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The indotyphlid caecilian amphibian Idiocranium russeli Parker, 1936 is the only
nominal species in its genus. Apart from two additional, largely overlooked
locality records that we consider to be of an undescribed species, I. russeli is
known with certainty from only a single collection of c.50 specimens from a single
locality in 1933. We report new material from fieldwork in 2012 carried out in the
vicinity of the type locality. Digging surveys at 34 sites for a total of >2000 person
minutes found 50 I. russeli at 15 of these sites, extending the known range of the
species by more than 40 km south and from an elevation of c.670 m to 104–820 m.
The species probably occurs in nearby Nigeria and in some protected areas, is
tolerant of some human disturbance, and is likely to move from Data Deficient to
Least Concern on the IUCN Red List. Males have relatively longer and wider
heads than females. Total length measured for preserved specimens is less than for
freshly anaesthetized specimens, by up to 14.1%. Previously, preserved I. russeli
were reported as having a maximum length of 114 mm, but the new sample
includes specimens with total lengths of 145 mm in preservation and 167 mm
when fresh. The sex of the smallest independent specimens (total length 62 mm in
preservation) could be determined from examination of the gonads, hatchlings are
c.30 mm, and I. russeli is confirmed as one of the smallest known caecilian species.

Keywords: abundance; caecilian; Cameroon; Mamfe; reproduction; size

Introduction

The caecilian amphibian Idiocranium russeli Parker, 1936 is the sole described species
in a genus endemic to Cameroon. Parker (1936) described the genus and species on
the basis of a series of 49 specimens collected from ‘Makumunu’ at 2200 feet (=
670 m) in south-western Cameroon during a 1932–1933 (not 1934–1935 contra Wake
1986) expedition by Ivan T. Sanderson. Sanderson (1935a, 1935b) made passing
references to ‘coecilian’ discoveries in Asumbo (the hills north of Mamfe in which
Makumunu lies) in brief reports of his expedition, and he subsequently (Sanderson
1937) published a non-specialist book about his extensive fieldwork in south-western
Cameroon that includes an account of the discovery of I. russeli.

There are reports of I. russeli based on three specimens collected in April 1947 by
A. Monard from two additional Cameroon localities, Ndikiniméki and Kon, far
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(c.220–230 km) to the south-east of the type locality (Perret and Mertens 1957; Perret
1966; see also LeBreton 1999). These reports and specimens were overlooked by
Taylor (1968), who reported incorrectly (p. 626) also that the type locality was
‘now in Nigeria’, and by Wake (1986) and Lawson (1993), who stated that the species
had been collected only once. However, Loader and Wilkinson (2004) suggested that
the conspecificity of the specimens previously referred to I. russeli needed checking
and, based on differences in external morphology and osteology (pers. obs.), we
consider the populations at Ndikiniméki and Kon to represent a second, as yet
undescribed, species of Idiocranium.

Idiocranium russeli is best known for reportedly being the world’s smallest caeci-
lian, or the smallest along with the Seychelles indotyphlid Hypogeophis brevis
Boulenger, 1911 (e.g. Taylor 1968; Wake 1986; Lawson 1993; Duellman and Trueb
1994; Clarke 1996; Nussbaum 1998; Hofrichter 2000; Vitt and Caldwell 2013). Parker
(1936) reported adults of I. russeli at a maximum size of 114 mm ‘snout to vent’ (as
the vent is almost at the body terminus this, if it is actually what Parker measured, is
likely only c.1 mm less than total length) and also reported mature females as small as
90 mm ‘associated with developing eggs’. The smallest paratype reported by Parker
(1936) was 51 mm and had (p. 162) ‘no trace of larval or embryonic characters’.
Wake (1986) reported a maximum total length (based on the same material available
to Parker) as 114 mm (p. 1) or 113 mm (table 1), and the smallest 50 mm.
Encyclopaedia Britannica (2014) gives the maximum length at 104 mm.

In their revised classification of caecilians, Wilkinson et al. (2011) tentatively
included Idiocranium in the Indotyphlidae based primarily on overall similarity to
other indotyphlids. The Indotyphlidae otherwise comprises the Ethiopian monotypic
endemic Sylvacaecilia Wake, 1987 and 19 species from five genera endemic to either
Seychelles or peninsular India. In a phylogenetic exploration of traditional morphol-
ogy and neuroanatomical data, Wilkinson (1997) recovered Idiocranium as closely
related to the indotyphlid Hypogeophis Peters, 1879. The phylogenetic analyses of
Maddin et al. (2012), of morphological data including new evidence from braincase
osteology, and San Mauro et al. (2014), of complete mitochondrial genome
sequences, both support the referral of Idiocranium to Indotyphlidae.

Having been collected with certainty only once from a single locality nearly 80
years ago, I. russeli has been assessed as Data Deficient in the IUCN Red List global
conservation assessments (IUCN 2013). The majority of caecilian species are cur-
rently classified as Data Deficient and it has been suggested that the best way to
change this situation is through targeted fieldwork (e.g. Doherty-Bone et al. 2011;
Kotharambath et al. 2012). This proposition has not been tested much thus far,
though it could have important implications for determining whether and how to
expend effort to determine the conservation requirements of rarely encountered and
poorly known organisms. Here we report new collections of I. russeli based on
targeted new fieldwork, and provide new data on its distribution and habitat associa-
tions, conservation status, reproductive biology, and size.

Materials and methods

The new fieldwork reported here was conducted in September 2010 and April and
May 2012. Fieldwork was targeted (non-random), with the main aim to locate
specimens of I. russeli. In 2010 we surveyed only four closely grouped sites near the
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town of Mamfe. In 2012, we began searching in Makamune (a more common spelling
for Makumunu that we encountered and use here, though we have also seen
Mokomono and Mukumunu), that we understood to be the type locality of I. russeli,
and then in and around other villages in the vicinity of Mamfe, Manyu Division,
South West Region, Cameroon. Our focus was between Makamune and Mamfe
because this was the route along which Sanderson worked in 1932–1933 (Sanderson
1935b, 1936) and because it remains one of the more accessible routes in the area. The
34 localities that we surveyed are summarized in Tables 1 and 2, and the main centres
(of fieldwork and of human habitation) are indicated in Figure 1. Surveys were
initiated by talking to local people, showing them live and preserved caecilians
(collected elsewhere in Cameroon) and/or photographs of African caecilians, and
describing the type of habitat that we expected them to occur in (moist, organically
rich soil in shady places). At each village, local people directed us to likely habitats.
We spent less than one hour at each locality regardless of whether I. russeli was
found. At each locality we dug soil to a depth of typically c.30 cm using between one
and five heavy-duty, steel-bladed digging hoes. We recorded the total person hours
and minutes spent digging and/or the estimated total surface area of soil dug. A total
of 2145 person minutes (35.75 person hours) of digging surveys were carried out. Soils
were characterized using the hand method reported by Dubbin (2001), and soil
temperatures were recorded at a depth of c.15–20 cm. Canopy cover was estimated
by eye for ground areas of approximately 6 × 6 m, with estimated values agreed by
two people where possible.

As far as possible, all I. russeli that we encountered were collected. Specimens
were given a lethal dose of the anaesthetic MS222, fixed in 5–10% aqueous formal-
dehyde for approximately 48 hours, washed in water and stored in 70% ethanol or
industrial methylated spirits. Specimens have been deposited in the Natural History
Museum, London as BMNH 2008.688. Total length (TL, to nearest 1 mm) of speci-
mens was recorded prior to fixation (under anaesthesia) and three months after
fixation by carefully but firmly stretching specimens against a ruler.

For Sanderson’s and our new preserved material, we used dial callipers to
measure head length and width. The former was measured as the distance between
the snout tip and first nuchal groove (laterally, behind the corner of the mouth) and
the latter as the greatest transverse width of the head between the back of the mouth
and the first nuchal groove.

Results

Distribution

Based on external morphology, chiefly colour and numbers and visibility of second-
ary annular grooves, and skull osteology (unpublished data), we do not consider the
populations from Ndikiniméki and Kon to be I. russeli but instead an undescribed
congeneric species that will be documented elsewhere. Thus, I. russeli is known only
from the region approximately between the towns of Mamfe and Akwaya in South
West Region, Cameroon.

We found I. russeli in 15 of the 34 localities we searched in the Mamfe–Akwaya
region (Table 2; Figure 1). The species was found at elevations of 104–820 m, with the
elevation of surveyed localities ranging from 89 to 820 m. Excluding clutches of eggs
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and/or young (and a single specimen provided by local people from a non-quantitative
survey at locality 15), a total of 49 independent I. russeli were found at a mean rate of
1.37 per person hour of digging (2.26 per person hour for those sites where this species
was found), compared to 39 Geotrypetes seraphini (Duméril, 1859) (1.09 and 1.77 per
person hour, respectively) and four Herpele squalostoma (Stutchbury, 1836) (0.11 and

Figure 1. Map of the vicinity of Mamfe, south-western Cameroon, indicating towns (squares),
villages (circles) and position of focal points of localities where soil-digging surveys were
conducted. See Tables 1 and 2 for details. Blue lines = major rivers; solid black
line = Cameroon–Nigeria border; dotted lines = protected area boundaries. Protected areas
abbreviated as follows: BMWS = Banyang Mbo Wildlife Sanctuary; CRNP = Cross River
National Park; EFR = Ejagham Forest Reserve; KNP = Korup National Park; MFR = Mone
Forest Reserve; N-A FR = Nta-Ali Forest Reserve; TNP = Takamanda National Park.
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1.12 per person hour, respectively). Idiocranium russeli occurred in sympatry with two
other caecilian species: G. seraphini at nine of 15 sites; H. squalostoma at one of 15; no
single site yielding all three species. Only one locality yielded both G. seraphini and H.
squalostoma (Table 2). We found early life-history stages of I. russeli (eggs or hatchl-
ings) attended by adults at three localities and of G. seraphini (newborns attended by
adults) at five localities, these occurring in sympatry at one locality (locality 14).

Of the 19 localities where we did not find I. russeli, most (14) were below 400 m
elevation, and most (13) were in the more southern part of the survey ‘transect’, south
of 6° N. Only one I. russeli was found in any of the 14 localities surveyed south of 6°
N. In comparison, 12 of the 20 localities further north yielded I. russeli specimens
(Figure 2). It is our impression that I. russeli, at this time, was most readily found in
very wet places, in a range of soil types and degree of canopy cover. Above 300 m, we
failed to find I. russeli at only six of 19 sites surveyed and of these one (locality 7) had
dry soil, one (locality 20) had recently been cleared by slash and burn, and one
(locality 17) was searched for only 0.25 person hours. Photographs of habitat in the
survey area are shown in Figure 3.

Size

We were able to determine sex of all the independent (i.e. excluding those attended by
mothers) I. russeli that we collected from examination of gonads. We found males

Figure 2. Distribution and abundance of Idiocranium russeli along a regional ‘transect’ show-
ing variation with elevation and latitude found during fieldwork in 2010 and 2012. Smallest
circles indicate no specimens found; size of other circles is proportionate to abundance from 1
to 8 animals (to the nearest 1) per 100 minutes of digging. For locality details and raw
abundance data see Tables 1 and 2. Locality 15 is not included because it was not part of a
quantitative survey.
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and females of fresh TL 76–167 and 66–140 mm, respectively (TL post-fixation 71–
145 and 62–122 mm, respectively) (Table 3; Figure 4).

Among Sanderson’s collection, Parker (1936) reported ‘juvenile’ I. russeli as small
as 51 mm ‘from snout to vent’. From the same material, Wake (1986) reported a
specimen of TL 50 mm (measured here as 52 mm). The TLs of preserved animals
from Sanderson’s collection recorded by us are, on average, 5.1% (range from – 2.7 to
13.7%, standard deviation ± 3.6; correlation coefficient 0.98; linear regression
y = 6.718 + 0.978x) greater than those reported by Wake (1986) with only three of
29 comparative measures shorter in this study (Table 4). The TLs of specimens from
our new collection (Table 3) in preservation range from 0.7% to 14.1% (mean
7.9% ± 3.1) shorter than when measured fresh (correlation coefficient 0.98; linear
regression y = 7.075 + 0.858x).

Sex ratio and sexual dimorphism

Overall there is no indication of a biased sex ratio in the new sample of I. russeli (28
females, 23 males). Males have significantly (p < 0.0001) proportionately larger heads
than females based on ANCOVA (TL as the covariate) for both head length

Figure 3. Photographs showing some habitats in the survey area, April 2012. (A) View
approximately south from disturbed habitat on the outskirts of Kakpenyi to less disturbed
forest in the nearby hills; (B) view approximately north along the Makamune valley from the
northern edge of Tinta, the locality ‘Tinta 4’ is the recently burned patch at the centre of the
picture; (C) digging fieldwork at ‘Tinta 3’; (D) digging fieldwork at ‘Makamune 4’.
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Table 3. Data for 51 Idiocranium russeli collected from the Mamfe region of Cameroon in
2010. All specimens are accessioned under BMNH 2008.688 and are here identified individu-
ally by field tags (all of which have an ‘MW’ prefix).

Field tag Sex TLf TLp Mass HL HW

8350 F 106 103 0.91 4.6 2.9
8360 F 104 100 0.75 4.4 3.0
8468 F 134 119 1.84 5.2 3.6
8472 F 122 115 1.04 4.8 3.2
8480 F 125 110 1.17 5.1 3.2
8483 F 140 122 1.46 5.5 3.5
8486 F 85 79 0.57 4.2 2.7
8495 F 125 114 1.06 4.8 3.1
8509 F 100 88 0.75 4.3 3.0
8511 F 120 110 1.35 5.3 3.5
8618 F 120 110 1.40 5.1 3.6
8625 F 130 118 1.48 4.8 3.4
8627 F 122 113 1.21 4.9 3.3
8629 F 134 120 1.38 5.2 3.7
8631 F 66 62 0.32 3.6 2.3
8649 F 118 115 0.94 4.7 3.3
8650 F 126 122 1.33 5.3 3.6
8661 F 125 120 1.04 4.8 3.3
8662 F 117 113 1.25 4.9 3.4
8663 F 74 69 0.35 3.8 2.4
8683 F 108 100 1.06 4.6 3.1
8686 F 109 100 0.75 4.5 3.1
8688 F 120 110 1.06 5.0 3.1
8690 F 105 97 0.73 4.6 3.0
8692 F 114 104 0.83 4.8 3.0
8693 F 98 90 0.72 4.2 2.9
8380 F 95 4.7 3.0
8550 F 118 4.8 3.3
8359 M 96 93 0.59 4.4 2.8
8364 M 118 105 1.06 5.2 3.6
8370 M 139 138 2.48 6.5 4.0
8466 M 149 128 2.56 6.0 4.1
8469 M 161 145 2.97 6.9 4.6
8482 M 131 118 1.35 5.3 3.6
8477 M 76 71 0.40 3.9 2.7
8488 M 111 100 0.94 5.0 3.3
8489 M 85 80 0.47 4.3 2.7
8490 M 110 100 1.10 5.3 3.5
8491 M 117 108 0.93 5.2 3.3
8513 M 167 145 2.54 6.7 4.5
8607 M 143 134 3.40 6.9 4.8
8630 M 115 107 1.07 4.9 3.5
8633 M 102 92 0.76 4.4 3.0
8647 M 102 94 0.82 4.5 3.2
8648 M 112 106 0.98 4.9 3.4

(Continued )

Journal of Natural History 243

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
5:

04
 0

8 
A

pr
il 

20
16

 



(Figure 5A) and head width (Figure 5B). The four (fresh TL) or five (preserved TL)
largest animals were male, but 13 of the longest 21 (fresh TL) were female (Figure 4).
Males and females are not significantly different in TL based on the t-test (p = 0.704)
or u-test (p = 0.8571).

Colour

Parker (1936) reported I. russeli as ‘blue-grey above, lighter beneath’, though we
assume he did not see live animals himself. The specimens we found were variable in
colour in life, generally brown, some darker (towards blue-grey) and a few substan-
tially paler (brownish pink) (Figure 6). All were paler ventrally than dorsally.
Although not immediately obvious to the naked eye, the specimens have a middorsal
stripe (clearly seen in photographs taken with flash, Figure 6) demarcated by dorso-
lateral flanks that have a dense spotting of pale glands. The superficially aglandular
dorsal stripe is not apparent on the posterior third where the annular grooves become
dorsally complete. The annular grooves are not obvious to the naked eye anteriorly
but are increasingly well marked posteriorly, appearing paler than the adjacent skin
macroscopically (Figure 6), with each groove associated with a row of large whitish

Table 3. (Continued).

Field tag Sex TLf TLp Mass HL HW

8679 M 130 120 1.35 5.7 3.6
8684 M 112 102 1.02 5.3 3.5
8687 M 120 104 1.09 5.3 3.6
8691 M 102 92 0.78 5.0 3.4
8212 M 72 3.8 2.5
8382 M 104 4.8 3.1

Notes: TLf = fresh total length; TLp = preserved total length; HL = distance between tip of
snout and first collar groove, measured laterally (head length); HW = maximum head width
between corner of mouth and first collar groove. Dimensions in mm, mass in g. Blank cells
indicate data not recorded.

Figure 4. Size of newly collected sample of Idiocranium russeli. (A) Preserved length frequency
distribution; (B) fresh total length versus mass.
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glands. Sanderson’s specimens have a similar colour pattern to our newer material
but are now generally paler, some being a pale tan.

Reproductive biology

Some adults of the type series of I. russeli were reported as being found coiled around
clutches of eggs (Parker 1936; Sanderson 1937) but there are no eggs among the

Table 4. Data for 30 specimens of Idiocranium russeli collected by I.T. Sanderson from near
Mamfe in 1933. This is the subset of Sanderson’s specimens that were measured by both Wake
(1986) and in this study (data from this study given in parentheses). Our observations of sex
were the same as those reported by Wake (1986) unless otherwise indicated.

Tag Sex TL HL HWja

BMNH 1946.9.5.71 F 102 (104) 5.3 (4.8) 3.5 (3.3)
BMNH 1946.9.5.73 F 104 (108) 5.2 (4.4) 3.1 (3.3)
BMNH 1946.9.5.76 M 104 (106) 5.2 (4.9) 3.2 (3.3)
BMNH 1946.9.5.77 F 111 (115) 5.2 (4.7) 3.2 (3.2)
BMNH 1946.9.5.78 F 102 (105) 5.0 (4.6) 3.0 (3.0)
BMNH 1946.9.5.79 F 95 (101) 5.1 (4.7) 3.0 (2.9)
BMNH 1946.9.5.80 F 95 (108) 5.0 (4.7) 2.9 (3.1)
BMNH 1946.9.5.81 M (F) 77 (80) 4.6 (4.2) 2.5 (2.6)
BMNH 1946.9.5.82 50 (52) 3.9 (3.3) 1.9 (2.0)
BMNH 1946.9.5.83 M 104 (110) 5.2 (5.2) 3.5 (3.7)
BMNH 1946.9.5.84 F 105 (113) 5.3 (4.8) 3.3 (3.1)
BMNH 1946.9.5.85 (M) 67 (71) 3.8 (3.9) 2.6 (2.5)
BMNH 1946.9.5.86 F 85 (95) 4.9 (4.5) 3.0 (3.0)
UCMZ 1 F 104 (108) 4.8 (4.7) 3.0 (3.2)
UCMZ 3 (F?) 61 (65) 3.3 (3.5) 2.1 (2.1)
UCMZ 5 F (M) 88 (95) 4.3 (4.2) 2.2 (2.8)
UCMZ 7 F 95 (100) 4.7 (4.5) 2.9 (3.0)
UCMZ 8 F 110 (107) 6.6 (4.8) 2.4 (3.0)
UCMZ 9 M 104 (110) 5.0 (5.0) 3.3 (3.3)
UCMZ 10 M (F) 107 (114) 4.5 (4.7) 2.8 (2.9)
UCMZ 11 F 110 (107) 4.2 (4.3) 2.7 (2.9)
UCMZ 12 M 103 (107) 4.3 (4.6) 3.4 (3.2)
UCMZ 13 F 96 (103) 3.8 (4.3) 2.9 (2.9)
UCMZ 14 M 98 (105) 4.5 (4.9) 3.0 (3.0)
UCMZ 16 F 109 (107) 4.0 (4.6) 3.1 (3.0)
UCMZ 17 F 98 (106) 4.7 (4.7) 2.9 (3.3)
UCMZ 20 M 74 (79) 3.8 (4.1) 2.5 (2.5)
UCMZ 21 F 112 (115) 5.1 (4.7) 3.3 (3.0)
UCMZ 26 (M) 73 (76) 3.5 (3.8) 2.2 (2.3)
UCMZ 27 F 89 (95) 3.8 (4.3) 2.8 (2.8)

Notes: TL = total length; HL = head length; HWja = head width at level of jaw articulation.
Wake (1986) did not state how she measured head length, but in this study it was measured as
the distance between the tip of the snout and the first collar groove, measured laterally.
Specimens are stored in the Natural History Museum, London (BMNH prefix) and the
University of Cambridge Museum of Zoology (UCMZ). Dimensions in mm.
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material of I. russeli in London, Cambridge or Harvard, and Wake (1986, p. 12)
reported that these eggs ‘are not deposited in any museum, according to my multiple
inquiries’. To the best of our knowledge, the only eggs preserved from Sanderson’s
collection are in the Hubrecht collection, Museum für Naturkunde, Berlin, one of

Figure 5. Sexual size dimorphism in heads for newly collected sample of male (squares) and
female (diamonds) Idiocranium russeli. (A) Fresh total length versus preserved head length; (B)
fresh total length versus preserved head width.

Figure 6. Photograph showing appearance and colour variation of four Idiocranium russeli
from Makamune, site 7 (locality 11, see Tables 1, 2) in life. Note the increasing demarcation of
annular grooves posteriorly, colour variation among individuals, and presence of middorsal
stripe. Total length of palest specimen shown here was 130 mm when freshly anaesthetized.
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which was illustrated by Richardson et al. (1998: fig. 1) as ‘Idiocranium sp.’ without
further details.

As well as finding independent specimens of I. russeli of TL as short as 66 (fresh)
or 62 (preserved) mm, we also found three adult females (fresh TL 96–104 mm)
attending clutches of one, two and three eggs, and one adult female (fresh TL
125 mm) attending two eggs and three hatchlings (fixed TL 31–34 mm), one of the
latter eggs hatched the same day into a hatchling of fixed TL 28 mm. Embryos in eggs
were almost all well developed, with long feathery gills, little remaining yolk, clearly
demarcated annular grooves, and erupted tentacles (similar to the specimen shown by
Richardson et al. 1998, fig. 1f). The least well-developed embryos we found were
approximately similar to Brauer’s (1899; see Müller 2006) ‘stage’ 38, and the most
developed embryos and hatchling that emerged upon collection were ‘stage’ 48 (H.
Müller pers. comm). The encapsulated embryos bore no indications of larval features
such as spiracles, tail fins, lateral line organs and labial folds (e.g. Wilkinson 1992;
San Mauro et al. 2014), and these features are absent also in the smallest young (see
also Parker 1936), such that I. russeli is further confirmed as having direct develop-
ment. Although small young were found with attending adults by Sanderson and us,
these young lack vernal (sensu San Mauro et al. 2014) teeth (Parker and Dunn 1964),
they are not much smaller than the smallest independent specimens known, and there
is no evidence that extended parental care in this species includes maternal dermato-
phagy (sensu Kupfer et al. 2006).

Discussion

Distribution and conservation status

The type locality of I. russeli is remote in terms of communications and transport (during
our visit the ‘road’ between Mamfe and Ote was unpaved and the trail between Ote and
Makamune was not accessible by car and was travelled instead on foot), but it was
reasonably clearly documented by Sanderson (1935a, 1935b, 1936, 1937) and we were
able to find it and I. russeli readily on our first visit to the area. Indeed, we found our first
specimen within 15 minutes of commencing digging at our first site. Wake (1986, p. 1)
mentioned ‘the absence of opportunities to recollect’ I. russeli since Sanderson’s work,
but we assume that previous failure to recollect this species is attributable to the absence
of dedicated efforts to do so rather than a lack of opportunity per se.

Parker (1936) reported the type locality of I. russeli as ‘Makumunu’ without
further details. Sanderson’s (1935a, 1935b, 1936, 1937) reports do not include caeci-
lian locality data, other than stating that his I. russeli specimens came from an area of
transition between forest and grassland near one of Sanderson’s camps in the
Assumbo hills (Sanderson 1937). In his report of fieldwork in Asumbo, Sanderson
(1935b) did not mention Makumunu; the only village he mentioned in the Asumbo
hills is instead Tinta. Tinta and Makamune lie only approximately 7 km apart, at
similar elevations (approximately 700 and 600 m, respectively) in the same valley (of
the Makamune river). According to the Hubrecht collection catalogue and to
Sanderson’s specimen collection list archived in the Herpetology Section of the
Natural History Museum, London, Sanderson’s material was from Tinta. Thus, in
all probability, the type locality of I. russeli is Tinta and not Makumune.
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Our surveys suggest that I. russeli is somewhat patchily distributed but locally
abundant within its known range (as is G. seraphini in the same region). Our sampling
was not randomized or stratified sufficiently to determine habitat tolerances with
confidence, but along the Mamfe–Akwaya ‘transect’ it seems that I. russeli might be
restricted to the northern end, in the Asumbo Hills, and is more likely to be found (at
least at the time of year that we sampled) in cooler, moister, generally shaded soils.
Lawson (1993) reported G. seraphini and H. squalostoma in Korup National Park
(1260 km2) but did not find I. russeli there, though he suggested that it might be
expected in at least the northern sections of the park that approach Mamfe. However,
Korup is further south than the southernmost localities that we surveyed (Figure 1)
and at which we failed to find I. russeli.

Despite some recent effort (e.g., Kouete et al. 2012, 2013), as far as we are aware,
dedicated digging surveys for caecilians in Cameroon have been very sparse and
patchy. We expect I. russeli to occur more widely than we report here, at least within
south-western Cameroon and probably into adjacent parts of Nigeria (including
Cross River National Park). The furthest north (Makamune) and south (Nyang)
localities for I. russeli are approximately 43 km apart. The species is locally common
and clearly tolerates at least low to moderate habitat disturbance. We expect it to
occur also in the protected areas of Takamanda National Park (c.670 km2) and Mone
River Forest Reserve (c.540 km2) close to the west and south-east, respectively, of the
new localities we report, and its distribution covers multiple (threat-defined) ‘loca-
tions’ sensu IUCN (IUCN Standards and Petitions Subcommittee 2011). Although
we do not know its tolerance to more intensive agriculture, such as the currently
expanding plantations of cacao in the region, we see no immediate cause for concern
for the survival of the species. A more formal analysis, particularly if the presence of
I. russeli can be confirmed in protected areas, will likely see the species transferred
from Data Deficient to Least Concern. The leading potential threat outside of
protected areas is likely habitat change caused by slash and burn clearing for
agriculture, and possibly the application of agrochemicals, though further work is
required to assess this.

Phenology and reproduction

Sanderson’s Cameroon expedition took place August 1932 to August 1933
(Sanderson 1935a). We cannot find precise dates for his I. russeli collection in any
publication, but Sanderson’s collection list archived in the Herpetology Section of the
Natural History Museum, London states that the eggs were found at Tinta on 27
April 1933. This is consistent with Sanderson’s (1936, p. 199, 205) report of collecting
frogs in Tinta and Makamune only in April and May. Sanderson (1936) reports a
long wet season in the Mamfe region, from the end of March to the end of October
(peak June–September). Digging surveys have yet to take place in the region outside
of April, but the two collections made thus far are consistent with eggs being laid at
the beginning of the rainy season. Sanderson discovered adults attending eggs of I.
russeli and young of G. seraphini, respectively (Parker 1936) and we found the same
(as well as adults attending hatchlings of I. russeli), with broods of the two species
occurring sympatrically at one locality. Sanderson’s collection list states that the
young G. seraphini were found also at Tinta on 27 April 1933. As far as we are
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aware, these are the only reports of sympatric, approximately synchronous breeding
in multiple caecilian species, though it is likely to occur with other species elsewhere.

Sanderson (1937) reported I. russeli egg clutches on small underground mounds of
soil being guarded by adults that spat liquid when disturbed, a behaviour unreported in
any other caecilian, whether or not guarding eggs. In our experience, the exact config-
uration of nest chambers is difficult to observe during typical digging surveys for
caecilians, but we observed nothing to indicate that I. russeli differs from many other
oviparous caecilians in its basic nest construction – a small hollow in the topsoil (the
distinctiveness of the walls of the chamber varying, perhaps with soil composition and
moistness). No I. russeli spat at us when collected, and none of us has seen such behaviour
in capturing or handling more than 1000 caecilians of different species of all 10 currently
recognized families, although some specimens have discharged liquid from their vent, a
defensive behaviour well known in some other amphibians. We do not consider the
behaviour reported by Sanderson (1937) to be typical for I. russeli, and we suggest that
Sanderson possibly mistook forceful discharge from the vent for spitting. Wake (1986, p.
12) considered spitting by I. russeli to be a ‘functional near-impossibility’.

The largest clutch we found was of five (two eggs, three hatchlings). Wake’s
(1977, p. 81) attribution of Sanderson (1937) reporting a clutch size of six is pre-
sumably based on his (p. 221) narration ‘… it revealed half a dozen crystal-clear and
perfectly spherical eggs …’. Clutch size in Sanderson’s collection is not apparent from
the Hubrecht collection catalogue or in Sanderson’s collection list archived in the
Herpetology Section of the Natural History Museum, London.

Sexual dimorphism

Despite being one of the smallest caecilian species known, I. russeli is sexually
dimorphic in head size, with males having relatively larger heads. This is the most
widespread form of external sexual dimorphism known to occur (and to have been
tested for) in caecilians (e.g. Nussbaum and Pfrender 1998), and has been reported
also in two other indotyphlids (Nussbaum and Pfrender 1998; Presswell 2002):
Hypogeophis rostratus (Cuvier, 1829) and Gegeneophis ramaswamii Taylor, 1964
respectively. In agreement with expectations from fecundity selection, female caeci-
lians attain larger body sizes than males in all dimorphic caecilian species studied thus
far (Kupfer 2007, 2009). In our sample, the largest I. russeli were males, but this is not
statistically significant, such that larger samples will be required to test further
whether I. russeli is exceptional among caecilians in this respect.

Size

Even when alive or freshly anaesthetized, individual caecilians do not have a fixed
length, and differences in measured TL arise through the method used (including the
degree of stretching), state of preservation, as well as stochasticity (unpublished data).
Wilkinson et al. (2013: Table 1) reported that total length in seven specimens of the
siphonopid Microcaecilia dermatophaga Wilkinson et al., 2013 was 9.4–14.8% (mean
12.1) shorter in fixed than live specimens, but beyond this we are unaware of
published comparative data. We assume the difference noted between our and
Wake’s measures of TL of Sanderson’s sample of I. russeli is explained mostly by
differences in the degree of stretching that is applied to specimens being measured and
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not to shrinkage occurring since the 1980s. We suspect that, in general, we stretch
specimens during measurement of TL more than some other workers. The data
presented here indicate that caution is required before conducting quantitative ana-
lyses that combine data generated by multiple observers and/or fresh and preserved
material, especially for smaller specimens. We doubt that the relatively larger differ-
ences in head length and width in some of Sanderson’s specimens as reported here
and by Wake (1986) are due to differences in how these measurements are taken, and
we cannot wholly explain the differences in sex determination in some of these
specimens. It might be that some specimen tags and specimens have been accidentally
mixed since the previous studies.

Is Idiocranium russeli the smallest known caecilian? If size is taken to equate to
total length, then the question could refer to minimum TL at sexual maturity or
maximum TL, and the answer might depend on whether fresh or preserved TL is
measured and/or how TL is measured. For maximum preserved TL, reported values
are 145 mm for I. russeli (this study) and 112 for the main known contender
Hypogeophis brevis (Taylor 1968) a species known from a much smaller sample.
Few comparative data have been published but we suspect that, based on body
shape, at the same total length H. brevis are heavier than I. russeli (Taylor 1968
reports length divided by width as 21–28 and 14.6 for the two species, respectively).
Caecilian parental care and especially copulation are rarely observed, and determin-
ing sexual maturity in caecilians otherwise, from gross examination of gonads, is not
trivial unless yolky ova (or foetuses, in viviparous species) are found in oviducts.
Parker (1936) reported spermatozoa in the testis of a male I. russeli of TL 107 mm
and females as small as 90 mm ‘associated with developing eggs’, and we have been
able to determine the sex of specimens of I. russeli as small as 62 mm preserved TL.
Comparative data are limited but, among other indotyphlids, Measey et al. (2003)
were unable to determine the sex of Gegeneophis ramaswamii under TL of 100 mm
(maximum reported TL for this species 375 mm: Presswell 2002), and Largen et al.
(1972) reported larvae of Sylvacaecilia grandisonae (Taylor, 1970) (maximum
reported TL of species 260 mm) as large as 117 mm.

The hatchlings of I. russeli that we found (c.30 mm) are substantially smaller than
late-stage embryos of the indotyphlids Gegeneophis ramaswamii (up to at least
61 mm: Müller et al. 2005) and Hypogeophis rostratus (up to at least 56 mm:
Müller 2006). Hatchlings of ‘about 28 mm’ (Kupfer et al. 2006) and as small as
30 mm (Kupfer et al. 2008) have been reported for the skin-feeding herpelid
Boulengerula taitanus Loveridge, 1935. We are unaware of hatchling or newborn
caecilians substantially shorter than 30 mm.

Wake and Donnelly (2010) considered the siphonopid Microcaecilia iwokramae
(Wake and Donnelly, 2010) to be the smallest New World caecilian but this was based
on the single known specimen, a mature female of 112 mm TL, and two of us (DJG,
MW, pers. obs.) have measured fresh individuals of this species up to 198 mm TL.
Clearly, I. russeli is among the very smallest of known caecilians in terms of either its
maximum size or size at reproductive maturity (and probably also at hatching).
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