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ABSTRACT. A reevaluation of South American oligochaetes produced 871 known species. Megadrile
earthworms have rates of endemism around 90% in South America, while Enchytraeidae have less
than 75% endemism, and aquatic oligochaetes have less than 40% endemic taxa in South America.
Glossoscolecid species number 429 species in South America alone, a full two-thirds of the known
megadrile earthworms. More than half of the South American taxa of Oligochaeta (424) occur in Brazil,
being followed by Argentina (208 taxa), Ecuador (163 taxa), and Colombia (142 taxa). Present diversity
counts of Oligochaeta are still substantially underscored. Surveys of Enchytraeidae in native forests in
Sdo Paulo 30 years ago produced a 100% yield of new species, while this group is still unregistered in
the whole northeast region of Brazil. There is clearly much basic research to be done on oligochaetes in
South America.
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RESUMEN. Una nueva evaluacion de los oligoquetos sudamericanos tuvo como resultado 871 espe-
cies. Lombrices megadriles tienen un endemismo de alrededor de 90%, en cuanto Enchytraeidae tiene
menos de 75% de endemismo, y los microdilos acuaticos tienen menos de 40% de los taxa endémicos en
América del Sur. Los Glossoscolecideos representan 429 especies solamente en América del Sul, cons-
tituyendo dos tercios de los megadriles conocidos en este continente. Mas de la mitad de los taxa sud-
americanos de Oligochaeta (424) se encuentran en el Brasil, seguido de la Argentina (292 taxa), Ecuador
(163 taxa), y Colombia (142 taxa). Computos actuales de los oligoquetos son todavia significativamente
subestimados. Los muestreos de Enchytraeidae en los bosques nativos de San Pablo realizados hace 30
afios resultaron en 100% de especies endémicas. En cuanto este grupo todavia no fue muestreado en toda
la region Nordeste del Brasil. Es claro que falta mucha investigacion basica por hacer en lo que se refiere
a los Oligoquetos de América del Sur.
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INTRODUCTION
Species richness is a fundamental component of biodiversity. Most of the biodiver-
sity on earth, estimated to be anywhere from 3.5 to 10.5 million species (Alroy 2002),
is due to invertebrates, many of them soil-inhabiting (Decaéns et al. 2006).

South American invertebrates receive much less attention in faunistic inventories
than vertebrates, plants and human-associated insects. Furthermore, aquatic and ter-
restrial oligochaetes, that represent over 10,000 species worldwide, are poorly rep-
resented in South America in available internet initiatives (ITIS, Diversity of Life,
Global Biodiversity Information Facility, etc.).

In recent years, the importance of oligochaetes for ecology, applications in ag-
riculture, usefulness to humans, and awareness of species numbers, is increasing
worldwide, but their true diversity in the megadiverse South American continent is
sorely underscored.

Fragoso & Brown (2007) compiled all terrestrial megadriles recorded for Latin
America for the first time, 93% of which were native. Previous faunal lists existed
only for Argentina, Chile, Brazil, Ecuador, Colombia, the Caribbean Islands, Central
America, and Mexico.

There is now strong morphological evidence that Enchytracidae represent the sis-
ter group of the megadrile earthworms (Christoffersen 2009). I thus place this fam-
ily alongside the megadrile earthworms, rather than within the aquatic oligochaetes,
referring to them as microdrile earthworms. Unfortunately, molecular data still place
enchytraeids together with aquatic worms (Jamieson et al. 2002).

Christoffersen (2007c) has now produced the first update of aquatic microdrile oli-
gochaetes of South America since the works of Gavrilov (1979, 1981) and Brinkhurst
& Marchese (1989).

History of oligochaete studies in South America

The first species of earthworms from Tropical America were discovered during the
expeditions of naturalists to the new world. The first descriptions of this material
were by Leuckart (1835, 1836). Fritz Miiller (1857) described Pontoscolex corethru-
rus from Santa Catarina, Brazil, and Kinberg (1867) described Amynthas gracilis
from the Botanical Garden of Rio de Janeiro, Brazil.

Towards the end of the nineteenth and beginning of the twentieth century, several
researchers described species from South America: Franz Vejdovsky, Hermann Ude,
Wilhelm Michaelsen, Daniele Rosa, Gustav Eisén, Luigi Cognetti, Leo Cernosvitov,
Frank Evers Beddard, and William Blaxland Benham.

During the second phase of annelid studies, towards the middle of the century, the
Uruguayan Ergasto Cordero, and the Germans living in Brazil Ernst Marcus and Eve-
line Du-Bois Reymond Marcus, became the first specialists to study South American
oligochaetes.
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In the second half of the twentieth century, Per-Olof Ljungstrom and Catalina
C. Mischis in Argentina, Gilberto Righi in Brazil, and Andras Zicsi, from Hungary,
conducted intensive collecting expeditions in other South American countries, being
responsible for the main descriptive works now available on oligochaetes from South
America.

MATERIAL AND METHODS
The present review synthesizes oligochaete diversity from the literature at the region-
al and continental scale, focusing on the aquatic microdriles (Christoffersen 2007¢),
terrestrial microdriles (Enchytraeidae) (Christoffersen 2009), and megadrile earth-
worms (Fragoso & Brown 2007, Christoffersen 2007a, b, 2008a, b, c, d).

RESULTS

On the basis of the most recent information available, there are now 871 known spe-
cies and subspecies of Oligochaeta from South America. Two-thirds of the megadrile
earthworms occurring in South America correspond to glossoscolecids (429 taxa)
(Table I).

More than half of the South American taxa of Oligochaeta (424) occur in Brazil,
being followed by Argentina (208 taxa), Ecuador (163 taxa), and Colombia (142
taxa) (Table II).

DISCUSSION
While values of 93% and 85% native species were registered for megadrile earth-
worms in Latin America and Brazil, respectively (Fragoso & Brown 2007, Brown
& James 2007), these values are reduced to 74% and 38.5%, for Enchytraeidae and
aquatic microdriles of South America, respectively (Christoffersen 2007¢, 2009).

In environments influenced by man, exotic species of oligochaetes, such as the
earthworms P. corethrurus and A. gracilis usually predominate (Brown et al. 2006).
Native species tend to be found preferably in well-preserved native vegetation. For
instance, Christoffersen (1977, 1979a,b) explored native Atlantic forests in the State
of Sdo Paulo, finding new species only in environments not affected by human pres-
ence.

In Brazil there are approximately 750 collection sites for megadriles, but only 18
of these are from the northeast region of Brazil, with only 30 species of earthworms
(James & Brown 2006). Northeastern Brazil is particularly under-represented, even
in basic inventories. Only three species of Rhinodrilus were registered in all the Caat-
inga Formation (Brown & James 2007), and Enchytraeidae have still not been offi-
cially recorded from the NE of Brazil. The apparent absence of terrestrial and aquatic
records within the arid region may be real in the interior arid region due to the inhos-
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Table 1. Number of species of aquatic, microdrile and megadrile oligochaetes in
South America, and their respective published inventories.

Oligochaete group Number of species Reference
Agquatic oligochaetes (Total) 171
Alluroidea 4 (Christoffersen 2007¢)
Capilloventridae 1 (Christoffersen 2007¢)
Haplotaxidae 5 (Christoffersen 2007¢)
Naididae 152 (Christoffersen 2007¢)
Narapidae 1 (Christoffersen 2007¢)
Opistocystidae 3 (Christoffersen 2007¢)
Phreodrilidae 4 (Christoffersen 2007¢)
Tiguassuidae 1 (Christoffersen 2007¢)
Microdrile earthworms (Total) 62 (Christoffersen 2007¢)
Enchytraeidae 62 (Christoftersen 2009)
Megadrile earthworms (Total) 638 (Christoffersen 2007c¢)
Acanthodrilidae 66 (Fragoso & Brown 2007)
Almidae 6 (Christoffersen 2008b)
Criodrilidae 1 (Christoffersen 2008b)
Eudrilidae 2 (Fragoso & Brown 2007)
Glossoscolecidae 429 (Fragoso & Brown 2007)
Lumbricidae 26 (Fragoso & Brown 2007)
Megascolecidae 16 (Fragoso & Brown 2007)
Ocnerodrilidae 70 (Christoffersen 2008a)
Octochaetidae 21 (Fragoso & Brown 2007)
Tumakidae 1 (Christoffersen 2008b)
TOTAL 871

pitable conditions and to the temporary nature of most water courses during most of
the year, unfavorable for the establishment of permanent populations of oligochaetes.
Nevertheless, earthworms may occur at locations with <100 mm annual rainfall (in
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India and the Negev desert, for example). As the driest sites in the NE of Brazil only
rarely or very locally are below 400 mm, native oligochaetes may still be discovered
here, particularly if earthworms have had enough time to adapt to droughts that oc-
curred in the climate of that region since the last ice-age, over the last 12,000 years.

There are other extensive regions of Brazil with almost no collections of earth-
worms, such as the region from south of Para to the north of Mato Grosso (James &
Brown, this issue). The Pantanal region of central Brazil represents another under-
explored area, with a total of only 11 species of earthworms (Brown & James 2007).

In fact, there are few regional inventories of earthworms in Brazil: 18 species
were reported for the state of Rio Grande do Sul (Knépper 1972, 1977); Mato Grosso
and Rondonia have 45 species (Righi 1990); the Manaus region, 40 species (Ayres &
Guerra 1981); Parana, 55 species (Brown et al. 2004); and Sdo Paulo State, 77 spe-
cies (Brown & James 2007).

Megadrile earthworm species biodiversity estimates have been made for all Latin
American countries (Fragoso & Brown 2007), ranging from 305 species in Brazil to
4 species in Nicaragua. However, vast areas of many countries remain unexplored.
Peru, for instance, has a relatively large area, most of which still remains unknown in
terms of earthworms.

The concept of Von Humboldt that species diversity declines with increasing
latitude, is considered to be one of the oldest concepts in ecology (Hawkins 2001,
De Deyn & Van der Putten 2005). The geographic hypothesis assumes that tropical
zones support most species because they comprise large contiguous areas, whereas
extra-tropical zones are disjunct (Willig & Bloch 2006). Diversity patterns of below-
ground animals have been poorly studied (Maraun et al. 2007). Yet, there are several
indications that species richness is not highest in tropical regions for soil animal taxa,
such as nematodes (Procter 1984), earthworms (Judas 1988, Lavelle et al. 1995) and
oribatid mites (Maraun et al. 2007). However, observed richness and survey effort are
highly correlated (Hortal et al. 2007).

Most biodiversity databases, including the present oligochaete compilations, lack
exhaustiveness and proper geographical (environmental) coverage. Thus, the rela-
tive importance of two alternative explanatory aspects of species richness — intensity
of study and elevated relative species richness in the tropics — is difficult to assess.
Biological exploration still has incomparable intellectual and scientific rewards, as
well as the potential to identify new biological resources and to improve our ability to
manage the Earth’s resources (Wheeler 1995).

Although the biggest country (Brazil) has the largest biodiversity, the correlation
between area and biodiversity was not significant for the remaining countries in Latin
America, when Brazil was removed (Fragoso & Brown 2007). This puts into question
whether the significantly larger number of Brazilian species is not a mere byproduct
of the larger taxonomic effort of the specialist Gilberto Righi, who described more
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than 220 new species along more than 30 years, or about 6.4 species per year, on
average (Fragoso et al. 2003).

The catalogued oligochaetes represent only a fraction of their true diversity in
South America and Latin America. Therefore, our knowledge regarding oligochaetes
is still in a pioneer phase. Nevertheless, the information for tropical South America
appears to be better than for other tropical regions in the world. For many tropical
regions, there are simply no lists of known species. For many countries, myriads of
scattered records have accumulated over the centuries, with extensive synonymies
(Blakemore 2002), making taxonomic research extremely time consuming.

The elaboration and publication of checklists and catalogues requires considerable
effort and courage, because these works are never complete and generally include
many errors. Yet, together with monographs, checklists and catalogues represent cru-
cial databases to facilitate efficient future research.

Presently, the available catalogues for South American oligochaetes and of the
adjacent northern Neotropical region are preliminary in several aspects. First of all,
many more records will inevitably be added to these inventories. Next, misidentifica-
tions, synonyms and incorrect generic designations must be corrected according to
the latest available taxonomic revisions. Finally, several identifications, especially in
works of an ecological nature, will never be checked for lack of reference specimens
deposited in biological collections. Thus, intensive field work in the tropics, orga-
nization of representative collections, good descriptions of new material, and more
informative illustrations should be implemented to complete the data available from
the past.

Our knowledge on the diversity of oligochaetes in South America can only be
understood in a historical context. The fragmentary knowledge on oligochaetes and
the lack of knowledge regarding the existing data are mainly due to the fact that spe-
cialists from European countries worked in South America for short periods of time
and travelled to easily accessible areas. They took specimens to their home countries
and published the results in foreign languages in periodicals generally inaccessible to
South Americans. An exception was the Brazilian Gilberto Righi, who preferred to
publish in Portuguese and in local journals.

New records are usually only published in considerable numbers by specialists
of certain groups. During faunistic surveys, some groups are overly represented and
others are under-represented or neglected. Gilberto Righi concentrated efforts on the
Brazilian megadriles, and Andras Zicsi emphasized Andean megadriles from Chile
and Ecuador. Microdrile earthworms (except for the punctual efforts by Righi 1973,
1974a,b, 1975, 1978, 1981a, b, 1988, Bittencourt 1974, Christoffersen 1976, 1977,
1979a, b, Dozsa-Farkas 1989, Rombke & Hanagarth 1994, Rombke et al. 1999,
Schmelz & Collado 2005, Schmelz & Rombke 2005) have not been subjected to
systematic sampling.
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FUTURE PERSPECTIVES
Hopefully, the present catalogues will inspire colleagues and students to deepen our
understanding of South American oligochaetes. It is also hoped that pioneering ef-
forts will be attempted for other great and little known tropical regions (e.g., Africa
and Asia).

Catalogues are useful for a wide range of activities (Stork & Samways 1995).
The data summarized in the present paper provides the first overview of the known
diversity of South American enchytraeids and megadrile earthworms, and the most
recent overview in the case of the aquatic oligochaetes. These recent inventories fa-
cilitate access to data scattered in numerous small publications and books, providing
a starting point for future taxonomic research on oligochaetes of South America. This
includes references to literature containing tools for identification and methods on
faunistic sampling.

A more complete checklist should strive to include more information necessary
for the sustainable management of natural resources: relative data on endemism, lo-
cal diversity hotspots, biological invasions, and other patterns of biodiversity. Such
enhanced knowledge can allow observations of changes of biodiversity over time, the
identification of recently introduced oligochaetes, and the loss of endemic diversity.

Progress in oligochaete studies in South America should include not only new re-
cords and new species, but also ecological data based on long-term observations, dis-
covery of interactions and associations of oligochaetes with other organisms. There is
also need for phylogenetic studies based on morphology and molecules (see Siqueira
et al., this issue), and for the construction of a phylogenetic system for clitellates.
Their origin and relationships to other marine annelid groups are still far from be-
ing resolved with molecular methods and need broad, insightful, intergroup research
above the normal domains of systematic specialists. These efforts will contribute to
a better understanding of the ecology and history of oligochaetes in tropical ecosys-
tems, to a higher esteem for the large diversity of these organisms, and to a systematic
reorganization of the known diversity according to the very evolutionary processes
that produced this diversity. This knowledge should promote efforts to protect habi-
tats and should provide a more informative synthesis of our present knowledge of
global biodiversity.
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