4826 .5004
8AL SAL:
Mean .... .0937 .0963 L1017 1216 1205 .1314
¥ (807 D80G 0857 1141 L1081 1218
S0, z .0@31 0074 0042 .0G58 0078 L0118
i .0050 0064 0060 0051 0076 0079
£ 4629 8812 7071 3949 8308 6207
TAL  TAW:
Mean .... x (0877 0944 1041 1088 1681 1345
Y 0592 L0651 0592 0520 0565 L0840
SD...... x 0072 0065 0033 .0636 L0079 L0116
Yy 0010 0046 L0071 0034 .0G49 0096
F i L1974 6634 —.3059 4849 —.1688 .5875
PYW PYL
Mean ....x ,T800 .8033 .8611 .B958 L9101 1.0482
Y .2600 2718 2683 8130 52156 .4932
SD...... x 0261 0508 .0131 .0328 .3423 0554
7 01689 0341 .71 0670 0697 D694
Pt —.5508 2608 —.8729 —.(546 1847 0555

*Character abbreviations are identified in table 4. The measurements areillustrated in fig, 46.
in =18 except for the PYW-PYL correlation, where n=17.
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Table A-7.—Means, standard deviations (SD), and coefficients of correlation (r) for the 11 pairs of
characters measured in males of the 6 flea beetle species
[Millimeters]

Corre!atedx Disonycha Agasicles Agasicles Agasicies Agasicles Agasicles
_characters! o entinensis hygrophila connera interrogationis vittata opaca

y tn==06) fn=42) {r=10} {(n=18) (=23} {n=28)

1187 1.208 1.698
.48 .gas 1.289
0548 0500 0868
0338 .6382 0830
L7380 -B614 .B2o2

4.054 40200 4.982

2138 2.1621 3.020
.2922 2505 4137
1128 1064 2145
.5566 .B646 8101

o.444 6.736

1612 2.182
1977 . 4388
L1228 . .1588
3720 . 6676

811 . 1.123

4378 . .5083
0223 . 0523
0468 . 480
235 : .5162

AT . 2614
6571 . 0881
0083 . L0160
L0053 . G085

1338

877
2997
0697
0618
-.0311

3.666

1.553
.2681
100G
5854

See footnotes at end of table.




Table A-7.-Means, standard deviations (SD), and coefficients of correlation () for the 11 pairs of
characters measured in males of the 6 flea beetle species—Continued

[Milimeters]

Correlated Disonycha Agasicles Agasicles Agagicles Agasicles
characters! argentinensis hygrophile conner. interrogationis vittata
z ¥ {(n="6) (n=42) {n=10) (n=18} (=23}

AL 5AL—Continued:
L1357 425 .DB6B

0867 .0921 . 1055
0548 0214 0872 0504
0076 .0055 0072 D057
0024 00387 0028 .002¢
1936 5436 3984 2807

.T056 .7354 L7441 .71982
2886 2525 2387 2470
0484 0410 0368 .0309
0237 471 .0541 0398

1375 5286 —.0892

ICharzcter abbreviations are identified in table 4. The measurements are illustrated in fig. 46.

Table A-8.—Mean:, standard deviations (SD},
and coefficients of correlation (r) for the
measurements of pronotal width (PrW) and
length (PrL) of the combined vittate Agasicles
species’

[Millimeters]
Correlated

characters Females Malcz
PrW (x) and (n=82) {n=93)

1.2596 1.1601
L9696 9103
079 0753
0647 .0686
.§738 8338

tAgusicles hygrophila, A. ronnera, A. interrogationis, and
A, riflata.




Table A-9.—Composition of measured samples of Agasicles opaca supplemented in 1975 and divided
into three geographic forms

Number
measured

? d

Flea beetle Locality

Unusged
preserved
specimens

Alternanthera
host-plant
species

Paraguay River form m=379, 2 1
374 ).

Shallew, pristine lageons along Riachuelo Antiquera
above Puerto Antiquera,
10 Shallow, clear lagoons below Puerto Antiguera
11 Turbid lagoons, disturbed by cattle, near Barran-
queras.
2 Ditches with high biochemical axygen demands, east side,
Formosa, Formosa Province, Argentina (terra firma).
1 Drylagoons along Paraguay River opposite
Asuncion, Paraguay.
Disturbed pond near Lugue, Paraguay (terra firma)
Shallow hackwater of Lago Ypacarai west of Luque, Para-
guay (terra firma}.
Shallow, turbid roadside ponds near Paraguay River and
north of Asundén, Paraguay (terra firma).
Backwaters along Paraguay River at Corumb4,
Mato Grosso State, Bragil.

Plains of Mojés form (n=
159,154 ).

Shallow ponds scattered over Plains of Mojés east of
Trinidad, Beni Department, Bolivia.

Lower Amazon River form
m=18%,154).

Lago Careira, clear-water lagoon of the Amazon flood
plain, below Manaus, Amazonas State, Brazil.

Clear, pristine '‘varzea” lagoon of the Amazon flood plain
near Monte Alegre, Pard State, Brazil,

A. hassteriana

A hassleriana and
A. philorerpides.
A. philoxeroides

A. hassleriana and
A. philoxeroides.
A. philoxeroides

A hassteriane

A. hasslerigang and
A, philoxeroides.

A, hassterivcna

A. hassleriuna,
A, philorergides,
and A, gessilis,
A, hassteriuna ... .. 0

1Below confluence of Paraguay and Parand Rivers, Chaco Province, Argentina,
zAbove confluence of Paraguay and Parand Rivers.




Table A-10.—Means, standard deviations {(SD), and coefficients of correlation {r) for the 11 pairs of characters measured
in females of 3 geographic forms of Agasicles opaca

| Millimeters]

Correlated Paraguay Plains of Lower Amazon | i Correlated Paraguay Flains of Lower Amazon

o {(n=37)

=15} =18} (=37} (=15} =18}

_characters? River form Mojds form River form ¢ i characters' River form Maojds farm ftiver form

Pr : . :
Mear ... 19448 1.9620 2.0124 ] an ... 3.3102 3.3846 3.3039
1.3925 14443 1.5079 1 1.6671 1.6786 1.8726
1287 0966 L0811 : .1799 L1480 2367
0927 0468 0618 ; 1034 1015 1154
8587 4283 G658 : 7863 3966 6317

5. (IS0 4.9883 5.3844 e A118 419 Anze
3.2428 22431 34100 ; 2817 2679 2934
3052 L2404 .2817 i 0307 (0317 0422
L2729 L1170 1794 .0216 0127 0297
7078 4335 9007 : 5483 4072 6848

7.0122 6. 3475 79778 . .3537 L3807 3825
22601 2.13p42 24472 ; .3268 . .3523
4927 L2695 4930 i 0264 . .0392
1604 0101 1064 i 021 ) 0234
7829 4378 A026 - - .4992 ) L6214
L TAL
1.2402 L2410 13051 x 3560 : 3928
A 482 BE12 P 220G . 2560
0489 45 0600 i : 0241 ) 0343
0237 0383 0570 i 0262 . 0248
; A4T60 3528 L1894 [ .Ga17 . .B466
[OW  IAW: .
Mean .... .T465 T487 7801 H an ... .1481 (1830
2452 2618 L2748 - 1 5704 5442
0410 0386 0336 . 0734 0440
L0218 0271 0143 i 0637 0690
SR |1 11 3988 L2868 L . 2382 2597
UZW W i
Mean .... ¢ 11857 11484 1.1188
.2597 2487 L4376
L0865 0582 _{DB15
0606 780 0751
0441 ~ 4689 ,.5785

Character abbrevialions are identified in table 4. The measurements are itlustrate 1 in fig. 46.
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Table A-11.~Means, standard deviations (SD}, and coefficients of correlation {) for the 11 pairs of characters measured
in males of 3 geographic forms of Agasicles opaca

| Miliimeters)
Comelated Paraguay Plains of Lower Amazon Correlated Paragaay Plains of Lower A mazan
characters! River farm Mojds form River form . characters! River form Mojos form River furm
- i n=3% (=15) {n=15) & y =37} {tr=215) {n=15)
P 'rL: : Al MTL:
Mean ... x b RURG 15088 15264 Mean ... » 4,383 3.4221 3.3831
¥ 1.3012 13912 1AL ¥ 16184 15735 1.5144
50 ... x 74T U356 JED1 D 5D ...... pS L2038 .1207 2038
¥ HISE D570 0532 ¥ 1077 0726 1077
P immcnraienn STIGG 5105 B3y L . {11 AT BT07
EL  EW: ' 4AL 3AL:
Mea ... x 405312 4.6740 &, W66 Meoan ... x A2 4199 4194
] 2 3461 2.55 3,330 ¥ 208 (2699 G0
3D ... x L3072 1977 3300 SD...... x 0417 L0205 0219
W 15T A16s L1533 i L3258 LR 265
T .T255 A164 Sh0G : B e Rits L6086 2262
BL  BTh , BAL  BAL:
Moan ... r G.3504 84497 G067 Mown ... . r JABT0 4825 A183
i 20318 20705 2266T S ] 284 B3 L3TO
SD...... r 3763 3504 2615 . 8D ... r 27T 0236 0219
i L1273 804 0T i (0213 RIS 02558
e JB143 B339 T2 | A g892 3202
HwW HLl: TAL TAW:
Meun ..., ¥ 1. 1916 1, 1938 1, 2580 Mean ... 3614 AB5% Al
¥ L5951 G206 S0 i ¥ 2264 2137 2437
sD ... r a7 L0152 500 S0 ... x L0271 0204 259
I B9 L0205 538 I 0245 0117 i3l
| S G037 0257 3890 | 472 ~.0031 A413
10W LAW: PyW PvL:
Mean ... & 107 T2z T30 Meun .. . r 1,0611 1.1151 1. 1409
i L2236 2322 L2513 i A 08 40894
S0, r 0403 G323 L0404 ] 2 U £ 88 W27 0502
I JELT 0248 7Y i 06TL LHB6 1024
P e e 3246 ReHr BRI P i L2091 L2712 - 3503
L2 L.
Wean ... x 105598 10897 10790
¥ 2605 2485 3807
SD...... r 0752 L0615 0583
¥ 0519 0G4 O}
P e e - {52 0705 -.0314

'WCharmcier abbreviations iea identified in table 4. The measurentents ave ilustrated in fig, 48,




Specific Names Referred to in Text, With Authors

Agasicles:
connerae {Boheman)
hygrophila Selman and Vogt
inferropationis (Clark)
opace Bechyné
vittata Jacoby
Agromyza alternantherae Spencer
Allernanthera:
ficoidea (L.YR. Br,
halimifolia {Lam.) Standl.
ex Pittier
hassiertana Chod.
kurzii Schinz ex Pedersen
wmaritiung (Mart.} St. Hil.
chovatu (M. and G.) Killip
paronychinides St. Hilaire
philorervides {Mart.) Griseb.
pungens H, B. K.
reineckti Brig.
repens (L.) Steud.
sessilis (L) R, Br.
tetramera Fries
Altica: .
folizcea LeConte
{digata Fait
marevagans Horn
Amynothrips andersont O Neilt
Anolis ciirysolepis Duméril and Bibron

148

Beta vulgaris L.
Chenopodivm album L.
Coleomegilla quedrifasciata Schénh.
Disonycha:
argentinensis Jacoby
bicarinaic Boheman
camposi Barber
collata (F.)
conjugata (F.)
conjuncta Germ,
eximia Harold
glabrata (F.)
fimbicollis (Le Conte)
pennsylvanica (Iliger)
politula Horn
procera Casey
proliza Harold
reclicollis Jacoby
triangularis (Say)
wniguttaic (Say)
ranthomelas (Dalman)
Drosophila melanogaster Meig.
Erynephala maritima (Le Conte)
Herpetogramma bipimctalis (F.)
Iresine diffusa H. and B.
Lebia:
analis Dejean
concinna Brullé

Lebia—
Continued:
securigera Chaudoir
viridipenais Dejean
Ludwigie peploides (H. B. K.) Raven
Lymantria digpar{L.)
Lysathia:
flavipes (Beheman)
tudoviciana {Fall)
Melanagromyza;
alternantherae Spencer
wmarellii {Brethes)
Musca domestica L.
Cenothera biennis L.
Ophiormyia sp. poss. buscki {Frost)
Phaedon (Paraphaedon)
twmidulus Germar
Philoxerus:
portulacoides St. Hil.
vermicularis {L.) R. Br.
Phoenicia sericata Meigen
Pyrrhatia (Galerncetla)
nymphoeae (L.)
Sagra fermorate (Drury)
Spinacia oleracea L.
Stellarig media (L.)Cyz;il]o
Trianthema portuiacastrum L.
Vogtia malle{ Pastrana
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