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Abstract: Most of the available data on declining populations of amphibians pertain to frogs and, to a
lesser extent, salamanders. In keeping with their generally less understood biology, the population trends and
conservation status of caecilian amphibians (Gymnophiona) are also much less known. We reviewed reports
of threats to and declines of populations of caecilians. Despite a lack of field-study details (e.g., localities, dates,
and sampling methods) and quantitative data, there are several recent reports of threats to and declines and
extinctions of caecilians. A range of causal explanations (habitat loss, pollution, chytridiomycosis, and scien-
tific collecting) for these perceived declines have been proposed but little or no associated evidence has been
given. Although caecilians are often considered rare and thought to require pristine habitat, published, quan-
titative data demonstrate that at least some species can occur in high abundance in disturbed, synanthropic
environments. Few estimates of caecilian population parameters have been made and very few field methods
have been tested, so the assumed rarity of any taxa remains inadequately demonstrated. Distribution and
taxonomic data are also inadequate. Because they are generally poorly known and often cryptic, caecilians
can be overlooked in standard faunal surveys, meaning that lack of opportunistic collection over several years
might not represent evidence of decline. The conservation status of most species must be considered data defi-
cient. More precise assessments will require a substantial increase in all areas of caecilian research, especially
those involving new fieldwork. Future reports of caecilian conservation biology need to be explicit and more
quantitative.
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Conservación de Anfibios Cecilianos

Resumen: La mayoŕıa de los datos disponibles sobre poblaciones de anfibios en declinación se refieren a
ranas y en menor grado, a salamandras. En el marco del poco conocimiento de su bioloǵıa, las tendencias
poblacionales y el estatus de conservación de anfibios cecilianos (Gymnophiona) son mucho menos conocidos.
Revisamos los reportes de amenazas a y declinaciones de poblaciones de cecilianos. A pesar de la falta de
detalles de los estudios de campo (e.g., localidades, fechas y métodos de muestreo) y de datos cuantitativos,
hay varios reportes recientes de amenazas a y declinaciones y extinciones de cecilianos. Se han propuesto
varias explicaciones de las causas (pérdida de hábitat, contaminación, chitridiomicosis, colecta cient́ıfica)
de estas declinaciones, pero con poca o ninguna evidencia asociada. Aunque los cecilianos a menudo son
considerados raros y que requieren hábitat pŕıstino, hay datos, cuantitativos, publicados que demuestran que
por lo menos algunas especies pueden ocurrir en abundancia elevada en ambientes sinantrópicos perturbados.
Se han hecho escasas estimaciones de parámetros poblacionales de cecilianos y se han probado muy pocos
métodos de campo, aśı que la rareza asumida de cualquier taxón permanece inadecuadamente demostrada.
Los datos taxonómicos y de distribución también son inadecuados. Siendo generalmente poco conocidos y
a menudo cŕıpticos, los cecilianos pueden ser pasados por alto en muestreos estándar de fauna, aśı que la
falta de recolectas oportunistas a lo largo de varios años puede no representar evidencia de declinación. El
estatus de conservación de la mayoŕıa de especies debe ser considerado como deficiente en datos. Evaluaciones
más precisas requerirán de un incremento considerable en todos los campos de investigación sobre cecilianos,
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especialmente los que implican nuevo trabajo de campo. Los futuros reportes sobre bioloǵıa de la conservación
de cecilianos necesitan ser expĺıcitos y más cuantitativos.

Palabras Clave: Amphibia, declinaciones poblacionales, ecoloǵıa, Evaluación Global de Anfibios, Gymnophiona,
taxonomı́a

Introduction

There has been much recent concern about global am-
phibian population declines. Although known for frogs
and salamanders, unequivocal declines have not been
documented for caecilians (e.g., Houlahan et al. 2000;
Young et al. 2001), and the group is barely mentioned
in a recent volume on amphibian conservation (Seml-
itsch 2003). Caecilians exhibit a diversity of reproduc-
tive modes (oviparity with aquatic larvae, oviparity with
direct development, and at least two modes of vivipar-
ity; Loader et al. 2003) and habits (probably fully subter-
ranean to occasionally surface cryptic and semiaquatic
to aquatic), and live in a variety of habitats (evergreen
rainforest to highly seasonal deciduous forest and open
terrain). This diversity exposes different species and life-
history stages to potentially detrimental environmental
variables (e.g., water and soil pollutants and ultraviolet-B
radiation) to varying degrees and in ways that might make
caecilians useful for comparative testing of hypothesized
causes of amphibian declines.

Relatively little is known about the approximately 160
nominate species (Nussbaum & Wilkinson 1989) of cae-
cilians (order Gymnophiona). The group occurs across
much of the wet tropics and some subtropical regions
except Madagascar, Australasia, and Southeast Asia east
of Wallace’s line (e.g., Taylor 1968). Their distribution
coincides with several of the world’s major biodiver-
sity hotspots (see Appendix). Of the six currently rec-
ognized families (e.g., Nussbaum & Wilkinson 1989), the
South American Typhlonectidae includes aquatic and sub-
aquatic forms, but, where known, members of other fam-
ilies spend most of their adult lives burrowing in soil or
leaf litter. Because of their largely tropical distribution and
subterranean habits, they are rarely encountered in rou-
tine herpetological surveys. This perhaps partly explains
the lack of detailed assessments of caecilian population
trends; most published amphibian data are from surface-
dwelling species in North America, Europe, and Australia
(e.g., Green 2003). Caecilian taxonomy is unstable (e.g.,
Nussbaum & Wilkinson 1989) probably because it has
been based on a very incomplete understanding of varia-
tion and has relied on few characters and sparse samples.
Several species are known only from a single specimen
and many more from very small series (e.g., Taylor 1968;
Giri et al. 2003).

We reviewed reports of caecilian species under threat
or in decline, causal explanations for perceived declines,

and evidence presented to support these claims. Here we
summarize our findings and discuss current knowledge
and issues that should be considered in future work. This
is the first review of the conservation status and possible
population declines for this order of vertebrates.

Declining Caecilian Populations

Early concern was voiced for the caecilians of the gen-
erally threatened biodiversity hotspot of the Western
Ghats (Gundappa et al. 1981), but declines were not
reported for specific taxa. All Western Ghats caecilians
(e.g., Daniels 2002: 38), except perhaps a few species
of Ichthyophis (Ghate 2002: 99; Padhye & Ghate 2002:
736), are considered to be declining because some his-
toric localities have not yielded any recent specimens (Pil-
lai & Ravichandran 1999: 94; Ghate 2002). At the 1997
Conservation Assessment and Management Plan (CAMP)
workshop (Molur & Walker 1998) all considered caecil-
ians from India were categorized as threatened to some
degree, with 11 vulnerable, 4 endangered, and 1 (Indo-
typhlus battersbyi) critically endangered. National-level
assessments in Sri Lanka in 1993 and 1999 list all three
currently recognized species (the endemic Ichthyophis
glutinosus, I. orthoplicatus, and I. pseudangularis) as
threatened (World Conservation Union [IUCN] 2000).

In Southeast Asia, Chinese populations of Ichthyophis
bannanicus are reported to have declined sharply (Wen
1998) to the extent that “establishing a nature reserve for
its protection is urgently necessary” (Zhao 1998: 3). The
IUCN’s official lists of threatened species include only two
species of caecilians. In 1999 the Philippine ichthyophi-
ids Ichthyophis glandulosus and I. mindanaoensis were
categorized as endangered and vulnerable, respectively
(World Conservation Union 2003). The ichthyophiid(s)
of Singapore, of unclear taxonomic identity, are consid-
ered endangered (Lim 1994).

Few investigators have explicitly considered the con-
servation status of African caecilians. In the vicinity of
Kenya where the type series of Boulengerula taitanus
was collected (Loveridge 1937), reported deforestation
has caused concern for the survival of this species (Glaser
1984).

In the New World, concern has been expressed about
the Central American Dermophis oaxacae—a species
known from approximately 30 specimens collected be-
fore 1973—and monitoring and maintenance programs
are considered necessary for any remaining populations
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(Wake 1998: 2). The Bolivian Caecilia marcusi was
thought to be extinct ( Wake 1993: 115), but subsequent
work showed that it is extant, at least in forests (Reichle &
Köhler 1996; De la Riva et al. 2000). In Central America,
changing land use is reported to have altered distribution
patterns and led to population and species extinction, and
new field studies are urged ( Wake et al. 2004). Uruguay’s
only recorded caecilian, the typhlonectid Chthonerpeton
indistinctum, is thought to have declined or to be extinct
in at least one of its historical localities, Arroyo Carrasco
(Maneyro & Langone 2001).

Caecilians in general are reported to be declining and
facing extinctions (Pennisi 2000: 623; Wake 2002: 41;
Wake 2003: 1810). However, no quantitative data are
given in most reports, and causal hypotheses have not
been tested.

Causes of Decline

Habitat Change

The primary cause of perceived caecilian declines is
thought to be habitat destruction, chiefly through defor-
estation and pollution. Habitat destruction is considered
a major threat in India (Gundappa et al. 1981: 480; Pillai
& Ravichandran 1999: 84; Daniels 2002), Southeast Asia
( Lim 1994; Wen 1998; Zhao 1998; World Conservation
Union 2003), Africa (Glaser 1984), and the Neotropics
( Wake 1993). For example, the presumed natural habitat
of the Philippine Ichthyophis glandulosus and I. min-
danaoensis “has almost all been cleared and the forest
streams, critical for larval development, are polluted and
drying up” (World Conservation Union 2003). Urbaniza-
tion is reported to have caused the decline and possible lo-
cal extinction of Chthonerpeton indistinctum in Uruguay
(Maneyro & Langone 2001), and the urbanization of his-
torical localities for Ichthyophis supachaii in southern
Thailand is also reported (Kupfer & Müller 2004). Agri-
culture is cited as the proximate cause of caecilian habi-
tat destruction in many places ( Wake 1993, 1994, 2002;
Wen 1998; Zhao 1998; Pillai & Ravichandran 1999: 84).
For example, the type locality of the (once thought to
be extinct) Caecilia marcusi is in an area of Bolivia “con-
verted to many square kilometres of cocaine poppy fields”
( Wake 1993: 115).

In this century, change in land use is predicted to have
potentially the largest effect on global terrestrial ecosys-
tems, especially for tropical ecosystems and subterranean
organisms (Sala et al. 2000), which means that caecil-
ians might be particularly threatened. Knowledge of their
habitat requirements and preferences is important in as-
sessing threats, but little is actually known. It is gener-
ally assumed that most terrestrial caecilians are primarily
inhabitants of moist forests (e.g., Gundappa et al. 1981;
Wake 1994). Some terrestrial caecilians, however, are also

known from open terrain and deciduous and strongly sea-
sonal scrub and woodland that might at least partly rep-
resent native habitats of some species (e.g., Indotyphlus
battersbyi, Chthonerpeton indistinctum, and Schistome-
topum gregorii; D.J.G. & M.W., personal observations). In
general, replacement of primary habitat by agriculture or
other anthropogenic ecosystems might be expected to be
detrimental to many taxa, but there is evidence that the
situation is more complex.

Anthropogenic habitat changes often do not have a
negative impact on all taxa. “Certain kinds of habitat dis-
turbance are not detrimental to caecilians and may even
provide good conditions for them” (Wake 1993: 115).
From published reports (e.g., Nussbaum & Pfrender 1998;
Hofer 2000) and our own field experience, we know that
this can be the case for several terrestrial species, at least
where forest is replaced with crops that maintain shade
and moisture and restrict soil erosion. Glaser (1984) be-
lieves that reports of high abundance of the East African
B. taitanus and Schistometopum gregorii in agricultural
habitats provide some hope for caecilian conservation. In-
deed, the highest densities ever reported for caecilians are
for the caeciliid Gegeneophis ramaswamii in plantations
(some monoculture) in the Western Ghats of India (Oom-
men et al. 2000; Measey et al. 2003b). There are almost no
published data on comparative abundance in primary and
in synanthropic habitats for any caecilian (but see Measey
2004). In a study in the Western Ghats, more caecilians
were found killed on roads passing through agricultural
land than on those passing through forest (Vijayakumar et
al. 2001: 257), although comparative data on traffic levels
are not presented.

It is possible that irrigation increases the area of suitable
habitat for B. taitanus in Kenya so that this species “seems
to thrive when the forest is removed” (Hebrard et al. 1992:
514). Other researchers suggest that agriculture may not
be detrimental for some caecilian species, especially if it is
sympathetic and not too intensive (Oommen et al. 2000).
Local agricultural workers and rural people in some parts
of São Tomé (Hofer 2000), Sri Lanka, and India (D.J.G. &
M.W., personal observations), for example, believe that
some caecilian populations have declined following the
increased use of agrochemicals, which also may have af-
fected B. taitanus in Kenya (Hebrard et al. 1992). Oom-
men et al. reported in 2000 that they did not find caecil-
ians in Indian plantations where agrochemicals were be-
ing used. More recently, however, (2002; O.V. Oommen,
personal communication) G. ramaswamii and Uraeoty-
phlus cf. naryani have been found in some of their study
sites, so the use of agrochemicals does not necessarily
preclude caecilian survival.

Diversity can remain high in agricultural settings for
other tropical herpetofauna (e.g., Andreone et al. 2003).
The situation for terrestrial caecilians is unlikely to be
uniform because caecilians are ecologically diverse (e.g.,
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Gower et al. 2004a) and because changes in tropical soil
quality that occur when native habitats are replaced with
agriculture vary widely depending on the types of soil
and farming (Stocking 2003). At least one aquatic caecil-
ian, Typhlonectes natans, thrives in some eutrophic wa-
ters in synanthropic and urbanized habitats in Venezuela,
among human habitation and associated waste that in-
cludes oil pollution (M.W., personal observation). Simi-
larly, it is reported that some caecilians occur in places
where human waste is dumped, and that Typhlonectes
are “abundant” and “widespread” in some synanthropic
habitats in Colombia and Guyana (Hofer 2000).

There are few, largely inconclusive data available on
environmental variables in caecilian habitats. For exam-
ple, it has been suggested that acidic soil is a prerequisite
for terrestrial caecilians (Gundappa et al. 1981: 483). Sev-
eral Indian species, however, occur in soils that are not
acidic (Oommen et al. 2000), and it is reported that cap-
tive “caecilians do not do well in very acidic soil” (Wake
1994: 224). One species of Ichthyophis lives in naturally
acidic conditions (about pH 4; Kupfer 2002) but thrives
in captivity at a neutral pH (Kramer et al. 2001). Clearly,
more data are required and a distinction must be made be-
tween conditions recorded in habitats yielding caecilians
and those that are preferred or tolerated.

We probably know much more about caecilians that
survive or thrive in disturbed habitats and little to nothing
about species that may have greatly declined or possibly
become extinct through the creation of such habitats.
Unfortunately, there are currently insufficient historical
or contemporary data to adequately assess potential de-
clines following habitat alteration. A better understanding
of current caecilian faunas and populations in pristine and
nearby disturbed habitats will allow this issue to be ex-
plored more satisfactorily.

Habitat destruction plays a primary role in declining
populations of other amphibians, but other biotic and
abiotic factors are also important (e.g., Gardner 2001;
Blaustein & Kiesecker 2002; Blaustein et al. 2003; Collins
& Storfer 2003; Daszak et al. 2003), including climate
change (Thomas et al. 2004). It has not been proposed
that perceived caecilian declines are caused by climate
change, but other threats have been suggested.

Disease

Chytridiomycosis is a factor in the decline of frogs and
salamanders (e.g., Berger et al. 1998; Daszak et al. 1999,
2003). We are aware of only a single report of chytrid
fungus (and no reports of any other infections) killing
wild caecilians (Wake 2002: 41). It is now clear that this
report was based on a mistaken understanding—there
have been no studies of chytridiomycosis in caecilians
and there are no confirmed reports (M. H. Wake, K.R.
Lips, personal communications 2003).

Scientific Collecting

In their discussion of Indian caecilians, Pillai and Ravi-
chandran (1999: 94) report that “As a queer ‘snake-like
frog,’ caecilians are in great demand as exhibits for col-
lege museums, . . . specimen suppliers have mercilessly
depleted them, [t]hey have . . . been exterminated in large
numbers . . . for biochemical analysis and tissue-assay stud-
ies, [and]. . . extensive area[s] . . . have been dug up [and]
caecilians . . . collected in hundreds.” The only Indian lab-
oratory we know of that regularly collected caecilians for
biochemical research is at the Department of Zoology of
the University of Kerala. Work on collections made over
about a decade beginning in the late 1980s (O.V. Oom-
men, personal communication) produced several pub-
lications on caecilian endocrinology (e.g., Josekumar &
Oommen 1988; Subash Peter et al. 1996). Virtually all
the specimens collected for these studies were of Gege-
neophis ramaswamii (not G. carnosus, as stated in these
publications) from agricultural habitats at a single locality,
the tea estate at Bonaccord. Recent surveys that found G.
ramaswamii in high abundance in this locality (Oommen
et al. 2000; Measey et al. 2003b) show that these extensive
collections over many years did not detrimentally affect
the local population.

Further evidence that even long-term scientific collect-
ing may not threaten caecilian populations is provided
by many years of research (1981 to present) on a single
population of Ichthyophis sp. in northeastern Thailand
(e.g., Himstedt 1996 and references therein; Kramer et
al. 2001; Kupfer et al. 2004a, 2004b). Specimens have
been collected there from a small area of an agricultural
landscape, sometimes in several successive years, without
any indication that the resident population has decreased
(W. Himstedt & A. Kupfer, personal communication).

Terrestrial caecilians are sometimes killed during the
digging of soil in agricultural land ( Measey et al. 2001,
2003a, 2003b), and many are killed by farmers mistaking
them for snakes. Such mortality must greatly dwarf the
mortality caused by even the biggest scientific collection
efforts from agricultural habitats. In a study in peninsular
India, 19 Uraeotyphlus sp. and 8 Ichthyophis sp. were
found dead on roads (total of 170.7 km of road distance)
sampled over 6 weeks (Vijayakumar et al. 2001). This
number of Uraeotyphlus exceeds the individual hold-
ings of most or all of the world’s major museum collec-
tions, and it further suggests that scientific collection is
responsible for less caecilian mortality than everyday hu-
man action in areas where humans and caecilians coex-
ist. The presence of caecilians in the soil is not generally
betrayed by surface indications, so targeted scientific col-
lecting of terrestrial caecilians usually involves extensive
digging. Digging is a rate-limiting step for collecting ter-
restrial caecilians and, in our experience, small teams of
researchers are extremely limited in the areas that they
can thoroughly search. Massive harvesting of an already
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threatened species across the whole range of a small dis-
tribution would be detrimental (and reckless), but the
necessary effort (and recklessness) makes it extremely
unlikely that this would happen.

Despite expressing concern about levels of scientific
collecting, some researchers also recognize that for In-
dian caecilians “[s]pecimens available in museums of the
world are far too few to establish the validity of existing
species,” and that “[f]urther explorations and intensive
surveys are needed to document their distribution” (Pil-
lai & Ravichandran 1999: 93). We fully endorse this per-
spective. The listing of species on threatened lists should
not automatically be used as a means to limit scientific
collecting (see also Molur & Walker 1998: 176). It may
be particularly important to make scientific collections
of threatened species when studies are needed to fur-
ther understand their biology and conservation. There
are extremely few examples of plant and animal species
threatened by scientific collecting and no evidence of its
causing caecilian declines. The IUCN generally views sci-
entific collecting as an aid to conservation, not a threat
(S. Stuart, personal communication). We applaud this per-
spective, and add that associated, accurate, and precise
collection data and good preservation and storage in an
accessible repository maximize the value of any scientific
collection, not least for conservation biology. We do not
consider scientific collecting a current threat for any cae-
cilian species.

Pet Trade

Caecilians are uncommon pets, but there is occasional
trade in animals collected from the wild. The aquatic
South American typhlonectid T. natans has been traded
for at least 20 years (Wilkinson 1981) and is the common-
est species available on the market—at least in Europe
and North America—perhaps as a bycatch of tropical fish
collecting (e.g., Wake 1994). Observation of abundant
aquatic caecilians in synanthropic habitats in South Amer-
ica has been used to argue that the export of Typhlonectes
spp. for the pet trade does not need to be restricted
(Hofer 2000). Terrestrial species that are also occasionally
available commercially include Ichthyophis spp., prob-
ably from Southeast Asia; species of Boulengerula and
Scolecomorphus from East Africa; Herpele squalostoma
and Geotrypetes cf. seraphini from Cameroon and per-
haps neighboring countries; and Dermophis mexicanus
from Central America. At least some of these taxa appear
to occur at least sometimes in high abundance (D.J.G.
& M.W., personal observation; Hofer 2000; Gower et
al. 2004a, 2004b), but quantitative estimates of popu-
lation sizes have not been reported. Additionally, there
appear to be limited ways to fully assess the threat that
the pet trade may pose, especially without accurate and
precise locality data. Most caecilians have not been bred

in captivity, although success has been reported for the
aquatic Typhlonectes (e.g., Körber 1987), semiaquatic
Chthonerpeton indistinctum (Barrio 1969), and terres-
trial S. thomense (Haft & Franzen 1996; O’Reilly 1996)
and Ichthyophis spp. (Kramer et al. 2001).

Threatened Species Lists

Data sheets from the 1997 CAMP assessments (see Molur
& Walker 1998) report “continuing decline observed in
area of occupancy” for all 16 species of Indian caecilian,
but numbers are given for only Ichthyophis beddomei
and I. longicephalus (declined by 20% and <20%, re-
spectively, over 10 years). It is unclear, though, how de-
cline was assessed or quantified. For example, one of
the species recorded as declining (G. fulleri ) is known
from only a single specimen collected before 1905 (e.g.,
Pillai & Ravichandran 1999), and decline of Ichthyophis
longicephalus was quantified despite the fact that the as-
sessment was “based only on 3 specimens.” The lack of
explicit data has resulted in several changes to the conser-
vation status of caecilians in the recent Global Amphibian
Assessment (Appendix).

For amphibians of the Western Ghats, there are “hardly
any quantitative data with respect to population size, re-
productive potential, survivorship. . .” so concrete state-
ments on conservation status are generally not possible
(Ghate 2002: 98; Padhye & Ghate 2002: 736). The catego-
rization of the conservation status of Uruguayan Chthon-
erpeton indistinctum as “atención especial,” the most
fragile of three categories, is based on scores given for
distribution, habitat use, abundance, and reproductive
potential, but sources of data are not given. The IUCN
listing of Ichthyophis glandulosus and I. mindanaoensis
was based on the consideration by a panel in 1999 of per-
ceived threats, known distributions, and panel members’
field experience (A. Diesmos & C. Banks, personal com-
munication). The same approach was used frequently for
caecilians in the recent Global Amphibian Assessment
(Appendix).

We believe that the conservation status of the major-
ity of caecilian species must be considered data deficient
(Appendix). According to the World Conservation Union
(2003) “great care should be exercised in choosing be-
tween DD [data-deficient] and threatened status. If the
range of a taxon is suspected to be relatively circum-
scribed, if a considerable period of time has elapsed since
the last record of the taxon, threatened status may well
be justified.” The point about time elapsed since the last
record is particularly important. A long absence of records
for conspicuous species should provoke concern about
conservation status, but the same might not be the case
for an inconspicuous, difficult to identify, almost perma-
nently soil-dwelling amphibian, especially where routine
faunistic surveys do not include digging (e.g., Gower et
al. 2004b).
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Threatened species lists might have limited value in cer-
tain respects because of “uneven taxonomic treatment;
variation in observational effort; and the fact that changes
in the lists more often reflect change in knowledge of sta-
tus rather than change in status itself” (Possingham et al.
2002: 505). Caecilians might be expected to be partic-
ularly affected by such biases (Nussbaum & Wilkinson
1989), but this might be less of a problem if lists are
linked to supplementary information detailing the data
used in assessments. Such a modification might be one
of the improvements (see also Lamoreux et al. 2003) that
would continue to make the IUCN Red List a useful, cen-
tral framework for conservation biology.

Population Assessment

“Caecilians are difficult to sample because they are
aquatic or fossorial and are rarely observed,” and “[t]here
are no widely known techniques for sampling caecilians”
(Heyer et al. 1994: 7; Pillai & Ravichandran 1999: 4, 93).
Soil-dwelling vertebrates can be overlooked in routine
(without digging) surveys of terrestrial faunas (Gower et
al. 2004b). For example, workers in one study involving
more than 6000 person-hours of above-soil quadrat, tran-
sect, and visual encounter surveys in Peruvian rainforest
(Doan 2003) found only one caecilian, a Caecilia sp., and
it was under attack from ants (T.M. Doan, personal com-
munication). In contrast, 85 B. boulengeri were found
in 76 person-hours of digging in a Tanzanian rainforest,
but no specimens were encountered in associated pitfall
trapping or casual visual surveys (Gower et al. 2004a). In
their handbook on monitoring Neotropical amphibians,
Lips et al. (2001: 9) state, “It is not possible to monitor
all species of amphibians because many (especially trop-
ical salamanders and caecilians) are secretive and are en-
countered in such low numbers that population trend es-
timates are impossible.” Similar views are expressed else-
where (e.g., Doan 2003: 74). Although possibly true for
some species, several reports of high abundance of cae-
cilians, including Neotropical species (Sarasin & Sarasin,
1887–1890; Loveridge 1936; Seshachar 1942; Largen et
al. 1972; Glaser 1984; Hebrard et al. 1992; Nussbaum &
Pfrender 1998; Hofer 2000; Oommen et al. 2000; Measey
& Di-Bernardo 2003; Measey et al. 2003a, 2003b) justify
greater optimism that meaningful quantitative ecological
study is possible for at least some caecilians.

Reports of a lack of recent collection of specimens
(e.g., Wake 1993, 1998; Pillai & Ravichandran 1999; Ghate
2002; Padhye & Ghate 2002) generally do not detail the
unsuccessful effort. Studies reporting differential collec-
tions of some versus zero specimens over time (e.g., Pillai
& Ravichandran 1999) do not include specific sampling
regimes or data amenable to statistical analysis. Others
(e.g., Wen 1998) assert that populations are declining
but present no explicit methods or data. The duration
of resurveys and the type of data gathered affect what

can be determined about distribution change and decline
(Skelly et al. 2003), making the lack of details about re-
ported negative sampling in known caecilian localities
doubly frustrating. In some cases, the lack of clear evi-
dence has already been recognized (e.g., Crump 2003:
55; AmphibiaWeb 2004: entry for Ichthyophis bannani-
cus). The “probability of extinction should be correlated
both with population size variance and with the extent
of population isolation” (Green 2003: 331). These param-
eters are simply unknown for caecilians. There are virtu-
ally no data on population size in any species anywhere
(Measey et al. 2003a, 2003b), so it is not surprising that
evidence to support claims of decline in the form of long-
term quantitative data is entirely lacking.

If “there is a desperate need for comprehensive mon-
itoring studies on amphibian populations world-wide”
(Gardner 2001: 35), perhaps caecilians should be in-
cluded. Populations of other amphibians can fluctuate
dramatically (e.g., Semlitsch et al. 1996) even in the ab-
sence of anthropogenic factors, and long-term study is
required to accurately estimate population size without
undue influence of stochastic factors (Meyer et al. 1998;
Marsh 2001). No long-term studies have been carried
out on any caecilians. Recently, some progress has been
made toward trials of field methods for assessing caecilian
abundance. Tested methods include marking techniques
(Measey et al. 2001), mark-recapture studies (Measey &
Di-Bernardo 2003; Measey et al. 2003a), and quantitative,
randomized surveys ( Kupfer 2002; Measey et al. 2003b;
Measey 2004). More work is urgently required to test
the efficacy and to extend, refine, and standardize ap-
propriate field methods, but those already available can
be used now to obtain sorely needed baseline data. Long-
term quantitative studies may prove unfeasible for some
species, situations, or both, but this must not be assumed
a priori.

Distribution Change

The lack of discovery of caecilians at a site where they had
previously been recorded need not be explained only as
decline (or sampling failure); it could also be considered a
change in distribution. In addition to lack of published de-
tails on negative caecilian sampling mentioned previously
and the need to consider resampling duration (Skelly et al.
2003), the baseline distribution data for almost all caecil-
ian species are poor. As with other amphibians, caecilian
species may be structured as metapopulations, some of
which may suffer background extinction or decline with-
out the species as a whole being threatened. Thus, accu-
rate knowledge of distribution is an important factor in
assessing conservation status. Currently, even small-scale
surveys can substantially expand the known distribution
of some supposedly uncommon caecilian species (e.g.,
Oommen et al. 2000). Many more field data are needed.
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Taxonomy

Conservation biology demands good taxonomy (e.g.,
Daugherty et al. 1990; Molur & Walker 1998; Keogh et
al. 2001; Dubois 2003; Valdecasas & Camacho 2003).
For many caecilian genera, the most recent taxonomic
treatments and keys available are those of Taylor (1968).
Many parts of Taylor’s (1968) work include inconsisten-
cies and errors (e.g., Wilkinson 1988; Wilkinson & Nuss-
baum 1992; Kupfer & Müller 2004), and these seriously
compromise the ability of biologists to use published keys
and descriptions to identify caecilians. Inadequate taxon-
omy is one of the main factors leading to a data-deficient
status of caecilian species in the recent Global Amphibian
Assessment (see Appendix). We caution against uncriti-
cal use of the taxonomic literature and recommend the
collection and deposition of voucher specimens of any
caecilians encountered in ecological, biogeographic, or
conservation field studies.

Summary and Prospectus

Many publications claiming to address the conservation
of Amphibia communicate little or nothing about caecil-
ians. Workers trying to synthesize and manage databases
on amphibian populations worldwide have noted a gen-
eral lack of data, and a specific plea has been made for
population information on caecilians (and salamanders)
so that knowledge of possible amphibian declines be-
comes more than information on frog declines (Halliday
1999). Anecdotal concerns merit consideration but, to be
useful, reports should include details of taxa, dates, and
localities. Future reports of caecilian population trends
need to be of higher scientific quality. Inadequate taxon-
omy is a serious impediment to all branches of caecilian
research. Taxonomic instability and difficulties in identi-
fication dictate that for most species voucher specimens
need to be collected for all forms of study. The need for
taxonomic revision is exemplified by the currently inade-
quate knowledge of most of the species of the two largest
genera, the Neotropical Caecilia and Asian Ichthyophis,
but all caecilian species require further taxonomic study.

In some ways the current level of knowledge of po-
tential caecilian population declines is reminiscent of
the situation with frogs a decade ago (see, for example,
Blaustein 1994; McCoy 1994; Pechmann & Wilbur 1994;
Travis 1994). Some claims of caecilian declines and causes
of declines have been made but without clear evidence
and few suggestions about how to progress. The current
situation for caecilians, however, is undoubtedly worse.
The relatively great knowledge and interest in frogs allows
possible declines to come to attention fairly swiftly and en-
genders better understanding of how to tackle scientific
questions that are raised. In the face of known declines
of some noncaecilian amphibians, the absence of data is
not a firm basis for being indifferent to claims of caecil-
ian declines. One simple response is to call for immediate
monitoring programs to be established, but this requires

additional consideration of, for example, how monitor-
ing should be undertaken and which species and habitats
should be investigated. To begin to address these ques-
tions, more fundamental research in caecilian biology is
needed. In particular, field-based research will improve
the meager knowledge of caecilian biology and dramati-
cally increase the chances of identifying instances of pos-
sible decline that merit dedicated study.

The potential threat of chytridiomycosis merits imme-
diate assessment, especially in highland Central and South
America and Tanzania (areas of caecilian distribution in
which this disease is known to have killed populations of
other amphibians; see, for example, Daszak et al. 2003;
Weldon & du Preez 2004). Chytrid fungi inhabit water and
moist soil (e.g., Daszak et al. 1999), so caecilians might
be particularly exposed. Aquatic caecilians or those with
an aquatic larval stage might be targeted for initial inves-
tigations, although all Central American and Tanzanian
species (where known) are terrestrial and have direct de-
velopment or are viviparous.

Caecilian species that have not been reported for
many years, often since their initial description, should
be a priority for precise and accurate revisions of
conservation-status data. Outstanding examples include
the West African Crotaphatrema bornmuelleri (not re-
ported since 1893) and Herpele multiplicata (1912 or
earlier), East African B. denhardti (1912 or earlier), and
Indian G. fulleri (1904 or earlier)—the latter three are
each known from single specimens.
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Appendix. Caecilians and the 2004 Global
Amphibian Assessment.

The Global Amphibian Assessment (GAA) is a joint project of the World
Conservation Union (IUCN) Species Survival Commission, Conserva-
tion International’s Center for Applied Biodiversity Science, and Nature-
Serve. It aims to assess the conservation status of all amphibian species
globally. The GAA began in 2000 and the first version of the database
was released in October 2004 (World Conservation Union et al. 2004).
It is hoped that assessments will be reviewed in the future as part of an
ongoing program.

Regional workshops were held throughout the world. Those relevant
to caecilians were held in Africa (Kenya, April 2002), southern Asia (In-
dia, July 2002), Southeast Asia (Thailand, October 2002), South America
(Brazil, April 2003; Ecuador, August 2003; Argentina, October 2003),
and Central America (Costa Rica, November 2002). At these work-
shops, the conservation status of every recognized species of amphibian
was discussed. Where further work was required, smaller groups were
tasked with completing assessments. In view of the paucity of caecilian
specialists, regional assessments were often undertaken partly by more
general herpetologists or frog and salamander specialists. Assessments
for the Seychelles were conducted by correspondence review. After
preliminary reviews, all draft assessments were finalized during a 3-day
meeting of conservation and caecilian specialists held at The Natural
History Museum, London, in February 2004.

Current IUCN criteria and categories were used to categorize the sta-
tus of each species. Where possible, distribution maps were produced
within a geographic information system (GIS) framework.

A total of 167 caecilian species were assessed (Table 1). In identify-
ing 25 world biodiversity hotspots, Myers et al. (2000) report that the
proportion of amphibians endemic to these areas (54%) is higher than
for tetrapods as a whole (35%). Although distribution data for all cae-
cilians are imprecise, we estimate that more than two-thirds of species
are endemic to these 25 hotspots.

Table 1. Summary of the data on caecilians in the 2004 Global Amphibian Assessment.

Number of data Least Vulnerable Endangered
Species deficient (%) concern (%) (%) (%)

Region
Southeast Asia 26 24 (92) 2 (8) 0 0
Southern Asia 25 19 (76) 4 (16) 2 (8) 0
Africa 21 11 (52) 10 (48) 0 0
Seychelles 6 0 4 (66) 1 (17) 1 (17)
South America 73 46 (63) 27 (37) 0 0
Central America∗ 16 9 (56) 7 (44) 0 0
Total 167 109 (65) 54 (32) 3 (2) 1 (1)

Family
Rhinatrematidae (South America) 9 5 (56) 4 (44) 0 0
Ichthyophiidae (southern & Southeast Asia) 39 32 (82) 5 (13) 2 (5) 0
Uraeotyphlidae (India) 5 5 (100) 0 0 0
Scolecomorphidae (Africa) 6 3 (50) 3 (50) 0 0
Caeciliidae (not Southeast Asia) 94 55 (59) 37 (39) 1 (1) 1 (1)
Typhlonectidae (South America) 14 9 (64) 5 (36) 0 0

∗The few species present in Central America that also extend into northern South America were arbitrarily recorded as Central American.

There was notable disparity in the assessed status of caecilians among
major geographic regions. For example, many southern Asian caecilians
were recorded as threatened at the first-draft stage, whereas most South-
east Asian species were data deficient, even where the level of knowl-
edge was comparable. In these cases disparity was interpreted largely
as uneven treatment rather than as a real difference in knowledge, and
greater evenness in assessments was introduced at later stages.

Although many have not been reported for many years, no caecilian
species are known to be extinct. The only caecilian species listed as
endangered is the Seychellean caeciliid Grandisonia brevis, which is
known only from a few localities in a small area in which its apparent
habitat is undergoing decline. The three vulnerable species (Table 1)
are the Sri Lankan ichthyophiids Ichthyophis orthoplicatus and I. pseu-
dangularis, along with the Seychellean caeciliid Praslinia cooperi. Al-
though the proportion of data-deficient species is large for all geographic
regions (except the Seychelles) and families, it is notably the largest for
uraeotyphlids and ichthyophiids of southern and Southeast Asia. Knowl-
edge of the conservation status of these groups (especially the large
family Ichthyophiidae) is particularly affected by confused taxonomy.
Improving the taxonomy of these groups is a research priority.

Most species listed as data deficient are known from very few speci-
mens and require further taxonomic investigation. Several species with
reportedly large distributions are listed as data deficient because they
are taxonomically problematic and voucher specimens are not reported
or have not been verified. Most species listed as least concern were
done so on the basis of seemingly large geographic distribution rather
than knowledge of population sizes and trends. Other least-concern
species are known from smaller distributions but have been collected
from secondary habitats, demonstrating some degree of adaptability.
Some species listed as least concern are of doubtful taxonomic validity.
For example, the Southeast Asian ichthyophiid Ichthyophis kohtaoen-
sis is recorded from much of Thailand and peninsular Malaysia, but the
type material was collected from the small Gulf of Thailand island Koh
Tao, and the referral of at least some of the material from the mainland
requires reassessment (e.g., Kupfer et al. 2004a, 2004b). A restricted
concept of I. kohtaoensis may have important implications for future
assessments of this species.

There are several differences in status from previous, mostly national
level assessments. For example, in a previous assessment (summarized
by Molur & Walker 1998) the Indian caeciliid Gegeneophis ramaswamii
was considered endangered, based on the belief that it was forest de-
pendent and known from only two localities. It is now listed as least
concern based on a clearer understanding of taxonomy, adaptability,
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and distribution (Oommen et al. 2000). Another Indian caeciliid, In-
dotyphlus battersbyi, is now data deficient rather than critically endan-
gered because of uncertainty over its distribution and ecological require-
ments. A national assessment (Zhao 1998) lists the Chinese ichthyophiid
Ichthyophis bannanicus as endangered, claiming that the total popula-
tion declined from about 5000 before the 1960s to 400 in 1986, although
no source for these data is given. Chou Wenhao reported to a GAA work-
shop that about 200 individuals were collected in a single night in the
Xishuangbanna National Reserve in 2000. In view of its apparently large
distribution and evidence that it tolerates some habitat disturbance, the
new assessment for I. bannanicus is “least concern.”

The overwhelming picture that comes from an overview of the GAA
caecilian data is the severe lack of information. Two-thirds of species are
data deficient and most of the remaining third are least concern because
of lack of evidence of threats and declines rather than positive evidence

of stable populations. Although the GAA data for frogs and salamanders
are not yet complete, it is clear that the proportion of data-deficient
species is substantially lower than for caecilians.

It is not possible to list here all those who contributed to the caecilian
assessments. A full list of contributors can be found for each species in
the Global Amphibian Assessment database released in October 2004
(World Conservation Union et al. 2004).
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