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Anisodactylus (Pseudaplocentrus) laetus Dejean. Lake Chicot State Park, Louisiana (body length of specimen 8.5 mm.).
Photograph by J. Scott.
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The North American species of Anisotarsus Chaudoir, Notiobia (s. str.) Perty, and Gynan-
drotarsus LaFerté together with all supra-specific taxa of the subtribe Anisodactylina are re-
vised. Keys and descriptions are provided to revised species and all supra-specific taxa. Mor-
phological characters useful in distinguishing taxa are discussed and illustrated. Synonyms of
revised taxa are listed and reasons for regarding them as synonyms discussed. Where neces-
sary, lectotypes, neotypes, and type species are designated. The distribution of each revised
species is described in the text and also illustrated by a map. Geographical and intrapopula-
tional variation of the revised species are analyzed, and available information on flight and
bionomics is also presented.

The genus-group taxa Notiobia (s. str.) and Anisotarsus are treated as subgenera of Noti-
obia (s. lat.). Thirteen species are recognized in the subgenus Anisotarsus; one of these,
schlingeri (type locality 12.4 mi. s. Tecalitlan, Jalisco, Mexico) is new. Ten species are recog-
nized in the subgenus Notiobia with cooperi (type locality Tepic, Nayarit, Mexico) and
ewarti (type locality Coyame, Lake Catemaco, Veracruz, Mexico) being new species. The
subgenus Gynandrotarsus (genus Anisodactylus) is considered to have 10 valid species, in-
cluding a new one, darlingtoni (type locality e. of Morelia on Rte. 15, Michoacan, Mexico ).

Thirty-seven genera and subgenera and 24 genera are regarded as members of Anisodac-
tylina. Three of the 37 genera and subgenera are new: the genus Pseudanisotarsus (type spe-
cies Anisotarsus nicki van Emden, 1953); and the subgenera Pseudanisodactylus (rype spe-
cies Anisodactylus punctatipennis Morawitz, 1862) and Pseudaplocentrus ( type species Ani-
sodactylus laetus Dejean, 1829) of the genus Anisodactylus. The subgeneric name ‘‘Pseud-
hexatrichus’ (genus Anisodactylus) is validated with Anisodactylus dejeani Buquet, 1840
designated as type species. Progonochaetus basilewski is proposed as a replacement name for
Dichaetochilus jeanneli Basilewsky, 1946 because both D. jeanneli Basilewsky, 1946 and
Rasnodactylus jeanneli Basilewsky, 1946 are regarded as members of the genus Progono-
chaetus.

The phylogenies of the supra-specific taxa and revised species of Anisotarsus and Gynan-
drotarsus are reconstructed by cladistic techniques slightly modified from those proposed
by Hennig. Analysis of the supra-specific reconstructed phylogeny indicates: that primitive
taxa are concentrated in the Australian Region with more derived ones concentrated in the
Northern Hemisphere; and that now widely separated continents such as Africa and South
America contain ‘‘sister” taxa (sensu Hennig). It is postulated that the Anisodactylines
evolved on the combined continents of Australia and Antarctica during late Jurassic or early
Cretaceous and dispersed northward during phases of continental drift. The zoogeography
of the genera and subgenera of Anisodactylina is discussed in detail.

Study of the reconstructed phylogeny of North American species of Anisotarsus and ex-
amination of South American species suggest that the North American species are derived
from 2 separate invasions of South American ancestors. Present North American species
distributions are studied and explained by reference to past North American climatic, geo-
logical, faunal, and floral changes.

Since the closest cladistic relatives of many North American species of Notiobia (s. str.)
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seem to be Middle or South American forms which are poorly known, it is concluded that
reconstruction of the phylogeny of North American species must be deferred.

The closest cladistic relative of Gynandrotarsus is Pseudodichirus which is the more prim-
itive of the 2 groups and is found in Europe. It is postulated that the ancestor of Gynandro-
tarsvs crossed from Europe to North America during very late Cretaceous or early Tertiary
via the then broad land connection between Europe and eastern North America. Present spe-
cies distributions are studied and explained by reference to past North American climatic,
geological, faunal and floral changes.

Les espéces nord-américaines d’Anisotarsus Chaudoir, Notiobia (s. str.) Perty et Gynan-
drotarsus LaFerté et tous les taxa suprageneriques de la sous-tribu Anisodactylina sont revus.
Des clefs et des descriptions sont pourvues pour les espéces revues et pour tout taxa supra-
specifiques. Tout caractére morphologique jugé utile est discuté et illustré. Une liste des syn-
onymes est pourvue, et chaque cas est discuté. Lorsque nécessaire, les lectotypes, les néo-
types et les espéces type sont designés. La distribution géographique de chaque espéce revue
est déscrite dans le texte et illustré par une carte géographique. Les variations géographiques
et les variations @ intérieur des populations est analysées pour les espéces revues, et lorsque
linformation est disponible les données sur le vol et la bionomique sont présentées.

Les genres Notiobia (s. str.) et Anisotarsus sont traités comme sous-genres des Notiobia
(s. lat.). Treize espéces sont reconnues dans le sous-genre Anisotarsus,; l'une d’elle est nou-
velle, schlingeri (localité type 12.4 mi. s. Tecalitlan, Jalisco, Mexico). Dix espéces sont re-
connues dans le sous-genre Notiobia avec cooperi (localité type Tepic, Nayarit, Mexico)
et ewarti (localité type Coyame, lake Catemaco, Veracruz, Mexico) comme espéces nou-
velles.

Trente-sept genres et sous-genres, et 24 genres sont reconnus comme membres des Aniso-
dactylina. Trois d’entre eux sont nouveaux. le genre Pseudanisotarsus (espéce type Aniso-
tarsus nicki van Emden, 1953); et dans le genre Anisodactylus les sous-genres Pseudaniso-
dactylus (Espéce rype Anisodactylus punctatipennis Morawitz, 1862) et Pseudaplocentrus
(espéce type Anisodactylus laetus Dejean, 1829). Le nom sous-générique ‘‘Pseudhexatrichus”
du genre Anisodactylus est valide, et I’Anisodactylus dejeani Buquet, 1840 est désigné
comme l'espéce type. Progonochaetus basilewski est proposé comme un nom de remplace-
ment pour Dichaetochilus jeanneli Basilewsky, 1946 car D. jeanneli Basilewsky, 1946, et
Rasnodactylus jeanneli Basilewsky, 1946 sont considérés comme membres du genre Pro-
gonochaetus.

Les phylogénies des taxa supra-spécifiques et des espéces d’Anisotarsus et de Gynandro-
tarsus sont reconstruites au moyen de techniques cladistiques légérement modifiées de celles
proposées par Hennig. L’analyse de la phylogénie reconstruite pour les taxa supra-specifiques
indique que les taxa primitifs sont concentrés dans la région Australienne, que les plus
evolués sont concentrés dans I'hémisphére nord, et que UAfrique et ’Amérique du sud, mal-
gré les grandes distances entre elles, contiennent présentement des taxa soeurs. Il est post-
ulé que les Anisodactylines ont evolué sur les continents combinés d’Australie et d’Antarc-
tique & la fin du Jurassique ou au début du Crétacé, et plus tard ils se dispersérent vers le
nord durant les phases de la dérive continentale. La zoogéographie des genres et sous-genres
des Anisodactylina est discutée en detail.

. L’étude de la phylogénie reconstruite des espéces d’ Anisotarsus nord americains et I'exam-
ination des espéces sud americaines suggérent que les espéces nord americaines sont originées
lors de deux invasions d’ancétres sud americains. La distribution présente des espéces nord
americaines sont etudiée et expliquée en relation aux anciens climats, et changements geolo-
giques, faunistiques et floristiques en Amerique du nord.
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Comme les espéces les plus voisines cladistiquement de plusieurs espéces nord americaines
de Notiobia (s. str.) semblent appartenir @ des formes peu connues I’Ameriques central et
d’Amérique du sud, il est conclu. que la reconstriction de la phylogénie des espéces nord
americaines doit étre remise d plus tard.

Le sous-genre le plus voisin cladistiquement des Gynandrotarsus est Pseudodichirus qui
est le moins evolué des deux groups. Ce dernier sous-genre est trouvé en Europe. 1l est post-
ulé que l'ancétre des Gynandrotarsus traversa d’Europe d I’Amerique du nord a la fin du Cré-
tacé ou au début du Tertiaire par une connection terrestre trés large entre I’Europe et lest
de I'Amerique du nord. La distribution présente des espéces est étudiée et expliquée en re-
lation aux anciens climats, et aux changements géologiques faunistiques et floristiques nord
americains.
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INTRODUCTION

My interest in the subtribe Anisodactylina began in 1967 when I revised the species of the
genus Dicheirus, a member of Anisodactylina. In order to better understand the relation-
ships of Dicheirus to other genera of Carabidae, I examined specimens of other groups of
Anisodactylina and reviewed the literature on the subtribe. I found that the supra-specific
classification of the subtribe was in great need of revision since workers had added and de-
leted genera until one could only state that the subtribe contained approximately 40
genera. | also found that the species of many genera and subgenera of Anisodactylina were
in need of revision.

I have undertaken a comprehensive 5 part study of the Anisodactylina: (1) a reclassifica-
tion of the supra-specific taxa of the subtribe on a world-wide basis; (2) revisions of the spe-
cies of Gynandrotarsus and the North American species of Notiobia; (3) a revision of the
species of the subgenus Anadaptus; (4) a revision of the Central and South American species
of Notiobia; and (5) revisions of the species of the Australian and Oriental genera. The first
and second parts are now presented. My revisions of Gynandrotarsus and North American
Notiobia (including Anisotarsus) used with Lindroth’s (1968) excellent treatment of the
Harpalini of Canada and Alaska treat all North American species of Anisodactylina except a
few species of the subgenus Anadaptus.

MATERIALS

The taxonomic decisions in this paper are based on a comparison of characters found in
adult specimens. Approximately 15,000 adult specimens were examined for the supra-
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specific reclassification. An additional 10,533 specimens were examined for the revisions of
the species of Gynandrotarsus and the North American species of Notiobia.

Types were examined during visits to the British Museum of Natural History, London,
Great Britain; Museum of Comparative Zoology, Harvard University, Cambridge, Massachu-
setts; Museum National d’Histoire Naturelle, Paris, France; and United States National Muse-
um, Washington, D.C. Unless otherwise noted, I have seen the type of each species (and as-
sociated synonyms) of Gynandrotarsus and of the North American forms of Notiobia. In
addition I have seen type or identified specimens of most of the species in other supra-spe-
cific taxa of Anisodactylina. The museums from which non type material was examined are
listed in the acknowledgements section.

METHODS

Criteria for species, subunits of species and supra-specific taxa

For this study the following definition of a species given by Mayr (1969) is accepted: a
species consists of “Groups of actually (or potentially) interbreeding natural populations
which are reproductively isolated from other such groups”. There is no direct information
available on the presence or absence of interbreeding among forms in Gynandrotarsus and
Notiobia. Also there is at most limited information on the ecology and biology of the vari-
ous forms. Therefore the presence or absence of interbreeding must be inferred from an ex-
amination of color and of morphological characters. The underlying assumption of such an
inference is that different species will be separated by a pronounced gap in color and/or
morphological characters. I use the following criteria in delimiting species. Sympatric forms
were considered to be separate species if they constantly differed in 1 or more color or
morphological characters. Allopatric forms were considered as separate species if they differ-
ed in 1 or more color or morphological characters, and if the differences in these charac-
ter(s) were roughly comparable to those found between other closely related species which
were sympatric. None of the forms examined in this study exhibited parapatry.

Subspecies are not formally named in this paper. Characters other than those of morphol-
ogy and color should be available for the recognition of formal taxa below the species level.
Also a formal subspecific name has legal nomenclatural status and once proposed can never
be abolished. I have therefore chosen to refer to subunits of species as ‘““morphs”. This is an
informal term and names given to morphs need not be retained by subsequent workers who
may disagree with my findings.

Simpson (1961) and Whitehead (1972) pointed out that the inclusiveness of genus group
taxa is somewhat arbitrary. Hennig (1966) and Brundin (1966) asserted that supra-specific
taxa which demonstrate sister group relationships must be given equal formal rank. This re-
quirement is overly simplistic, leads to excessive splitting, and requires the recognition of
numerous supra-specific categories in addition to the formally established ones such as sub-
genus, genus, subtribe, and tribe. Ball and Erwin (1969), Erwin (1970), and Darlington
(1970) have objected to this requirement. Mayr (1969) listed 5 criteria for delimiting and
ranking supra-specific taxa: (1) distinctness (size of gap); (2) evolutionary role (uniqueness
of adaptive zone); (3) degree of difference (that is evolutionary divergence); (4) size of tax-
on; and (5) equivalence of ranking in related taxa. I have endeavored to take account of
these S criteria in delimiting and ranking supra-specific taxa.

I have for the most part recognized only monophyletic supra-specific taxa, that is taxa
composed of all the descendants of an immediate common ancestor. However, consider-
ation of the criteria provided by Mayr has led me to recognize several paraphyletic groups.
For example, the genus Geopinus which most likely evolved from the same common ances-
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tor as several subgenera of the genus Anisodactylus is accorded separate generic status be-
cause of the large amount of evolutionary divergence and because of the ecological speciali-
zation of the single included species.

Procedural methods

Sorting of specimens employed in revisions of species.

Sorting of specimens was done according to a systematic procedure to facilitate applica-
tion of the criteria explained above for species and ‘“morphs”. Specimens were first grouped
into series each composed of specimens with similar color and external morphology. The
specimens of each series were next sorted according to geographical locality. The specimens
of a series were then compared in regard to color and external morphology. If this compari-
son indicated the members of a series were probably conspecific, then the genitalia were ex-
amined from specimens distributed throughout the entire range of the ‘“‘tentative’ species.
If such an examination supported the hypothesis of conspecificity, then the series was com-
pared with other such series to determine if any of these series were conspecific. Specimens
of an individual series, which on an examination of the genitalia seemed to be composed of
smaller subunits, were sorted into these subunits. The subunits were then carefully com-
pared to determine whether they warranted separate specific status. Any subunits which
seemed to warrant separate specific status were compared with all other “tentative’ species.

After a species was delimited, all specimens of it were further examined for intra- and in-
terpopulational variation. For this examination, it was assumed that specimens of a species
collected at the same exact locality were members of a single deme.

Sorting of specimens employed in revisions of supra-specific groups.

Specimens were first sorted according to named species of currently accepted supra-spe-
cific taxa. The species of each such supra-specific taxon were then examined to determine if
they formed a single monophyletic group. Adjustments were made if the species of a given
taxon appeared to represent 2 or more monophyletic groups, to represent only part of a
single monophyletic group, or to represent elements of several different monophyletic
groups.

During the grouping process, a tentative phylogeny was constructed and repeatedly modi-
fied until it seemed the most probable representation of the evolution of supra-specific taxa
of Anisodactylina. The units of species or species groups were finally ranked into genera,
subgenera and species groups on the basis of the criteria explained above.

Dissecting techniques

Specimens in which the genitalia, hindwings, or mouthparts were to be removed were re-
laxed in boiling or nearly boiling distilled water for 2 to 5 minutes. Detergent such as “409
Household Cleaner” was usually added in order to simultaneously clean the beetle of any
dust or grease. The specimen was next placed for 1 to 2 minutes in a beaker of distilled
water to wash away any detergent residue. Watchmaker forceps with number S points were
used for the dissections described below.

The genitalia could usually be removed through the genital opening. Forceps were insert-
ed into the opening and moved from side to side to enlarge it. The genitalia were then grasp-
ed near their base and pulled out. This extraction procedure did not work on specimens
which had been killed or preserved in formalin or alcohol solutions. In these specimens the
abdomen was pulled off and the genitalia removed after cutting or tearing away the tergum.

The internal sac of the median lobe was then everted on several male specimens. The
median lobe was first placed in boiling or nearly boiling 5 to 10 percent potassium hydrox-
ide solution for 3 to 5 minutes to dissolve muscle tissue attached to the internal sac. Then
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the median lobe was transferred to a small water-filled watch glass or a plastic lid from a pre-
scription vial. A pair of forceps was used to clamp the basal bulb dorso-ventrally just distal
to the basal orifice. These forceps were kept clamped in order to prevent fluid from escaping
through this opening. A second pair of forceps was used to clamp the median lobe dorso-
ventrally just distal to the first pair. The second pair was then moved distally and the median
lobe again clamped. This procedure was continued until the ostium was reached. The fluid
pressure resulting from repeating clamping often everted the sac.

In some specimens fluid pressure was not sufficient to evert the internal sac. A pair of for-
ceps was then inserted through the ostium, and the internal sac was pulled out. This proce-
dure was more likely to damage the internal sac and was used only when the above tech-
nique failed.

In some specimens it was impossible to evert the internal sac by any method. This appar-
ently was due to the beetle having been Kkilled or stored in formalin or a strong alcohol solu-
tion.

Female genitalia on which the valvifer, stylus, and proctiger were to be examined were
usually placed in a small container of water under a stereoscopic microscope and muscles
or membrane obstructing the field of view were removed with forceps. Sometimes the geni-
talia were first placed in hot potassium hydroxide solution for 1 to S minutes to facilitate
this removal.

Female genitalia in which the spermatheca was to be examined were placed in boiling or
nearly boiling potassium hydroxide solution for approximately 1 minyte. They then were
transferred to a small dish of water and examined under a stereoscopic microscope. If the
spermatheca was still obscured by muscles and other tissue, this treatment was repeated as
needed. Care had to be employed since excessive clearing would render the spermatheca
nearly transparent.

Genitalia vials were used to store: median lobes with everted internal sacs; female geni-
talia with cleared spermathecae; mouthparts; hindwings; and various other small structures.
These vials are plastic with soft plastic stoppers. They prove superior to glass vials with cork
stoppers since glycerine will not leak from them. The body part was placed in the vial with
forceps and several drops of glycerine added with a syringe. The vial was then stoppered, and
the pin supporting the specimen run through the stopper.

Most median lobes with internal sacs not everted and female genitalia with spermathecae
not cleared were glued with clear nail polish to a small card or point pinned immediately be-
neath the specimens. Some median lobes were pierced with a minuten pin attached to a piece
of polyporous pith pinned beneath the specimen.

Hind wings and mouthparts were removed from the specimens by grasping their bases
with forceps and pulling the structures off the insect. The hind wings and mouthparts were
then usually treated as follows. Each of these structures was first placed in a container of
95 percent ethanol and then placed in clear nail polish which was applied to a small card
pinned immediately beneath the insect. The hind wings were completely unfolded so that all
areas were visible, and the mouthparts were arranged so that the desired part of them was
visible for examination. This procedure minimized shrinking of membranous structures and
provided a simple method of preserving wings and mouthparts for ready viewing without the
necessity of preparing slides. It also had the advantage of directly associating each structure
with the specimen from which it was removed.

Measurements
On specimens employed in species revisions.
Total body length measurements were made for each species to give a general impression




















































































































































































































































































































































































































































































































































































































































