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Abstract

We describe anew species of giant spitting cobra, Naja ashei sp. nov., from eastern and north-eastern Africa. The species
was previously regarded as a colour phase of the black-necked spitting cobra, N. nigricollis. However, mtDNA sequence
data show it to be more closely related to N. mossambica than N. nigricollis. The new species is diagnosable from all
other African spitting cobras by the possession of a unique clade of MtDNA haplotypes and a combination of colour pat-
tern and scalation characteristics. Its distribution includes the dry lowlands of northern and eastern Kenya, north-eastern
Uganda, southern Ethiopia and southern Somalia.
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Introduction

Among venomous snakes, cobras are among those that have the highest public awareness profile. Neverthe-
less, our understanding of the taxonomy of the group has until recently remained woefully inadequate, partic-
ularly in terms of understanding the species limits within different well differentiated species groups. Within
the genus Naja, the most extensively revised taxa are the Asian representatives of the genus, where successive
revisions have raised the number of recognised species from oneto eleven (Wuster & Thorpe, 1991; Wister et
al., 1995; Wister, 1996; Slowinski & Wuster, 2000) and the African spitting cobras, in which the number of
recognised species hasrisen from oneto five (Broadley, 1968, 1974; Roman, 1968, 1969; Wster & Broadley,
2003). Although conventional morphological approaches have contributed considerably to the resolution of
the systematics of these complexes (e.g., Broadley, 1968, 1974), more advanced approaches such as multivari-
ate morphometrics (e.g., Wister & Thorpe, 1989, 1992) and their combined use with mtDNA sequences (e.g.,
Waster et al., 1995, 1997; Slowinski & Wuster, 2000; Wster & Broadley, 2003; Broadley & Wister, 2004)
have been especially valuable in unravelling the systematics of groups with more subtle patterns of morpho-
logical variation.

The combined use of morphological data and mtDNA adds considerable additional rigour to any attempt
to diagnose and understand species limits, compared to using either marker system in isolation. Morphol ogi-
cal differences between populations may be due either to natural selection, independent of phylogenetic affin-
ities, or to phylogenesis (Thorpe et al., 1994, 1995), and the pattern of variation alone cannot differentiate
between these two hypotheses. On the other hand, the presence of multiple mtDNA haplotype clades does not
necessarily indicate the presence of multiple species (e.g., Puorto et al., 2001), and may even mask patterns of
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gene flow and incipient speciation (Thorpe & Richard, 2001; Ogden & Thorpe, 2002). Congruence between
molecular and morphological markers indicates that the observed morphological differences are indeed a
result of the populations being different evolutionary lineages, and that the mtDNA haplotype clades corre-
spond to separate organismal lineages.

The nomenclatural history of the African spitting cobras parallels that of other taxa that fell victim to the
phenomenon of the “inertial species concept” (Good, 1994): a plethora of forms was described in the 19" and
early 20" century, often as full species, followed by the lumping of all African spitting cobras into the single
species N. nigricollis Reinhardt in the 20" century, with most authors following the taxonomy of Boulenger
(1896).

The first description of an African spitting cobra was by Andrew Smith, who described Naja nigra in
1838, but this name is preoccupied by Naja nigra Gray, a synonym of N. atra of China. Smith subsequently
(1842) illustrated this snake, known as a ‘ spitter’, under the name “N. haje Var. C”, but Boulenger neverthe-
lessincluded it in the synonymy of N. flava Merrem [= N. nivea].

The taxonomy of the African spitting cobras has fluctuated greatly since the description of the Black-
necked Spitting Cobra N. nigricollis from Ghana by Reinhardt (1843). Naja mossambica was described from
Tete and Sena by Peters (1854). In 1894 Glinther described N. nigricoallis var. crawshayi on the basis of a dry
skin from Lake Mweru, while Bocage (1895) described from Angola the varieties occidentalis, melanoleuca
[preoccupied by N. melanoleuca Hallowell] and fasciata [preoccupied by N. fasciata Laurenti, a synonym of
N. naja]. Boulenger (1896), in the third volume of his Catalogue of Snakes, included var. crawshayi under the
forma typica and listed anew variety pallida aswell as Peters' N. mossambica under N. nigricollis, thus estab-
lishing the basis for the assumption of monospecificity for the African spitting cobras that was to become the
generally accepted arrangement for more than seventy years.

Additional forms were described as varieties or subspecies of N. nigricollis during the first half of the 20"
century. The form katiensis was described as a variety of N. nigricollis from Kati, Mali, by Angel (1922), but
two specimens of typical N. nigricollis (MNHN 1921.611) were catalogued from the same locality. Bogert
(1940) described N. nigricollis nigricincta from south-western Angola, Laurent (1955) described Naja nigri-
collis atriceps from Burundi and then revived N. n. crawshayi (Laurent 1956) and N. n. occidentalis (Laurent
1964) as valid subspecies, and finally Pringle (1955) described N. n. woodi from the western Cape Province,
this being the all black speciesfirst recorded by Smith in 1838.

The splitting up of the N. nigricollis complex began with Broadley (1968), who reinstated N. mossambica
asafull species, sympatric with N. nigricollisin eastern Zambia. He treated pallida, katiensis, nigricincta and
woodi as subspecies of N. mossambica, while crawshayi, occidentalis and atriceps were considered synonyms
of N. nigricollis. However, analysis of geographical variation in the spitting cobras of south-western Africa
revealed sympatry between N. mossambica and nigricincta, so both the latter form and woodi were reinstated
as subspecies of N. nigricollis (Broadley 1974).

Roman (1968) described N. trilepis from Burkina Faso, but thisis asynonym of N. katiensis Angel. Later,
the same author (Roman, 1969) confirmed widespread sympatry between N. nigricollis and N. katiensis in
Burkina Faso and treated the latter as a full species.

Laurent (1973) accepted that occidentalis formed a genuine cline with crawshayi, but considered that the
latter and atriceps should be retained as subspecies of N. nigricollis. Boycott & Haacke (1979) mapped the
distribution of N. n. nigricincta and N. n. woodi and described variation of colour pattern of intergrade popu-
lations. Although many authors have considered N. pallida to be a full species (e.g., Hughes & Barry, 1969;
Branch, 1979; Hughes, 1983), this was not confirmed until Wister & Broadley (2003) analysed its phyloge-
netic affinities and described its sister species, N. nubiae, from north-east Africa.

One of the remaining puzzlesin the systematics of the African spitting cobras has been the status of some
eastern and north-eastern African forms. Several authors have noted the existence of two distinct colour forms
of Naja nigricollis in eastern Africa, a smaller blackish form found in parts of Kenya as well as southern
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Uganda and Tanzania, and alarger brown form found in eastern and northern Kenya, north-eastern Uganda, as
well as Somalia and parts of Ethiopia (Spawls & Branch, 1995; Spawls et al., 2002). However, in the absence
of clear differences in scalation, the status of this form has remained unresolved. Here we use both morpho-
logical data and mtDNA sequences to investigate the affinities and status of this form. Based on congruence
between morphological variation and mtDNA phylogeny, we describe the brown spitting cobra as a new spe-
cies

M aterials and methods

Morphol ogy

Based on initial observation and published literature data, 14 characters relating to scalation and colour
pattern were recorded from a series of specimens of spitting cobras representing different populations conven-
tionally assigned to Naja nigricallis. This included both museum specimens and live specimens of the brown
form kept at the Bio-Ken Snake Farm, Watamu, Kenya. The specimens examined are listed in Appendix 1.

The characters recorded from each specimen were:

1. Number of undivided subcaudal scales. In cobras, most subcaudals are divided, but some specimens
have afew undivided subcaudals on the proximal portion of the tail. We recorded the absolute number rather
than the proportion of subcaudals that are undivided because a high proportion of specimens have missing tail
tips.

2. Mean number of postoculars on each side. The most common number is 3, but some specimens have
only two postoculars on one or both sides.

3. Total number of cuneates. See Wiister (1998) for an illustration of this character.

4. Mean number of posterior temporals. We defined posterior temporals as the number of scales contact-
ing the posterior edges of the anterior temporals (excluding supralabials and parietals).

5. Nuchals. These were defined as the number of scales contacting the lateral and posterior edges of the
parietals, exclusive of the postoculars—see Broadley (1968) for an illustration.

6. Number of dorsal scale rows at 10% of the ventral scale count. The dorsal scale rows were counted in a
straight line rather than a VV-shaped count line.

7. Number of dorsal scale rows at midbody (i.e. midpoint of snout-vent length).

8. Number of dorsal scalerows at the level of the last ventral scale.

9. Position of the reduction from ten to eight dorsal scale rows on the tail. For this, the subcaudals were
numbered from the vent, we recorded the number of the subcaudal scale opposite which the reduction had
come into effect. Since many specimens have incomplete tails, we did not adjust for the total number of sub-
caudals.

10. Position of the reduction from eight to six dorsal scale rows on the tail, recorded as in character 9.

11. Position of the reduction from six to four dorsal scale rows on the tail, recorded as in character 9.

12. Position of the first entirely dark ventral of the main (= deepest) dark throat band.

13. Position of the last entirely dark ventral of the main dark throat band

14. Proportion of ventral scales at midbody covered in dark pigment (0 = 0—=19%, 1 = 20-39%, 2 = 40—
59%, 3 = 60-79%, 4 = 80-99%, 5 = 100%).

In order to visualise the pattern of variation in morphology among the two taxa included in the study, we
used principal components analysis (PCA), run on the data recorded from individual specimens. One of the
strengths of PCA for this type of analysis is that the method requires no a priori assumptions about the taxon
affinities of individual specimens, and is therefore particularly suited for analyses of weakly differentiated
taxa with possible areas of sympatry, where the affinities of individual specimens may be difficult to ascertain
apriori. Before analysis, each character was converted to zero mean and unit standard deviation. We carried
out separate PCASs for males and females as well as a PCA for both sexes together. A number of additional
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specimens (Appendix 1) were examined by one of us (D.GB.) in order to assessthe variation in standard scale
counts.

Molecular methods

We obtained tissue (ventral scale clippings), blood samples or shed skins from specimens of all the spe-
cies of the African spitting cobra complex from eastern and north-eastern Africa (Naja nigricollis, N. mossa-
mbica, N. pallida and N. nubiae). The sampling localities are shown in Fig. 1, and the specimens listed in
Appendix 2. Total DNA was extracted by standard methods (Sambrook et al., 1989). Two regions of the mito-
chondrial DNA molecule were amplified using the polymerase chain reaction (PCR): we used primers ND4
and Leu (Arévalo et al., 1994) to amplify a section of the ND4 gene and adjoining tRNAS. In the case of cyto-
chrome b, we used the primers Gludg (5-TGACTTGAARAACCAYCGITG-3') (Palumbi, 1996) and
H16064 CTTTGGTTTACAAGAACAATGCTTTA (Burbrink et al., 2000). PCR reactions were set up with
10xPCR buffer, 3-3.5 mM MgCl,, 0.4uM each primer, 0.8uM total dNTPs, 1 unit of Taq (Invitrogen, product
code 10342-020) and made up to of 25pl with ultrapure water. Amplification conditions involved initial dena-
turation at 94°C for 3 minutes, followed by 35 cycles of 94°C for 30s, 47°C (cytb) or 60°C (ND4) for 30s,
then 72°C for 2 m, followed by afinal extension step of 72°C for 5m. Sequencing was carried out using the
same primers by Macrogen (Seoul, S. Korea—http://dna.macrogen.com). As outgroups, we included
sequences of one African non-spitting cobra, N. nivea (Linnaeus), and the Asian cobra N. kaouthia L esson.
To test for the presence of nuclear pseudogenes (Zhang & Hewitt, 1996), we translated the DNA sequences
into amino acid sequencesin MEGA 2.1 (Kumar et al., 2001) to check for premature stop or nonsense codons
or frameshifts.

For phylogenetic analysis, we used maximum parsimony (MP) and Bayesian inference (Bl) methods. MP
analysis was carried out using the software PAUP* 4.0b10 (Swofford, 2002). For MP analysis, we carried out
an unweighted analysis, using branch and bound searching. Internal support for different nodes was estimated
using non-parametric bootstrap searching (Felsenstein, 1985), using 10000 bootstrap replicates and branch
and bound searching. Naja kaouthia and N. nivea were designated as outgroups. Fixed nuclectide differences
were identified using MEGA 2.1.

For phylogenetic analysis using Bl, we used MrBayes 3.1 (Ronquist & Huelsenbeck, 2003). There is
increasing evidence that complex models of sequence evolution can extract additional phylogenetic signal
from data, especially where saturation of base pair substitutions is commonplace (Castoe et al., 2004, 2005;
Castoe & Parkinson, 2006). Therefore, we used different models of sequence evolution for biologically rele-
vant partitions of our data. In the case of protein coding mitochondrial genes, the most relevant partitions are
first, second and third codon positions, which are known to display different patterns of sequence evolution.
We therefore partitioned our data into six separate data partitions, namely first, second and third codon posi-
tions separately for cytochrome b and ND4. To identify the most appropriate models of sequence evolution for
each data partition, we used MrModeltest 2.2 (Nylander, 2004), and selected the model favoured under the
Akaike Information Criterion for each category in our Bayesian analysis. Since MrBayes can only use asingle
outgroup taxon, N. nivea was specified as the sole outgroup and N. kaouthia was excluded from all Bl analy-
ses. We ran the analysis for 4 x 10° generations using 4 simultaneous independent runs initiated with different
random starting trees. Plots of InL against generation were inspected to determine the burn-in period, and
trees generated prior to the completion of burn-in were discarded, with afive-fold “ safety margin”.

To test whether the data reject the monophyly of the haplotypes found in the populations normally
assigned to N. nigricollis with statistical significance, we used PAUP* to build the most parsimonious trees
constrained to be consistent with that hypothesis. We then used Wilcoxon signed-ranks test (Templeton, 1983,
implemented in PAUP*) to test for the significance of differences in tree length between the most parsimoni-
oustrees and the constrained tree.
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FIGURE 1. Sampling localities for molecular analysis and distribution of the spitting cobra species occurring in eastern
Africa.. Hollow symboals for N. nigricollis in Ghana and N. nubiae in Egypt indicate approximate localities.

Results

Morphol ogy

Patterns of variation visualised by separate PCAs of male and female specimens were identical to that
shown by the analysis of both sexes together. Since sexual dimorphism did not affect the results, we only
present the results of the joint analysis, thus benefiting from the greater joint sample size.

The ordination plot of the individual specimens along the first two principal components of the joint PCA
isshown in Fig. 2, and the PC variable loadings of the individual charactersin Table 1. It can be seen that the
specimens of the brown form from eastern Africa are clearly separated from other specimens of N. nigricollis
by their high second principal component ordination scores, which are associated with high dorsal scale row
counts on the neck, reduced numbers of postocular scales, a relatively posterior start to the dark throat band
and a light venter. Specimens from the Djebel Marra region of Sudan did not group with the eastern African
brown specimens, forming instead a somewhat distinct cluster most closely associated with black N. nigricol-
lis.
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FIGURE 2. Ordination of individual specimens along the first two principal components of the PCA. The first two prin-
cipal components account for 31.5 % and 22.85 % of total variance, respectively.

TABLE 1. PCA variable loadings for individual charactersin PCA of specimens of both sexes.

PC1 PC2
# undivided SC 0.003 -0.244
Postocs mean -0.071 -0.37
Total no. cuneates -0.163 -0.124
Post temp mean -0.107 0.21
Nuchals -0.138 -0.239
D10 -0.318 0.366
D50 -0.403 0.185
D100 -0.406 -0.05
Position of reduction from 10 to 8 scale rows on tail -0.389 -0.069
Position of reduction from 8to 6 scale rows on tall -0.404 -0.131
Position of reduction from 6 to 4 scale rows on tail -0.393 -0.15
First dark ventral of main band -0.057 0.43
Last dark ventral of main band 0.168 0.265
Darkness of ventrals at midbody 0.096 -0.465
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Molecular data

We aligned a total of 1333 base pairs, 606 for ND4 and 727 for cytochrome b. From 28 ingroup speci-
mens, we identified 16 distinct haplotypes. The sequences were deposited with GenBank (accession numbers
in Appendix 2). There were no indels, frameshifts or unexpected stop codons, leading us to conclude that our
sequences represented mitochondrial DNA rather than nuclear insertions (Zhang & Hewitt, 1996). Of the
1333 b.p., 257 were variable and 216 parsimony informative across al taxa.

The one million random trees generated in PAUP* produced a gl statistic of -0.929379, suggesting that
the data contain significant phylogenetic signal (p < 0.01) (Hillis and Huelsenbeck, 1992)

Unweighted parsimony analysis of the sequence data yielded two equally most parsimonious trees of 543
steps (consistency index: 0.7422, retention index 0.8006). The two trees differed only in the placement of hap-
lotypes “N. cf. nigricollis brown Watamu” and “N. cf. nigricollis brown Baringo”, which exchanged places
between the two trees. One of the two trees and bootstrap support for the nodesis shownin Fig. 3.

Naja nivea

Naja kaouthia
N. nigricollis black Mfuwe

1001.001 N nigricollis black Ghana
N. nigricollis black Arusha
95/1.00 . .
N. nigricollis black Makuyu

100/1.00 N. nigricollis black Tanzania

100/1.00 iri i ; i
98/1.00 N. nigricollis black Mikumi
N. nigricollis black Usambara
N. cf. nigricollis brown Watamu
100/1.00
\[ N. cf. nigricollis brown Coast
100/na N. cf. nigricollis brown Baringo
99/1.00 .
r N. mossambica Durban
100/1.00 - N. mossambica Pemba
— N. pallida Tsavo
100/1.00 — N pallida Baringo
97/0.89 [ N. nubiae 1
10 100/1.00 'N. nubiae 2

FIGURE 3. One of two equally most parsimonious trees of the combined cytochrome b and ND4 data. Numbers along
branches indicate % bootstrap support (MP) and Bayesian posterior probability.

For Bayesian analysis, the models of sequence evolution identified as optimal by MrModeltest for the six
data partitions used in this study are shown in Table 2. These were implemented for the six data partitions.
Burn-in was achieved after approximately 80,000 generations, but we conservatively discarded all trees pro-
duced in the first 500,000 generations. The Bayesian tree was entirely congruent with one of the two MP trees
resulting from the Bayesian analysis, except that haplotypes N. nigricollis Arusha and N. nigricollis Makuyu
are shown as monophyletic in the Bayesian analysis, whereas the relationships between them and a clade of
three Tanzanian hapl otypes was unresolved in the MP analysis. Bayesian posterior probabilities are shown in
Fig. 3.
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TABLE 2. Models of sequence evolution applicable to the data partitions selected for Bayesian inference under the
Akaike Information Criterion.

ND4 cytochrome b
Position 1 HKY HKY + |
Position 2 HKY HKY
Position 3 GTR +1 HKY + G

TABLE 3. Pairwise matrix of p-distances (lower left) and associated standard errors (upper right) between the five Afri-
can spitting cobra species included in this study.

nigricollis ashei pallida nubiae mossambica
nigricollis 0.0053 0.0069 0.0072 0.0056
ashei 0.0462 0.0071 0.0080 0.0046
pallida 0.0871 0.0903 0.0072 0.0072
nubiae 0.0839 0.0926 0.0786 0.0080
mossambica 0.0489 0.0362 0.0907 0.0932

All trees showed a clade consisting of N. nubiae and N. pallida to be the sister group of the remaining
spitting cobras included in the analysis. Within the remaining spitting cobras, the haplotypes of N. nigricollis
are polyphyletic: the eastern African brown “N. cf. nigricollis’ haplotypes (samples from Watamu, Diani
Beach and Lake Baringo, all in Kenya) consistently grouped as the sister taxon of N. mossambica, not N. nig-
ricollis. This relationship was supported by strong bootstrap and Bayesian posterior probability support.

The monophyly of the haplotypes traditionally attributed to N. nigricollis was rejected by significant Wil-
coxon signed-ranks tests (length difference = 9 steps, -Z = 2.3238-2.4962, P < 0.05)

Systematics

Our molecular results show that N. nigricollisin its traditional sense is not a monophyletic taxon, as the large
brown from the eastern African coast shares a more recent common ancestor with N. mossambica than with N.
nigricollis. Our morphological analyses and comparisons show that the brown spitting cobras from northern
and eastern Kenya, Ethiopia and southern Somalia represent ataxon clearly distinguishable from other N. nig-
ricollis in a number of features of colour pattern and scalation. Given the congruent patterns of variation in
morphology and mtDNA, we consider our data to provide evidence that this form represents a separate evolu-
tionary species from both N. nigricollis and N. mossambica. As summarised in the introduction, a number of
taxa have been described within the Naja nigricollis complex, but none of these names appear to be applicable
to this brown spitting cobra. No previously described spitting cobra taxon hasits type locality within the range
of the brown form (Fig. 1), and all existing names, in particular nigricollis (type locality: Ghana), crawshayi
(type locality: Lake Mweru, Zambia/DRC) and atriceps (type locality: Burundi) are applicable to sets of pop-
ulations of largely black spitting cobras that were represented in our morphological and/or molecular analy-
ses, and were shown to be highly distinct from the brown form. Since no name appears to be available for the
latter, we describe it as new:

Naja ashei sp. nov. — Ashe's spitting cobra

Holotype. National Museums of Kenya NMK $/3993, a female specimen from Watamu, Kenya (3° 21’ S: 40°
01'E), coll. Royjan Taylor, maintained in captivity at Bio-Ken Snake farm until 29/09/2004 with reference
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number BK 10030 (Fig. 4,5).

Paratypes (three males and two females):

BMNH 1955.1.12.4a and 4b (Kilifi, Kenya) BMNH 1963.456 (Kiboko, Kenya); BMNH 2005.1604 (Bar-
ingo, Kenya); NMZB 3349 (Ex USNM 40954) (Guaso Nyiro [=Ewaso Ng'iro], Kenya).

Diagnosis. Naja ashel differs from all other African spitting cobras in possessing a unique clade of
mtDNA haplotypes. From the data presented here, we identified 12 fixed nucleotide differences that differen-
tiate N. ashei from the other eastern African spitting Naja. These correspond to positions 105, 169 and 315 of
the ND4 sequence of the holotype (DQ897706), and to positions 60, 108, 153, 201, 348, 381, 507, 630 and
676 of the cytochrome b sequence of the same specimen (DQ897749), the diagnostic bases at these positions
beingC, T,GC,G T, T, T,A,C, TandA, respectively.

Morphologically, N. ashei differs from East African N. nigricollis in a number of characters relating to
adult colour pattern and scalation. In particular, its midbody and posterior ventral colour is predominantly
light, with dark pigment encroaching mostly from the sides of the body (venter normally largely or entirely
dark in N. nigricallis), it lacks any red, orange or pink pigment under the throat (usually pronounced in N. nig-
ricollis), and the head is the same olive-brown colour as the rest of the body (often black above and below in
East African N. nigricollis). Scalation does not provide any absolutely diagnostic characters for N. ashei, but
mean scale counts and the range differ clearly from those of East African N. nigricollis (Table 4). In particular,
N. ashei can be distinguished from most eastern African N. nigricollis by the combination of high ventral
scale and dorsal scale row counts. Most N. ashei have over 195 ventrals and at least 21 and typically more
scale rows around the neck, whereas most N. nigricollis with 195 or more ventrals have at most 21, and usu-
ally 19 or fewer scale rows around the neck, whereas higher scale row counts around the neck tend to be found
in specimens with fewer ventral scales.

Naja ashei differs from the more closely related N. mossambica in lacking any dark edges on the labial
scales and ventral scales, in having aless complex ventral banding pattern, and in having higher average ven-
tral scale counts, but lower dorsal scale row counts. Naja pallida and N. nubiae differ in having higher mid-
body dorsal scale row counts (usually 25, compared to 21-23 in N. ashei). In addition, N. pallida differs from
N. ashei in having a single, very clearly defined and clean-edged throat band (which very obviously crosses
the neck except in older, darker specimens), in usualy having higher ventral scale counts, and in the frequent
presence of a single preocular and seven supralabials. Naja nubiae also has a cleaner, neater throat pattern,
and two dark bands across the neck and two or three across the throat; a characteristic black tear-drop marking
(consisting of dark edges to the supralabial suture below the eye) is amost invariably present; moreover, N.
nubiae has almost consistently higher ventral scale counts, and often has seven supralabials and/or a single
preocular (see Wuster & Broadley, 2003). Naja katiensis has consistently lower ventral and subcaudal scale
counts (Table 4), amuch smaller adult size, and lacks cuneate scales. Among the non-spitting cobras, N. ashei
ismost likely to be confused with N. haje, on account of its drab brownish coloration and large size. However,
N. haje differs in having a single preocular, a row of suboculars separating the eyes from the supralabials, a
greatly enlarged sixth supralabial, a single anterior temporal, and in lacking spitting adaptations to the fangs
(Bogert, 1943), and thus being incapable of spitting venom. Naja melanoleuca similarly differs from N. ashei
in having a single preocular, no suboculars, an enlarged sixth supralabial and a single anterior temporal.

Description of holotype. Body dimensions: Snout-vent length 1268 mm, tail length 239 mm, dorsal head
length (snout to end of parietal suture) 33.3 mm, lateral head length (snout to posterior end of lower jaw artic-
ulation) 51.7 mm. Head width across supraoculars 19.7 mm, maximum overall width of head 39.7 mm.

Head broad, heart-shaped from above. Eye small to moderate, diameter much less than distance from
mouth or from nostril.

Body scalation: 197 ventrals, 55 subcaudals, all paired except for the first, the intact tail terminatesin a
spine. Dorsal scale rows. 23 on neck, 21 at midbody, 15 one head length ahead of vent.
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TABLE 4. Scale counts for the African species of spitting cobra.

pallida nubiae katiensis nigricollis nigricollis nigricollis
(West) (Central) (South)

Scale rows on neck
N 97 36 26 108 62 230
Range 23-30 23-27 23-27 19-23 17-23 17-23
Mean 26.32 25.28 23.61 20.26 20.25 18.64
Standard Deviation 1.59 1.32 11 1.24 1.23 1.46
Scalerows at midbody
N 103 38 25 129 65 230
Range 21-27 23-27 23-25 19-23 17-21 17-21
Mean 25.34 24.6 24.52 21.49 18.77 19.57
Standard Deviation 1.15 1.03 0.82 1.05 114 1.19
Ventrals - males
N 55 19 15 70 41 134
Range 192-218 207-221 165-174 185-209 177-203 175-194
Mean 204.82 212.89 169.07 198.29 191.63 184.82
Standard Deviation 5.65 3.75 2.84 4.88 4.35 4.96
Ventrals - Females
N 46 20 1 75 21 94
Range 203-227 207-226 167-176 195-212 187-209 178-201
Mean 211.13 219 172.45 203.23 195.16 188.55
Standard Deviation 5.81 4.76 2.98 421 5.65 5.99
Subcaudals- Males
N 47 18 13 57 31 132
Range 56-81 59-69 49-57 54-70 56-65 55-68
Mean 67.45 64.59 53.62 63.89 61.27 60.67
Standard Deviation 4.78 2.37 2.33 3.36 2.19 2.95
Subcaudals - Females
N 42 18 6 62 20 91
Range 57-72 58-69 47-56 55-66 50-60 47-63
Mean 64.36 64.16 50.83 59.15 57.01 56.74
Standard Deviation 4.08 2.96 3.49 7.38 2.69 3.03
continued.

ashel mossambica nigricollis nigricincta  nigricollis woodi
Scale rows on neck
N 42 553 155 52
Range 21-25 21-29 21-25 21-25
Mean 22.69 24.46 2214 221
Standard Deviation 1.26 1.36 12 1.03
Scale rows at midbody
N 42 556 160 54
Range 20-23 19-27 21-23 21-22
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Mean 2131 2331 21.27 21.02

Standard Deviation 0.72 1 0.67 0.14
Ventrals - males

N 19 304 45 18
Range 192-204 170-196 190-218 213-231
Mean 197.79 186.57 205.07 224.28
Standard Deviation 3.46 4.58 7.28 3.54
Ventrals - Females

N 12 243 39 24
Range 194207 182207 196226 216-231
Mean 200.00 193.59 212.41 224.67
Standard Deviation 3.88 5.14 5.94 3.71
Subcaudals- Males

N 19 260 41 25
Range 57-65 51-71 59-73 65-74
Mean 60.58 60.98 68.17 69.56
Standard Deviation 219 3.96 3.65 2.53
Subcaudals - Females

N 11 201 34 21
Range 55-62 49-70 57-71 59-78
Mean 58.00 59.02 65.85 67.52
Standard Deviation 2.53 4.24 3.42 4.5

Dorsal scale row reduction formula: 25 5+6(2) 24 7+8(4) 23 4+5(12/13) 21 4+5/5+6(21) 19 +6(30/
30) 21 4+5/5+6(122) 19 4+5/5+6(131) 17 4+5(151/154) 15 3+4(186) 14 +4(187) 15 4+5(191/194) 13
+3(195/195) 15

Caudal scalereduction formula: 11 2+3(2) 10 2+3(3/3) 8 4+5(5) 7 3+4(6) 6 2+3(16/17) 4

Head scalation: Preoculars 2/2, postoculars 2/2, supralabials 6/6, third enters eye, infralabials 8/9, first
four contact anterior chin shields. On theleft, infralabials 5 and 6 are homol ogous to the cuneate scales of Asi-
atic cobras (Wister, 1998), whereas on the right hand side, infralabials five and seven are cuneates (Fig. 5).
Anterior temporals 2/2, posterior temporals 5/5. Seven temporals and nuchals contact the lateral and posterior
edges of the parietals. Rostral 1.5 times wider than high, visible from above. Posterior chin shields separated
by two rows of smaller, elongate scales. Nasal scale entirely divided into a prenasal and a postnasal scale by
the large, vertically elongate nostril. Frontal longer than wide (9.0 x 7.1 mm), slightly shorter than distance
from rostral (10.3 mm), shorter than supraoculars (12.0 mm), widest along anterior edge; shape pentagonal,
anterior edge straight, posterior edge ends in obtuse angle, border with supraoculars sightly concave.

Colour and pattern in life: Head uniformly brownish olive on top, paler and greyer in supralabial region
and around eye. Underside of head very finely dusted with brownish grey pigment, scale bases cream, overall
impression light brownish grey. Dorsal colour generally olive-brown. Neck immediately posterior to head
darker than top of head or the remainder of the dorsum. Otherwise, overall appearance largely uniform. Most
dorsal scales with a slightly lighter lower basal edge. Interstitial skin mostly dark grey, with indistinct lighter
variegations, visible especially when exposed by inflation of the body. Dorsal scales within lighter variega
tions have more pronounced light bases, giving an indistinct mottled appearance. Throat and ventral pattern
(Fig. 5): first seven ventrals heavily mottled with greyish brown, scale bases creamy-white, light area sharply
demarcated from darker pigment. Ventrals 8-10 similarly patterned, but with adlightly darker, more saturated
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brown pigment, covering 85-90% of each scale except the base near the middle of the scale. Ventrals 11-13 as
ventrals 1-7. Ventrals 14-20 almost entirely covered with pigment of intermediate density, with only a few
lighter flecks on some scale bases. The remainder of the ventral and subcaudal scales are creamish with iso-
lated blotches of greyish-brown pigment. Distal lateral tips of the ventrals also covered in greyish brown pig-
ment, which forms a continuation of the colour of the lower dorsal scale rows. There are no dark scale bases
or edges on the ventral surface.

Variation for all material examined. Variation in scale counts in N. ashei and other African spitting
cobrasis given in Table 4. In addition to the characters listed there, N. ashei is notable for frequently having
only two postocular scales, rather than three. Among the specimens included in our principal components
analysis, eight out of fifteen N. ashel had two postoculars on at least one side, compared to one out of twenty-
nine N. nigricollis. Variation in colour and pattern concerns especially the ventral pattern. The first ventrals
may be largely light or more or less heavily suffused with dark pigment, but the transition from these to the
main dark throat band normally remains distinguishable. Juveniles have a lighter dorsal ground colour, often
with a faint “herring-bone” pattern, but the top and upper sides of the head and the neck are dark greyish
brown (Fig. 6). The darker colour on the neck is more intense on the sides (where it merges into the dark
throat band), and gradually merges into the dorsal body colour, without there being a clearly defined band.

Size. This appears to be the largest spitting cobra, at least in terms of average size. Largest male examined
(NMK/O 2401—Nguni, Kitui District, Kenya) 1750 + 360 = 2110 mm; largest female (NMK, unnumbered,
“Kenya') 1800 + 350 = 2150 mm. However, giant specimens are generally underrepresented in collections.
Specimens measuring 2 metres are not rare along the Kenyan coast, and a number of specimens of well over 2
metres in total length have been recorded. Pitman (1974) records males with total lengths of 2743 and 2311
mm from the Baringo region of Kenya, which are ailmost certainly referable to N. ashei. However, a record
specimen measuring 2819 mm (Seronera, Serengeti National Park, Tanzania—Pitman, 1974) cannot confi-
dently be attributed to N. ashei, as there are no records of the species from the park, and some northern Tanza-
nian N. nigricollis also reach very large sizes (W.W., pers. obs.).

FIGURE 4. Holotype of Naja ashei (NMK §/3993) in life.

Etymology. We dedicate this species to the memory of the late James Ashe (1925-2004), in recognition
of his contributions to East African herpetology, of the inspiration he gave to others working on the herpeto-
fauna of this part of the world (see Spawls, 2004), of his early recognition of the distinctiveness of the species
that now bears his name, and in gratitude for his support for this work.
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FIGURE 6. Juvenile specimen (total length approx 55 cm) from Watamu, Kenya, illustrating pattern and coloration
(BioKen, Watamu, live collection).

Distribution. Naja ashei appears to be sympatric with N. pallida over much of itsrange, i.e. dry lowland
regions of northern and coastal Kenya, extending south along the coast to at least Diani Beach and north into
southern Somalia and south-eastern Ethiopia. It occurs in northeast Uganda at Amudat in Karamoja District
(BMNH 1954.1.12.46, 1974.5145-7). It probably also occursin the far north and/or northeast of Tanzania, but
there appear to be no confirmed records. It should be looked for in the Serengeti National Park and the north-
ernmost parts of the Tanzanian coast. The brown-headed and often very large spitting cobras from the Usam-
bara Mountains and the central coastal region of Tanzania are referable to N. nigricollis, as demonstrated by
our molecular analyses here. The northern and western distributional limits of N. ashei remain somewhat
unclear. Some specimens of N. nigricollis from southern Sudan, northern Uganda and north-eastern Congo are
also brownish above, but differ from N. ashei as highlighted in the diagnosis. However, the precise distribu-
tions of these forms require further investigation. The isolated population of spitting cobras assigned to N.
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nigricollis by Wuster & Broadley (2003), from Jebel Marra, Darfur Province, Sudan, where it occurs sympat-
rically with N. nubiae, also superficially resembles N. ashel due to its colour pattern, but clusters with N. nig-
ricollisin our multivariate analyses. Further genetic studies are required to ascertain the status of this form.

Medical relevance. As always, the discovery of a new species of venomous snake raises the question of
whether existing antivenoms provide adequate protection (Wuster & McCarthy, 1996; Fry et al., 2003). The
guestion is particularly relevant as large Naja ashei can secrete prodigious quantities of venom. A large speci-
men milked at the Bio-Ken snake farm in Watamu, Kenya, produced 6.2 ml of liquid venom, weighing 7.1 g
(Fig. 7). Dry weight was not recorded, but if the ratio of 34.6-41.3% solids by weight obtained by Mirtschin et
al. (2006) from a selection of four species of Naja appliesto N. ashei, then this suggests venom yields of up to
3 grams of dry venom, arecord-breaking yield emphasising the potential danger of this species. Case histories
have not been documented specifically for N. ashei, but bites by African spitting Naja typically result in
severe necrosis (Warrell et al., 1976; Tilbury, 1982), but often limited systemic symptoms.

FIGURE 7. Venom extraction from an adult specimen of Naja ashei, illustrating the enormous quantities of venom
secreted by this species. All the venom at the bottom of the receptacle (6.2 ml) stems from this specimen.
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Appendix 1.

Specimens examined for morphological analyses and range of variation. Institutional acronyms follow Leviton et al.
(1985), and Leviton & Gibbs (1988). Additional acronyms: AAU/H: Addis Ababa University Museum; MA/A: Awash
National Park.

Naja ashei. Included in PCA: KENYA: Watamu: NMK $/3993, BioKen live collection 10510, 10564, 10655, 10656,
10657, 10658, unregistered juvenile; Kiboko: BMNH 1963.456; Kilifi: BMNH 1955.1.12.4a-h; West of Isiolo:
NMK 0/3065; Baringo: BMNH 2005.1604. ETHIOPIA: Arba Minch, Gemu Gofa: ZFMK 15883; Awash National
Park: BMNH 1973.3271. Additional material used to compile variation in scale counts: KENYA: AMNH 73368;
Isiolo: CAS 123159, NMK 0/3221; Mombasa: MCZ 18234, NMK 0/1484; Kataungi: ZMB 17471; Nguni, Kitui
District: NMK 0/2401; Kiboko Ranger Station: NMK 0/2956; Gede Forest Station: NMK O/3166; Marich Pass,
West Pokot Dist.: CAS 154409; Wei Wei River, 5 km N. Sigor, West Pokot: LACM 63380, 63391; Craig Farm:
LACM 63389; Hills west of Mt. Kenya: MCZ 7988; Guaso Nyiro/Uaso Nyiro River: NMZB 3349, MCZ 9044;
Lake Turkana: BMNH 95.12.31.25; Buna, Wajir Dist.: CAS 130093. ETHIOPIA: 25 km NE Afdem: AAU H 416;
Arba Minch: AAU H 636; Awash National Park: BMNH 1973.3273-4, MA A 047-8; Owaramulka: BMNH
1916.6.24.14; Kalam, Omo River: USNM 218621. SOMALIA: Mareri, Lower Juba River: CAS 153434-5.

Naja nigricollis (material included in PCA only): KENYA: Darinyiro Ranch, Laikipia, Kenyas NMK $/3119; Ol'Man-
yatta Estate, Subukiaz BMNH 1932.9.8.5. TANZANIA: Liwae BMNH 1959.1.7.30; Tunduru: BMNH
1952.1.9.97-98a,b; Bombani, near Amani, Usambara Mountains: J. Beraducci, personal collection, 2 specimens.
UGANDA: Eastern Province: BMNH 1933.9.8.38; Kaimja, Lake Edward, Tor: BMNH 1959.1.7.26-27; Mokia, SE
Ruwenzori, Uganda: BMNH 1907.4.30.11; Bussu: BMNH 1911.7.8.17-18; Serere Teso: BMNH 1959.1.7.25,
1959.1.7.35; ETHIOPIA: 10 km W Mabel, Blue Nile Gorge: BMNH 1973.3184. RWANDA: Mpanga Ranch:
ZFMK 57283. DRC: Rwindi, Kivu: ZFMK 50004 (Paratype, Naja nigricallis atriceps Laurent). RWANDA: Butare:
ZIL 19379. GUINEA BISSAU: Bubague, Bijagos Archipelago: ZFMK 58330; SENEGAL: ZFMK 17579-80.
LIBERIA: Voinjama: NHRM, uncatal ogued specimen.

Naja cf. nigricollis: SUDAN: Djebel Marra: ZFMK 39878, 39879, 39882, 39883, 39884.
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Appendix 2

Samples, haplotypes and GenBank accession numbers of sequences used. GenBank accession numbers with asterisks
were not generated by the authors. Institutional acronyms follow Leviton et al. (1985), and Leviton & Gibbs (1988); JB
= Joe Beraducci, live collection; LSTM = Liverpool School of Tropical Medicine, live collection, WW = Wolfgang
Wiister

Taxon Locality Voucher(s) / sample(s) Haplotype label (Fig. Genbank accession
3) number (ND4, cytb)
Naja nigricollis  Ghana LSTM, livecoll./ WW842 N. nigricollisGhana  DQ897695, DQ897738

WW296
WWw297

Naja nigricollis  Arusha, Tanzania N. nigricollisArusha DQ897698, DQ897741

Naja nigricollis  Kigosi Camp, Tanza- DQ897699, DQ897742

nia

N. nigricollis Tanzania

JB, livecoll. / WW1404,
WW1405

JB, livecoll. / WW1403,
WW1406, WW1407

NMZB 15423 / WW1614

Naja nigricollis  Mbwewe, Tanzania N. nigricollis Tanzania DQ897699, DQ897742

Bombani, Amani,
Tanzania

Naja nigricollis N. nigricollis Usam-

bara

DQ897703, DQ897746

Naja nigricollis  Bulyanhulu, Tanza-

nia

N. nigricollis Tanzania DQ897699, DQ897742

Bio-Ken live coll.
BK10221, BK 10246 /
WW1271, WW1272

NMZB 16970, NMZB

Naja nigricollis  Makuyu, Kenya N. nigricollis Makuyu DQ897700, DQ897743

Naja nigricollis  Mfuwe, Chipata Dis- N. nigricollisMfuwe DQ897701, DQ897744

trict, Zambia 17353/ WW1198,
WW1393
Naja nigricollis ~ Mikumi NP, Tanza= WW1415 N. nigricollis Mikumi  DQ897702, DQ897745
nia
Naja ashei Watamu, Kenya—  NMK $-3993/ WW1430 N. cf. nigricallis DQ897706, DQ897749
HOLOTYPE brown Watamu
Naja ashei Watamu, Kenya Bio-Ken livecall. N. cf. nigricollis DQ897704, DQ897747
BK10022, BK10177/ brown Coast
WW1267, WW1268
Naja ashei Diani, Kenya Bio-Ken livecall. N. cf. nigricollis DQ897704, DQ897747
BK10248 / WwW1270 brown Coast
Naja ashei Baringo, Kenya BMNH 2005.1604 N. cf. nigricollis DQ897705, DQ897748
brown Baringo
Naja pallida Tsavo East N.P, Bio-Ken live coll. BK- N. pallida Tsavo DQ897715, DQ897758
Kenya 10054 / WW1273
Naja pallida Lake Baringo, Kenya Bio-Ken livecaoll. N. pallida Baringo DQ897717, DQ897760
BK10659 / Ww1431
Naja nubiae Unknown ZSL livecall./WW836  N. nubiael DQ897718, DQ897761
Naja nubiae Unknown ZSL livecall. /WW837  N. nubiae2 DQ897719, DQ897762
Najamossambica Durban, KwaZulu-  WW590, gift H.-W. Her-  N. mossambica Dur-  DQ897720, DQ897763
Natal, South Africa  rmann ban

Naja mossambica Pemba lsland, Tanza- KMH26380, KMH26381/ N. mossambica Pemba DQ897727, DQ897770

nia WW1391, WW1392
Naja nivea Naja nivea * AY 058983,
*AF217827
Naja kaouthia CAS 206602 Naja kaouthia * AY 058982,
*AF217835
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