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ABSTRACT


Eighty-seven genera of small minnow mayflies (Ephemeroptera: Baetidae) are currently known from throughout the world.  Thirty-seven genera occur in the Afrotropics, 27 in the Neotropics, 21 each in the Nearctic and Orient, 14 in the Palearctic, and nine in Australia (including Papua-New Guinea).  The Afrotropics currently have 84% endemic genera, the Neotropics 63%, Australia 44%, the Orient 43%, and the Nearctic and Palearctic 14% each.  Coefficients of similarity among the six biogeographic regions indicate that the Holarctic (Nearctic + Palearctic) and Orient are most similar in generic composition.  The Afrotropics demonstrate considerable insular evolution, but widespread Holarctic and Oriental genera are also found there.  The Neotropics demonstrate the highest degree of insular evolution, and although South America essentially has not been colonized by genera from outside its region, certain Neotropical lineages have infiltrated the Nearctic since the Pleistocene.  Australia remains poorly documented, but available data suggest that it has been considerably influenced by dispersal from the Oriental region.  Problems and prospects for the further study of the global biodiversity of baetids are discussed.  Baetids from the now poorly known areas of western Africa, Australia and India in general, and northeastern South America may significantly add to an overview of diversity and biogeography of the family.

INTRODUCTION


As the threat to biodiversity increases throughout the world, particularly in developing countries, the need to discover, describe, and determine biogeographic and phylogenetic relationships among species also increases.  Simply stated, humankind needs to know as much as possible about the composition, distribution, and evolutionary history of species in order to preserve them.  If such information is missing, or inadequate, ecologists lack the necessary database that would allow them to study and understand complex natural systems, and environmental managers would be seriously hindered in developing sound conservation strategies and policies.  Unfortunately, the numbers of taxonomists, systematists, and biogeographers have decreased dramatically in recent years, leading some experts to voice their concerns about a "Linnean shortfall" (2) and the certainty that many species (some of which may be crucial to the adequate functioning of ecosystems) will disappear without ever being documented [Wilson's (111) "Centilenan extinctions"].


Although estimates of the total number of species vary considerably, it is generally acknowledged that insects constitute one of the largest and most important groups of biota to be discovered and described (3, 17, 94, 111).  Substantial resource efforts have already gone toward the documentation of terrestrial insect species, particularly in the large orders Coleoptera, Diptera, Hymenoptera, and Lepidoptera.  However, species in smaller orders that are found in aquatic habitats are considerably less documented (1).  This is somewhat surprising, considering the relatively long acquaintance of human beings with aquatic insects throughout history (110).  


The order Ephemeroptera, or mayflies, is a major group of aquatic insects that, except for the United States, Canada, and some western European countries, has significantly lagged behind in its documentation.  Within the order, moreover, some families are much better known than others.  The consensus view among mayfly specialists is that the family Baetidae, or small minnow mayflies (59), has been the least understood and most challenging due to difficulties in collecting and characterizing them.  The approximately 650 species of Baetidae known worldwide possibly represent no more than 50% of the expected actual number.  The family is ubiquitous in freshwater habitats throughout much of the world, often being a major benthic component of such systems.  Moreover, the Baetidae is the most consistently speciose group of mayflies in the world, being comparable in radiation to the Leptophlebiidae in the Southern Hemisphere and the Heptageniidae in the Northern Hemisphere.  It has become paramount to understand further the distribution and diversity of Baetidae not only to undertake a comprehensive evaluation of its evolutionary history, but to undergird efforts now and in the future to conserve freshwater habitats throughout the world.  


The oldest reliable paleontological record of baetids is from the Lower Cretaceous (120-135 million years ago [mya]), as evidenced by data from Lebanese amber (63).  The family Baetidae is a member of a major suborder of mayflies known as the Pisciforma (61), which consists of a number of families that tend to have fusiform bodies, setaceous swimming caudal filaments, and simple gill structure as larvae.  The Baetidae are also the most apotypic and successful family of the Pisciforma (6, 61), with the most closely related family being the monotypic Siphlaenigmatidae (95).  Baetidae are distinguished in the adult stage by the presence of apomorphic three-segmented mid- and hindtarsi and basally detached IMA and MA2 forewing veins (109).  In addition, male adults are distinguished by the presence of a membranous penis and, with the exception of the Neotropical genus Aturbina Lugo-Ortiz and McCafferty (29), the presence of turbinate compound eyes.  Larvae are also unique among mayflies in having the initial lateral branches of the epicranial suture located below the lateral ocelli and the femoral apices with a ventrally oriented lobe (109).


Traditionally, characterization of baetid taxa relied on adult features such as body size and coloration, hindwing venation, and shape of the male genital forceps.  However, Müller-Liebenau (75-77) showed that size, coloration, and hindwing venation vary considerably, even within populations, and that the male genital forceps are too generalized to adequately characterize most taxa within the family.  Morihara and McCafferty (74) and Müller-Liebenau (75-77) convincingly demonstrated that larval ultrastructural features such as setal morphology and arrangement, mandibular denticulation, shape of labial palps, tergal sculpturing, and paraproctal spination are significantly more available and reliable for diagnostic purposes than the traditionally used adult features because they tend to be more stable.  This conceptual advance in the characterization of baetids provided the necessary framework for faunistic studies emphasizing the description of species and the revision and recognition of genera within the family.  It was fortuitous that the new emphasis on characterization of the aquatic larval stage coincided with a shift of general field studies of mayflies from terrestrial adult-oriented entomological studies to aquatic-oriented benthological and limnological studies. 


Between 1970 and 1995, faunistic studies focusing on generic revisions and descriptions of baetids predominantly addressed the Holarctic (Nearctic + Palearctic) and Oriental regions.  Jacob and Glazaczow (19), Kluge and Novikova (24), McCafferty and Waltz (68, 69), Mol (73), Morihara and McCafferty (74), Müller-Liebenau (75-84), Müller-Liebenau and Heard (85), Müller-Liebenau and Hubbard (86), Müller-Liebenau and Morihara (87), Novikova and Kluge (88, 89), Thomas (97), Waltz and McCafferty (99, 100, 102-106), and Waltz et al. (108) significantly contributed to the knowledge of the generic composition of Holarctic and Oriental baetids.  In contrast, during that same period, only the studies by Flowers (10), Kluge (21-23), Lugo-Ortiz and McCafferty (25-27), Lugo-Ortiz et al. (57), Mol (72), and Waltz and McCafferty (98, 104, 105) treated Neotropical baetids, and those by Demoulin (4, 5), Elouard and Hideux (8), Gillies (11-15), Gillies and Elouard (16), Waltz and McCafferty (101, 107), and Wuillot and Gillies (112, 113) dealt with Afrotropical baetids.  Australian baetids were sorely neglected during that period, with only one study (96) describing one new species and certain larvae and adults of known species.


Knowledge of the generic composition of Afrotropical, Australian, and Neotropical baetids has advanced substantially since 1996 (28-56, 59, 71).  Not only were new collections available for study, but a concerted effort was made to recognize genera in a strict phylogenetic sense, as advocated in general by McCafferty (61) for the Ephemeroptera.  As a consequence, generic concepts demonstrably based on purely phenetic or arbitrary gap criteria have been revised (e.g., Afroptilum Gillies and Baetis Leach) and certain possibly monophyletic lineages within the family have been delineated (e.g., the Baetis, Baetodes, Bugilliesia, Centroptiloides, Cloeodes, and Indobaetis complexes) (30, 34, 44, 51, 108).  

Although a phylogenetic approach to higher classification now predominates, it is not universally accepted nor entirely understood by all baetid taxonomists, and some remnants of phenetic or paraphyletic schemes remain to be resolved.  Importantly, however, the increase in knowledge on the generic composition of baetids from the Afrotropical, Australian, and Neotropical regions has allowed some assessment of broad biogeographic patterns that would have been based on pure speculation previously.  Below, we analyze biogeographic patterns and discuss current problems and prospects in the faunistic study of baetids.

BIOGEOGRAPHIC PATTERNS


Table 1 lists all baetid genera currently recognized from the six major biogeographic regions (3, 91).  The Afrotropical region has the richest known generic composition, with 37 genera; 31 (84%) of these are endemic to the region.  The Neotropical region follows with 27 genera, 17 (63%) of which are endemic.  Twenty-one genera occur in the Oriental region, nine (43%) of which are endemic.  Twenty-one genera also occur in the Nearctic region; however, only four (19%) of those genera are endemic.  Fourteen genera occur in the Palearctic region, and two (14%) are endemic.  The Australian region currently shows the least generic diversity, with only nine genera, four (44%) of which are endemic.  In the case of Australia, the numbers may not be reliable because the region remains poorly documented.  Additional genera may eventually be found there, and certain Australian genera may prove not to be valid (e.g., Bungona Harker [P. J. Suter, personal communication]).


The state of knowledge of the Australian region makes two-way comparative analyses tenuous when involving Australia.  Nonetheless, Sorensen's coefficient of biotic similarity (SC = 2a/[2a + b + c], where a = number of genera in common between two regions, b = number of genera unique to one region, and c = number of genera unique to the other region) can be used as a guideline to assess biogeographic affinities among genera in broad terms, particularly with respect to the other five biogeographic regions.  Those coefficients are provided in Table 2 for all possible two-way comparisons among the major biogeographic regions.


The highest Sorensen's coefficient, and thus generic similarity, occurs between the Palearctic and Oriental regions (Table 2).  These regions share 11 genera (Table 1).  The Palearctic-Nearctic pairing has the second highest Sorensen's coefficient (Table 2), sharing eight genera (Table 1).  The Nearctic-Oriental pairing also shares eight genera (Table 1), but has only the fourth highest Sorensen's coefficient (Table 2) due to more extensive dissimilarities.  Close relationships of the Nearctic, Oriental, and Palearctic regions are explicable by their contiguity for a considerable tectonic history dating to the early Jurassic approximately 180 mya (3, 91).  Genera common to the three regions include Acentrella Bengtsson, Baetis, Centroptilum Eaton, Cloeon Leach, Procloeon Bengtsson, Pseudocentroptiloides Jacob, and Pseudocloeon Klapálek.  It should be noted, however, that the presence of Cloeon in the Nearctic is due to the recent introduction of an adventive species, C. cognatum Stephens (9, 62).


The Nearctic and Neotropical regions share ten genera (Table 1) and have the third highest Sorensen's coefficient (Table 2).  Nine of the ten genera shared —Americabaetis Kluge, Apobaetis Day, Baetodes Needham and Murphy, Callibaetis Eaton, Camelobaetidius Demoulin, Cloeodes Traver, Fallceon Waltz and McCafferty, Moribaetis Waltz and McCafferty, and Paracloeodes Day—have an austral origin and have only relatively recently dispersed into the Nearctic (64, 70).  Apobaetis, Callibaetis, Camelobaetidius, Fallceon, and Paracloeodes have reached central North America, and Callibaetis is widespread, whereas Americabaetis, Baetodes, Cloeodes, and Moribaetis have their distribution limited to the southwestern Nearctic (64, 70).  Baetis is the only boreal genus that has penetrated the Neotropics in Central America (64).  This highly asymmetrical interchange of baetid genera between the Nearctic and Neotropics has been hypothesized to have begun during the Pleistocene, and reflects the general pattern of interchange among other mayfly taxa between the two regions (64, 70).


It is instructive to note that all other two-way comparisons involving the Neotropical region have the lowest Sorensen's coefficients (Table 2).  This along with the fact that 63% of its genera are endemic (see above) are consistent with observations on other mayfly families that indicate the high degree of Ephemeroptera endemism in the Neotropics (6, 64, 70).  The fact that essentially all baetid genera in South America originated there (64, 70) is consistent with the observation that South America is one of the three major centers of evolution since it separated from Africa during the early Cretaceous 125-130 mya (3, 91, 111).  Also quite probably the South American genera evolved since the mass extinction near the end of the Cretaceous.  The only known probable exception to the above scenario involves the genus Cloeodes, which apparently is of Gondwanan origin (see below).  


The Afrotropical region also shows low Sorensen's coefficients in all pair comparisons (Table 2), thus reflecting the fact that a large proportion of its generic fauna originated there.  Arctogaean (Afrotropical + Holarctic + Oriental) genera in the Afrotropics consist of Baetis, Cloeon, Procloeon, Pseudocloeon, and possibly Centroptilum. Their relatively sparse representation in the Afrotropics suggests that they invaded that region since the African continent assumed its present position during the middle Miocene 17 mya (3, 91), with the possible exception of Cloeon, vis à vis its presence in Madagascar.  The fact that the Afrotropics share Cloeodes with the Neotropics suggests that Cloeodes was present on the African + South American landmass before continental separation 125-130 mya (3, 91).  The presence of Baetis in the Afrotropics and Neotropics is deceptive because it represents relatively recent invasions from the north into both of these regions, and with respect to the Neotropics only a shallow invasion of Central America, not South America (see above).


Within the Afrotropical region, 15 baetid genera are currently recognized in Madagascar.  Ten of these genera also occur on the African continent.  The shared genera are Afroptilum, Cheleocloeon Wuillot and Gillies, Cloeodes, Cloeon, Dabulamanzia Lugo-Ortiz and McCafferty, Demoulinia Gillies, Dicentroptilum Wuillot and Gillies, Mutelocloeon Gillies and Elouard, Pseudocloeon, and Xyrodromeus Lugo-Ortiz and McCafferty (40, 42-44, 48, 56, 58).  Although Africa and Madagascar have been separated since the middle Jurassic approximately 160 mya (3, 91), Madagascar has a surprisingly low degree of endemism and high affinity with eastern and southern Africa with respect to baetid genera.  This is contrary to the very high degree of endemism typical of Madagascar with respect to other groups of organisms (e.g., lemurs, tenrecs, flightless birds).  Although it cannot be ascertained at this time whether the shared baetid genera were present in Africa and Madagascar before they separated or dispersed from one landmass to the other more recently, poor vagility in mayflies in general is most suggestive of the former hypothesis.  Only Cloeon may have some capacity to disperse possibly over ocean expanses (W. P. McCafferty, unpublished).  The phylogenetic and biogeographic affinities of Madagascar's baetid fauna with respect to the Oriental region also remain to be ascertained, although it does not appear strong at this time.  It is possible that some genera currently known from Madagascar, and possibly southern Africa as well, will also be found in the Oriental region, particularly in India (India separated from Madagascar in the middle Paleocene approximately 60 mya [3, 91] and actually shares a longer tectonic history with Madagascar than it does with Africa).  


Two-way comparisons involving the Australian region are possibly deceptive because of the small sample size available (Tables 1 and 2; see above).  Baetis, Centroptilum, Cloeon, and Pseudocloeon probably began to invade the Australian region from southeast Asia once these landmasses assumed their present position during the middle Miocene 15 mya (3, 91).  Although it is possible that Cloeodes also dispersed to the region, it may alternatively represent an ancient Gondwanan lineage (45).

PROBLEMS AND PROSPECTS


Although, as indicated above, our knowledge of baetid genera in the Afrotropical, Australian, and Neotropical regions has recently increased dramatically, and certain evolutionary lineages have been more clearly delineated using cladistic criteria (see, e.g., 30, 34, 44, 51), it is evident that considerable research remains to be performed.  At the most basic level, additional collecting and rearing of baetids needs to be conducted, particularly in Africa, Australia, South America, and the Indian subcontinent.  New genera remain to be described, particularly from South America.  By documenting the baetid fauna of these regions, a more accurate determination of the phylogenetic and biogeographic history and affinities of Gondwanan lineages may be accomplished.  That effort will eventually allow a worldwide assessment of baetids and the beginning of a family-wide cladistic analysis of genera.  


Western Africa is the least known region of the African continent with respect to the Ephemeroptera.  This is hardly surprising, given the lack of essential resources and prevalence of political turmoil in the region (20, 93).  However, knowledge on the baetid fauna of western Africa may be critical to determine possible ancient affinities with South America.  Western Africa and northeastern South America (which is also poorly known) were united up to the separation of the two continents during the early Cretaceous 125-130 mya (3, 91), and it is possible that, despite evidence of decimation of many mayfly lineages during the mass extinction of the late Cretaceous (60), both continents may share other genera, in addition to Cloeodes or possibly sister genera.  Baetids in other parts of Africa also continue to require study; however, since the faunistic assessment of South African mayflies provided by McCafferty and de Moor (65), significant advancements in the documentation of southern African baetids have been made (see, e.g., 28, 33, 34, 36, 37, 40, 44), and a study of the mayfly fauna of Namibia is currently under way.


In addition to the baetid fauna of northeastern South America, as indicated above, the Patagonian and Andean areas of South America also require further documentation.  This effort is especially significant because there remains a possibility that Amphinotic or Transantarctic baetid lineages exist, as has been demonstrated for other mayfly taxa (7).  In fact, Lugo-Ortiz and McCafferty (52, 54) recently described one genus from Australia, Edmundsiops Lugo-Ortiz and McCafferty, and three genera from Patagonia and the Andes—Andesiops Lugo-Ortiz and McCafferty, Deceptiviosa Lugo-Ortiz and McCafferty, and Nanomis Lugo-Ortiz and McCafferty—that may be related.  Only the adults of Deceptiviosa are known, and the adults of the other three genera may reveal important characters for discerning possible phylogenetic relationships.


The baetid fauna of the Indian subcontinent is poorly understood, although considerable attention has been given to that of Sri Lanka (81, 86, 87).  Only the genera Baetiella Uéno, Baetis, Centroptilum, Cloeodes, Cloeon, Indobaetis Müller-Liebenau and Morihara, Indocloeon Müller-Liebenau, Procloeon, and Pseudocloeon are known from India.  Presumably, more genera will be reported and described as larval diversity in India is explored.  Inordinate numbers of Indian species have been assigned to Baetis and Cloeon, and, with the exception of two species of Baetis, all of the Indian species are known from adults only (18).  Revisionary studies dealing with those species and involving accurate stage correlations are required to elucidate their generic classification in light of revisionary research elsewhere.  This effort is extremely important to determine the affinities of India with the Afrotropics (particularly with respect to the widespread Centroptiloides and Bugilliesia complexes).  Considerable affinities between these regions in other mayfly families (e.g., Ephemeridae, Caenidae, Leptophlebiidae) have been previously documented (66, 67, 90, 92).


With the exception of the genus Cloeon, the seven genera reported from Australia—Baetis, Bungona, Centroptilum, Cloeodes, Edmundsiops, Offadens Lugo-Ortiz and McCafferty, and Pseudocloeon—are known mainly from the tropical and subtropical areas in the north and east.  It is possible that other lineages will be discovered as the baetid fauna continues to be studied from throughout the continent, especially in light of the larval diversity recently being documented on a world scale.


The concept of Baetis remains problematic and needs to be delineated more clearly.  Several Afrotropical, Australian, Indian, and Oriental species currently assigned to Baetis are morphologically distinctive and depart significantly from the type of the genus, B. fuscatus Leach.  As additional new genera are erected for species currently assigned to Baetis, the concept of the genus may prove to be restricted to those species belonging to the fuscatus and rhodani groups only (74, 75).  The current concepts of Centroptilum and Procloeon must also be addressed because historical criteria have proved problematic.  These so-called long-clawed baetids are currently undergoing necessary species revision in North America, and include studies that may have generic ramifications on a world scale.
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Table 1.  Known genera of Baetidae from the six major biogeographic regions of the world.  Asterisks (*) indicate endemic genera.

________________________________________________________________________

NEARCTIC

  Acentrella Bengtsson 1912

*Acerpenna Waltz and McCafferty 1987

  Americabaetis Kluge 1992

  Apobaetis Day 1955

  Baetis Leach 1815

  Baetodes Needham and Murphy 1924

*Barbaetis Waltz and McCafferty 1985

  Callibaetis Eaton 1881

  Camelobaetidius Demoulin 1966

  Centroptilum Eaton 1869

  Cloeodes Traver 1938
  Cloeon Leach 1815

  Diphetor Waltz and McCafferty 1987

  Fallceon Waltz and McCafferty 1987

*Heterocloeon McDunnough 1925

  Moribaetis Waltz and McCafferty 1985

  Paracloeodes Day 1955

*Plauditus Lugo-Ortiz and McCafferty 1998

  Procloeon Bengtsson 1915

  Pseudocentroptiloides Jacob 1986

  Pseudocloeon Klapálek 1905



PALEARCTIC

  Acentrella Bengtsson 1912

  Alainites Waltz and McCafferty 1994

  Baetiella Uéno 1931

  Baetis Leach 1815

*Baetopus Keffermüller 1960

  Centroptilum Eaton 1869

  Cloeon Leach 1815
  Diphetor Waltz and McCafferty 1987

  Nigrobaetis Novikova and Kluge 1987

  Procloeon Bengtsson 1915

  Pseudocentroptiloides Jacob 1986

  Pseudocloeon Klapálek 1905

  Raptobaetopus Müller-Liebenau 1978

*Takobia Novikova and Kluge 1987

ORIENTAL

  Acentrella Bengtsson 1912

  Alainites Waltz and McCafferty 1994

  Baetiella Uéno 1931

  Baetis Leach 1815

  Centroptilum Eaton 1869

*Chopralla Waltz and McCafferty 1987

  Cloeodes Traver 1938

  Cloeon Leach 1815

*Echinobaetis Mol 1989

*Gratia Thomas 1992

*Indobaetis Müller-Liebenau and Morihara 1982
*Indocloeon Müller-Liebenau 1982

*Jubabaetis Müller-Liebenau 1980
*Liebebiella Waltz and McCafferty 1987

  Nigrobaetis Novikova and Kluge 1987

*Platybaetis Müller-Liebenau 1980
  Procloeon Bengtsson 1915

  Pseudocentroptiloides Jacob 1986

  Pseudocloeon Klapálek 1905

  Raptobaetopus Müller-Liebenau 1978

*Symbiocloeon Müller-Liebenau 1979

AFROTROPICAL

*Acanthiops Waltz and McCafferty 1987

*Afrobaetodes Demoulin 1970

*Afroptilum Gillies 1990

  Baetis Leach 1815

*Barnumus McCafferty and Lugo-Ortiz 1998

*Bugilliesia Lugo-Ortiz and McCafferty 1996

*Centroptiloides Lestage 1918
*Cheleocloeon Wuillot and Gillies 1993

  Cloeodes Traver 1938

  Cloeon Leach 1815

*Crassabwa Lugo-Ortiz and McCafferty 1996

*Dabulamanzia Lugo-Ortiz and McCafferty 1996

*Delouardus Lugo-Ortiz and McCafferty 1999

*Demoreptus Lugo-Ortiz and McCafferty 1997

Table 1, continued.

________________________________________________________________________

AFROTROPICAL, continued

*Demoulinia Gillies 1990

*Dicentroptilum Wuillot and Gillies 1994

*Edmulmeatus Lugo-Ortiz and McCafferty 1997

*Glossidion Lugo-Ortiz and McCafferty 1998

*Herbrossus McCafferty and Lugo-Ortiz 1998

*Kivua McCafferty and Lugo-Ortiz 1996

*Maliqua Lugo-Ortiz and McCafferty 1997

*Micksiops McCafferty, Lugo-Ortiz, and Barber-James 1997

*Mutelocloeon Gillies and Elouard 1990

*Nesoptiloides Demoulin 1973

*Nesydemius Lugo-Ortiz and McCafferty 1998
  Nigrobaetis Novikova and Kluge 1987

*Ophelmatostoma Waltz and McCafferty 1987

*Peuhlella Lugo-Ortiz and McCafferty 1998

*Potamocloeon Gillies 1990

  Procloeon Bengtsson 1915

  Pseudocloeon Klapálek 1905

*Pseudopannota Waltz and McCafferty 1987

*Rhithrocloeon Gillies 1985

*Susua Lugo-Ortiz and McCafferty 1998

*Tanzaniella Gillies 1991

*Thraulobaetodes Elouard and Hideux 1991

*Xyrodromeus Lugo-Ortiz and McCafferty 1997

NEOTROPICAL

*Adebrotus Lugo-Ortiz and McCafferty 1996

  Americabaetis Kluge 1992

*Andesiops Lugo-Ortiz and McCafferty 1999

  Apobaetis Day 1955

*Aturbina Lugo-Ortiz and McCafferty 1996

  Baetis Leach 1815

  Baetodes Needham and Murphy 1924

*Bernerius Waltz and McCafferty 1987

  Callibaetis Eaton 1869

  Camelobaetidius Demoulin 1966

  Cloeodes Traver 1938

*Crypotonympha Lugo-Ortiz and McCafferty 1998

*Deceptiviosa Lugo-Ortiz and McCafferty 1999

  Fallceon Waltz and McCafferty 1987
*Guajirolus Flowers 1985

*Harpagobaetis Mol 1986

*Mayobaetis Waltz and McCafferty 1985

  Moribaetis Waltz and McCafferty 1985

*Nanomis Lugo-Ortiz and McCafferty 1999

  Paracloeodes Day 1955

*Prebaetodes Lugo-Ortiz and McCafferty 1996

*Rivudiva Lugo-Ortiz and McCafferty 1998

*Spiritiops Lugo-Ortiz and McCafferty 1998

*Tomedontus Lugo-Ortiz and McCafferty 1996

*Varipes Lugo-Ortiz and McCafferty 1998

*Waltzoyphius McCafferty and Lugo-Ortiz 1996

*Zelusia Lugo-Ortiz and McCafferty 1998

AUSTRALIAN

  Baetis Leach 1815

*Bungona Harker 1957

  Centroptilum Eaton 1869

  Cloeodes Traver 1938

  Cloeon Leach 1815
*Edmundsiops Lugo-Ortiz and McCafferty 1999

*Offadens Lugo-Ortiz and McCafferty 1998

*Papuanatula Lugo-Ortiz and McCafferty 1999

  Pseudocloeon Klapálek 1905

________________________________________________________________________

Table 2.  Sorensen's coefficient of relative affinities among the six main biogeographic regions of the world.  (See text for determination of Sorensen's coefficient.)

________________________________________________________________________

Australia

Nearctic

Neotropics

Orient

Palearctic
Afrotropics

0.17

0.17

0.06

0.21

0.20
Australia

-

0.33

0.11

0.33

0.35
Nearctic

-

-

0.42

0.38

0.46
Neotropics

-

-

-

0.08

0.04
Orient

-

-

-

-

0.63

________________________________________________________________________

