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Boulenger,  1 884  from  southern  Africa  and  stated  both  as
closely  related.  The  only  moiphological  differences  not-

ed were  related  to  (1)  head  shapes  (more  elongate  in  A.
insularis)  and  (2)  body  scalation  (A.  insiilaris  has  small-

er scales,  120-130  scale  rows  around  midbody  versus
about  90  in  A.  kirkii.  and^.  insularis  had  dorsal  scales  that
are  smaller  compared  to  ventral  scales.

Based  on  a  larger  series  of  specimens  collected  from  the
type  locality,  which  included  adult  specimens,  Parker
(1939)  reassessed  the  validity  oí  A.  insularis  (material  of
the  IRSNB,  Appendix  1).  In  this  publication  Parker
(1939)  also  compared  A.  insularis  with  A.  boulengeri
Lataste,  1886,  a  morphologically  similar  species  distrib-

uted in  Mauritania  and  Mali.  He  distinguished^,  insularis
from  A.  boulengeri  by  its  more  strongly  carínate  scales,
especially  on  the  occiput  and  lower  surfaces  of  the  tail;
larger  nasal,  separated  from  the  rostral  by  a  single  elon-

gate scale;  larger  number  of  labial  scales,  8-9  versus  1 1
and  the  colouration  of  adult  males.  Nevertheless,  Park-

er (1939)  only  described  the  adult  colouration  from  pre-
served specimens.  Adult  males  are  brownish  black  above

with  light  specking,  especially  on  the  vertebral  region;
lower  surfaces  of  the  head,  chest  and  abdomen  are  black-

ish-grey; middle  of  the  guiar  region  is  jet  black.  Joger
(1979)  described  the  adult  male  colouration  of  living  A.
boulengeri  as  follows:  ( 1 )  ground  colour  pale  gray-brown
with  transverse  rows  of  white  spots;  (2)  tliroat  dirty  white
with  longitudinal  stripes,  parts  of  the  head  gray-blue;  (3)
tail  gray-blue  and  (4)  a  characteristic  half-moon  shaped
black  bar  on  the  anterior  margin  of  the  shoulder.  Lambert
&  MuLLiÉ  (1998)  refer,  beside  the  tail  crest  of  the  males,
to  the  nuptial  colouration  of  females  as  the  most  striking
difference  between  the  sexes  of  A.  boulengeri.  They  de-

scribe the  males  as  drab  with  uniform  purple-grey
coloured  scales  dorsally,  whereas  the  females  have  a  bril-

liant yellow  mid-dorsal  band  with  three  approximately  bat-
shaped  transverse  bands  on  a  bright  orange  background.

Laurent  (1947)  reported  a  series  of  Agama  insularis  from
lies  Roumé  and  a  neighboring  island,  lie  Kassa,  and  men-

tioned that  the  characters  given  by  Parker  ( 1939)  were
in  agreement  with  his  specimens.  However,  Laurent
(1947)  described  additional  sources  of  moiphological  vari-

ation, including  10  to  13  precloacal  pores,  8  to  10  supral-
abial and  7  to  10  infralabial  scales.  Because  of  differences

in  the  number  of  scale  rows  around  midbody  (lie  Roumé:
115  to  125;  ile  Kassa:  143  to  147)  he  suggested  that  the
lie  Kassa  population  deserved  subspecific  status.

The  taxonomic  status  of  Agama  insularis  has  been
changed  since  these  early  studies.  Guibé  (1954)  listed /Í.
insularis  as  valid  in  the  type  catalogue  of  the  collection
of  the  Muséum  national  d'histoire  naturelle  in  Paris,  al-

though Wermuth  (1967)  regarded  this  species  as  ques-

tionable, since  it  was  only  known  at  this  time  from  its  type
locality.  Joger  (1979)  reasserted  the  validity  of  A.  insu-

laris; however.  Moody  (1980)  placed^,  insularis  in  syn-
onymy of  A.  boulengeri,  but  without  giving  a  reason.  Nev-

ertheless, BÖHME  (1985)  followed  Joger  (1979)  and  stat-
ed that  A.  insularis  and  A.  boulengeri  are  both  valid

species  and  probably  closely  related.  Finally,  Brygoo
( 1 988)  and  Ulber  &  Barts  ( 1 997)  treated  A.  insularis  as
a  valid  species,  although  without  offering  additional  com-

ments regarding  this  decision.

Interestingly,  another  species  of  Agama  from  West  Africa
possessing  a  prominent  tail  crest  has  remained  mostly
overlooked  since  its  description.  Agama  cristata  was  de-

scribed by  Mocquard  (1905)  from  a  single  specimen  col-
lected from  Bomanesco  (Sankaran)  in  Guinea  by  M.  A.

Chevalier,  and  later  donated  to  the  Muséum  national  d'his-
toire  naturelle  in  Paris  by  M.  Maurice  de  Rothschild.  Moc-

quard (1905)  did  not  compare  his  new  species  with  any
other  species  and  characterized  it  mainly  by  the  large  crest
proceeding  from  the  neck  to  the  tail.  Later,  A.  cristata  was
apparently  regarded  as  a  synonym  oí  A.  sankaranica  Cha-
banaud,  1 9 1 8  by  Guibé  ( 1 954 )  and  Wermuth  (1967),  pre-

sumably because  both  taxa  share  the  same  type  locality
(A.  sankaranica:  Moussaia,  Sankaran,  Guinea;  A.  crista-

ta: Bomanesco,  Sankaran,  Guinea).  Later,  Brygoo  (1988)
confinned  the  validity  oí  A.  cristata  in  his  type  catalogue
presumably  because  of  the  tail  crest,  but  again  he  was  not
followed  by  Ulmer  &  Barts  (1997).

Despite  the  presence  of  a  prominent  tail  crest  in  adult
males  shared  between  Agama  cristata,  A.  boulengeri  and
the  island  endeinic  species,  Agama  insularis,  a  coinpari-
son  of  these  species  remains  to  be  conducted.  In  contrast
to  the  previous  three  species,  A.  sankaranica  aná  Agama
weidholzi  Wettstein,  1932  are  small  and  solitary-living
species.  The  latter  was  included  in  the  comparison,  be-

cause it  is  endemic  to  this  region  and  so  far  only  known
from  Senegal  (e.g.  Wettstein  1932),  Gambia  (Böhme
2005),  Mali  (e.g.  Grandison  1969)  and  Guinea-Bissau
(Monard  1940).  Additionally,  Monard  (1940)  included
specimens  oí  A.  weidholzi  and  .4.  sankaranica  in  the  type
series  oí  A.  boensis.  (Grandison  1969,  Böhme  2005)  and
for  that  reason  a  close  relation  to  A.  sankaranica  could  be
possible.

Our  aim  is  therefore  to  coinpare  the  species  of  Agama  with
proininent  tail  crests  in  adult  males  (Agama  cristata,  A.
boulengeri  and  the  island  endemic  species,  Agama  insu-

laris) to  clarify  their  taxonomic  status,  distribution,  and
phylogenetic  relationships.  We  also  include  other  species
of  West  African  Agama  in  our  study  that  lack  prominent
tail  crests  in  adult  males,  but  that  are  hypothesized  to  be
close  relatives  because  they  occur  in  the  same  areas.
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Fig.  2.   The  liolotypes  of  a)  Agama  sankaranica  (MNHN  1901.0395)  and  b)  Agama  cristata  (MNHN  1901.0394).
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Material  &  Methods

The  voucher  specimens  examined  in  this  study  are  acces-
sioned in  the  following  natural  history  collections:  Col-
lection of  Jean  Francois  Trape,  deposited  in  Institut  de

Recherche  pour  le  Développement  (IRD)  Dakar,  Senegal
(TR);  Institut  royal  des  Sciences  naturelles  de  Belgique
(IRSNB);  Museum  national  d'histoire  naturelle  de  Paris,
France  (MNHN;  Museum  für  Naturkunde,  Berlin,  Ger-

many (ZMB)  and  Zoologisches  Forschungsmuseum
Alexander  Koenig,  Bonn,  Germany.  The  type  specimens
oí  Agama  cristata  and  A.  insiilaris  were  included,  how-

ever, the  type  specimens  oí  A.  insiilaris  are  juveniles  and
therefore  topotypical  material  was  also  used  for  this  tax-
on.

Since  several  studies  have  now  shown  that  DNA  barcod-
ing,  especially  when  using  the  mitochondrial  1 6S  rRNA
gene,  is  a  reliable  tool  in  reptile  or  amphibian  taxonomy
(e.g.  Vences  et  al.  2005;  Bwong  et  al.  2009)  molecular
data  were  collected  to  calculate  a  simple  neighbour-join-

ing phylogeny  (fig.  4)  and  to  analyse  the  sequence  vari-
ation between  species.  A  portion  of  the  mitochondrial  1 6S

rRNA  gene  oí  Agama  insiilaris  (ZFMK  88247;  GenBank
accession  number:  GUI 33326)  from  the  type  locality,  as
well  as  Agama  cristata  (TR555;  GenBank  accession  num-

ber: GUI 33325)  from  Guinea,  Agama  boulengeri
(MNHN;  Gen-Bank  accession  number:  GUI 33324)  from
Mauritania,  Agama  weidholzi  (ZFMK  75001;  GenBank
accession  number:  GUI 33328)  from  Gambia,  Agama
sankaranica  (ZFMK  84992;  GenBank  accession  number:
GUI 33327)  from  an  unknown  locality  and  Agama  aga-

ma (ZFMK  15222  [neotype];  GenBank  accession  num-
ber: GUI  33323)  were  sequenced.  Acanthocerciis  atricol-

lis   (ZFMK   41748;   GenBank   accession   number:
GU133322)  was  used  as  outgroup.

DNA  was  extracted  using  QuiAmp  tissue  extraction  kits
(Quiagen)  or  a  modified  Chelex-Protocol  (Walsh  et  al.
1991,  Schmitz  2003).  The  primers  16sar-L  (light  chain;
5 '  -  CGC  CTG  TTT  ATC  AAA  A  AC  AT  -  3 ')  and  1 6sbr-
H  (heavy  chain;  5'  -  CCG  GTC  TGA  ACT  CAG  ATC
ACG  T  -  3')  of  Palumbi  et  al.  (1991)  were  used  to  am-

plify a  portion  of  the  mitochondrial  16S  ribosomal  RNA
gene.  PCR  cycling  procedure  was  as  described  in
Schmitz  et  al.  (2005).  PCR  products  were  purified  using
Quiaquick  purification  kits  (Quiagen).  Sequences  were  ob-

tained using  an  automatic  sequencer  (ABl  377).  Sequences
were  aligned  using  ClustalX  (Thompson  et  al.  1997;  de-

fault parameters)  and  manually  checked  using  the  origi-
nal Chromatograph  data  in  the  program  BioEdit  (Hall

1999).  A  preliminary  phylogenetic  tree  was  calculated  in
the  program  Paup*  4.0b  10  (Swofford  2002)  using  the
Neighbor-joining  algorithm  (NJ)  and  20000  pseudo-repli-
cates  to  estimate  node  support.  This  progi'am  was  also  used

to  compute  the  uncorrected  pairwise  distances  for  all  se-
quences.

The  following  measurements  and  scale  counts  were  used
to  compare  the  different  species  in  statistical  analysis  (for
selected  characters  see  table  1 ):  Snout-vent  length  (SVL):
measured  from  mental  scale  to  cloaca;  tail  length  (TL):
measured  from  cloaca  to  tip  of  tail;  Tail  crest  length  (TcL):
length  of  the  tail  crest  from  midpoint  of  pelvic  region  to
tip  of  crest;  head  length  (HL):  measured  from  jugalc  to
rostral  scale;  head  height  (HH):  measured  at  the  jugal-pos-
torbital  region;  head  width  (HW):  measured  across  the  ju-
gal-postorbital  region  just  anterior  to  the  external  audito-
17  meatus;  Midbody  scales  (MS):  scale  rows  around  mid-
body;  tail  crest  scales  (TcS):  number  of  tail  crest  scales,
counted  from  midpoint  of  pelvic  region  to  tip  of  crest;  dor-

sal scales  (DS):  number  of  midline  longitudinal  dorsal
scales,  counted  from  midpoint  of  pectoral  region  to  mid-

point of  pelvic  region;  cloacal  pores  (CP).

Excel  2000  and  SPSS  ( 1 0.0)  software  packages  were  used
to  run  statistical  analyses.  Hierarchical  Cluster  analysis
and  Principal  Component  Analysis  (PCA)  were  used  to
evaluate  the  moiphological  data  and  to  explore  the  phe-
netic  relationships  between  the  taxa  examined.

Results  &  Disussion

Morphology.  Significant  differences  were  found  when  the
effect  of  body  sizes  was  removed  from  analyses  (see  fig.
3),  but  there  is  still  a  high  level  of  overlap  among  species
in  all  PC's.  Best  results  were  found  in  PC  1  and  2  (PC  1  =
41.379%  of  variance;  PC  2=  25.825%  of  variance;  PC  3=
24.098%  of  variance;  PC  4=  8.699%  of  variance)  and  are
visualized  in  fig.  3.  Agama  insiilaris  has  a  significantly
larger  relative  head  height,  head  width  and  head  length
than  A.  boulengeri,  but  lower  average  of  mid-body  scale
rows  and  significantly  smaller  relative  head  length  than
A.  cristata.  Agama  cristata  differs  significantly  in  a  high-

er average  of  mid-body  scale  rows  and  larger  relative  head
length  from  both  A.  insiilaris  and  A.  boulengeri.  Agama
boulengeri  differs  significantly  in  smaller  relative  head
height,  head  width  and  head  length  from  both  A.  insiilaris
and  A.  cristata.  Males  have  significantly  lower  tail-crest-
scales  and  tail-crest-length  than  either  A.  insiilaris  or  A.
cristata.  Differences  in  pholidosis  between  A.  boulengeri
and  A.  cristata  are  low  and  mostly  overlapping  (see  table
1 ),  which  is  unsurprising  within  the  genus  Agama.  But  in
average,  A.  cristata  has  a  higher  count  of  scale  rows
around  midbody  than^.  boulengeri.  Also  the  differences
in  colouration  between  A.  boulengeri  and  A.  cristata  are
low.  Small  differences  in  colouration  were  found  between
Agama  boulengeri  on  one  hand  and  A.  cristata  on  the  oth-

er hand.  Especially  the  colouration  of  the  throat  in  adult
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Fig.  3.  Projection  of  tlic  first  and  second  principal  component
from  a  PCA  mn  on  16  individuals  assigned  to  ♦  =  Agama  hou-
lengeri,  ▲  =  Agama  insiilaris  ■  =  Agama  cristata.

males  is  distinct.  In  A.  hoiilengeri  the  throat  is  ditty  white
with  longitudinal  stripes,  whereas  in  A.  cristata  the  basal
paits  of  the  throat  are  dark  bluish-black.

Genetics.  As  obvious  from  fig.  4,  Agama  boulengeri  is
very  distinct  from  the  fwo  other  known  species  with  tail
crests  (A.  insiilaris;  A.  cristata),  and  it  is  found  in  a  basal
position  to  all  other /ige//;;«  species  included  in  this  study
(NJ:  70).  In  contrast,  the  two  other  species,  A.  insiilaris
and  A.  cristata  form  a  maximally  supported  clade  (NJ:
100)  that  is  the  sister  clade  of  A.  weidholzi  (NJ:  84)  with
this  subclade  significantly  separated  from  its  sister  clade
containing  A.  agama  and  A.  sankaranica  as  sister  taxa,
though  this  latter  subclade  receives  hardly  any  support
(NJ:  56).  This  low  suppoil  comes  as  no  surprise  as  other
studies  show  clearly  that  A.  agama  and  A.  sankaranica  are
not  very  closely  related  (Leaché  et  al.  2009).

Table  2  summarizes  the  uncorrected  p-distances  for  496
bp  of  the  16S  rRNA  gene.  Agama  boulengeri  shows  the
highest  genetic  differences  to  all  other  species  with  val-

ues ranging  from  12.1%- 1 5. 9%  thus  showing  that  it  is  not
closely  related  to  any  of  the  other  included  .^gawa  species,
and  is  far  removed  from  the  two  other  taxa  with  tail  crests
(A.  insiilaris:  \5.5%A.  cristata:  14. 1%).  Thus  the  genet-

ic data  clearly  confirm  the  specific  distinctness  of  A.
cristata/ A.  insiilaris  from  A.  boulengeri.

Although  genetic  interspecific  differences  range  at  mod-
erately high  values  ranging  from  8.0%-!  1 .9%,  the  genet-

ic distance  between  A.  insiilaris  and  A.  cristata  is  low  at
only  ca.  0.7%  (con^esponding  to  only  differing  basepairs).
The  low  level  of  sequence  divergence  observed  between
A.  cristata  and  .4.  insularis  is  consistent  with  the  hypoth-

esis that  these  taxa  represent  a  single  species.

Agama  boulengeri  is  distinct  in  pholidosis,  colouration  and
genetics  from^.  insularis  and^.  cristata.  But  no  signif-

icant differences  in  moiphology  and  genetics  were  found
between  A.  cristata  and  A.  insularis.  It  is  important  to  note
that  this  result  is  based  on  an  examination  of  type  speci-

mens, topotypical  material,  and  freshly  collected  materi-
al (see  appendix).  Therefore  we  consider  ^ga/z/a  insularis

Chabanaud,  1918  as  a  junior  synonym  of  the  revalidated
Agama  cristata  Mocquard,  1905.

Agama  cristata  Mocquard,  1905

1905  Agama  cristata  Mocquard,  Bull.  Mus.  Hist.  Nat.  11:
288.

1918  Agama  insularis  Chabanaud,  Bull.  Mus.  Hist.  Nat.,
3:  2,  3.  Terra  typica:  "ile  Rooma  (groupe  des  iles  de
Las)"  (=  Roumé  Island,  Los  Islands),  Guinea;  Syn-
types.  MHNP  1918.41,  1918.42

1939  Agama  insularis  -  Parker,  Mém.  Mus.  Roy.  Hist.
Nat.  Belg.,  Sér.  2,  15:  89.

1947  Agama  insularis  -  Laurent,  Bull.  Mus.  Roy.  Hist.
Nat.  Belg.,  23  (16):  5.

1954  Agama  insularis  -  Guibé,  Catalogue  des  Types  de
Lézards  du  Muséum  national  d'Histoire  naturelle:
26.

1 954  Agama  cristata  -  Guibé.  Catalogue  des  Types  de  Lé-
zards du  Muséum  national  d'Histoire  naturelle:  26.

1967  Agama  cristata  -  Wermuth,  Das  Tierreich,  86:  11.
1967  Agama  insularis  -  Wermuth,  Das  Tierreich,  86:  16.
1979  Agama  insularis  -  Joger,  Salamandra  15:  36.
1 982  Agama  insularis  -  Welch,  Herpetology  of  Africa:  48.
1985  Agama  insularis  -  Böhme,  Proc.  Intl.  Syinp.  Afr.

Vertebr.,  Bonn,  1985:  471.
1988  Agama  insularis  -  Brygoo,  Bull.  Mus.  Nat.  Hist.  Na-

turelle 10,  Supplement  3,  1—56.
1 997  Agama  insularis  -  Ulber  &  Barts,  Herprint  Interna-

tional, Breden,  South  Africa,  418  pp.
2008  Agama  maria  nom.  nov.  Barabanov,  Russ.  J.  Herp.

15:  206.
2009  Agama  cristata  -  Wagner  &  Böhine,  Russ.  J.  Herp.

16:  161-162.

Holotype.  MNHN  1901.0394.

Terra  typica.  Bomanesco,  Sankaran,  Guinea.

Comment  on  Nomenclature.  Barabanov  (2008)  recent-
ly proposed  a  nomen  novum  for  Agama  cristata  Moc-

quard, 1 905  because  he  recognized  this  taxon  as  a  primary
junior  homonym  oí  Agama  cristata  Meirem,  1820,  recent-

ly known  as  the  iguanid  lizard  Coiytophanes  cristatiis.
However,  Wagner  &  Böhme  (2009)  did  not  accept  this
suggestion  because  in  accordance  to  article  23.9.5  of  the
ICZN  ( 1 999)  the  author  failed  to  refer  the  case  to  the  Coin-
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Acanthocercus  atricollis

100

Agama  boulengeri

56

Agama  agama  -  Neotype

Agama  sankaranica

84

Agama  weidhoizi

100

Agama  cristata

Agama  insularis
0.1

Fig.  4.  Neighbor-joining  tree  based  on  496  bp  of  the  mitochondrial  16S  rRNA  gene.  Values  above  the  nodes  represent  bootstrap
(20000  pseudo-replicates)  values  in  percent  for  the  neighbor-joining  analysis.  Significantly  supported  values  are  in  bold.  Values
below  50%  are  not  shown.

mission  of  Zoological  Nomenclature  which  would  be  nec-
essary because  both  taxa  are  not  congeneric  since  1827,

where  Boie  (in  Schlegel  1827)  connects  Merrem's  crista-
ta as  type  species  with  his  newly  described  genus  Con  -

thophanes.

Diagnosis.  A  large  species  of  Agama  (total  length  of  adult
male  up  to  340  mm),  which  is  characterized  by  its  bluish-
black  colouration  on  the  throat  and  the  large  nuchal  and
tail  crests  of  adult  males.

The  species  differs  from  nearly  all  other  Agama  species
in  having  a  large  tail  crest,  usually  reaching  the  last  third
of  the  tail.  Only  three  other  species,  A.  boulengeri,  A.  kirkii
and  A.  knobeli,  have  such  a  prominent  tail  crest.

Agama  cristata  differs  in  detail  from:

(\)  A.  boulengeri  in  (a)  higher  numbers  of  scales  rows
around  midbody  (97  to  123  in  A.  boulengeri  and  1 1 1  to
147  [latter  value  fide  Laurent  1947]  in  A.  cristata);  in
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Table  1.

Agama  boulengeri
average  (min-max),  n

Agama   cristata   Agama   weidholñ^
average  (min-max),  n

Agama  gracilimembris*

SVL   88.4   (62.5-129.8),   22

TL   185.0   (119.2-236.2),   12

HH   11.0   (8.1-16.3),   22

HW   16.1   (12.0-24.0),   22

HL   23.8   (17.0-33.6),   22

SAM   112.9   (97-123),   22

TCS   71.3   (62-78),   10

PP   11.3   (8-14),   12

92.0  (69.0-123.0),  16

149.3  (98.8-215.0),  12

12.3  (8.6-17.6),  16

17.5  (11.1-23.8),  16

25.3  (20.1-33.3),  16

121.4  (111-136),  13  -

77.5  (75-80),  6

11.4  (10-13),  7

54-65 44-57

68-82 70-85

SVL=  snout-vent  length;  TL=  tail  length;  HH=  head  height;  HW=  head  width;  HL=  head  length;  SAM=  scale
rows  around  midbody;  TCS=  tail  crest  scales;  PP=  precloacal  pores.  All  measurements  in  mm;.*=  after  Grandison
1969  

Table  2.  Uncorrected  p-distances  for  496  bp  of  the  mitochondrial  16SrRNA  sequences  used  in  this  study.

(b)  having  smaller  relative  head  height,  head  width  and
head  length;  and  (c)  males  oí  A.  boulengeri  have  a  low-

er number  of  tail-crest-scales  and  a  lower  length  of  the  tail-
crest,  (d)  male  coloration  (larger  ocelli,  lower  parts  of  the
throat  and  guiar  fold  deep  bluish-black).

(2)  A.  kirkii  in  (a)  having  smaller  body  scales;  (b)  dorsal
scales  are  smaller  than  ventral  scales;  and  (c)  in  having
no  nan^ow  blue  and  white  banded  tail  (d)  a  geographic  dis-

tribution confined  to  northern  parts  of  southern  Africa
(Malawi,  Zambia,  Zimbabwe,  Mozambique,  Botswana).

0)  A.  laiobeli  is  herein  recognized  as  a  valid  species,  be-
cause we  recognized  striking  dissimilarities  in  moiphol-

ogy  between  A.  knobeli  and  the  fornier  nominate  fonn  A.
atra:  Agama  atra  is  lacking  the  prominent  large  tail  crest
and  has  more  spinose  scales  as  A.  knobeli,  but  further  re-

search on  the  relationships  of  these  two  species  is  in  need.

However,  A.  knobeli  differs  from  A.  cristata  in  (a)  hav-
ing larger  body  scales,  (b)  dorsal  scales  in  same  size  as

ventral  scales  and  (c)  in  having  a  pale  vertebral  stripe  in
nuptial  coloured  adult  males,  and  (d)  a  geographic  distri-

bution restricted  to  Nainibia.

Colouration  in  alcohol.  The  holotype  oí  A.  cristata  is  uni-
form brown.  Syntypes  of  ,4.  insularis  are  grey  to  brown

in  different  shades,  but  typical  ocelli  of  Agama  females
and  juveniles  are  visible.  One  subadult  female  specimen
(TR  2353)  from  the  island  lie  de  Roumé  (Los  islands)  is
uniform  brown  with  scattered  orange  stripes  and  bars  on
the  body  and  shows  dark  stripes  on  a  white  throat.  Even
juveniles  from  the  same  locality  show  dark  framed  ocel-

li on  the  body  and  white  dots  on  the  head.  In  both  juve-
niles (MNHN  2008.0023,  TR  2352)  a  lateral  orange  süipe

is  obvious.
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Fig.  5.   Images  of  the  following  Agama  species  (in  life):
A=  'Agama  insularis'  from  island  Roumé  (photo  by  Dr.  Guy  Kremer).  B=  Agama  ciistata,  male,  from  Kindia,  Pastoría,  Guinea
(photo  by  Ivan  Ineich).  C=  Agama  cristata,  male,  from  Chutes  de  Kinkon,  Guinea  (photo  by  Ivan  Ineich).  D=  Agama  cristata,  fe-

male, from  Chutes  de  Kinkon,  Guinea  (photo  by  Ivan  Ineich).  E=  Agama  boiilengeri,  male,  from  Mauritania  (photo  by  Hemmo
Nickel).  F=  Agama  houlengeri,  female,  from  Mauritania  (photo  by  Hemmo  Nickel).  G=  Agama  boiilengeri,  male,  from  Chutes  de
Félou,  Mali  (photo  by  Ulrich  Joger).  H=  Agama  weidholzi,  male,  from  Mali  (photo  by  Ulrich  Joger).  1=  Agama  cristata,  male,
from  Kindia,  Pastoría,  Guinea  (tail  crest  in  detail)  (photo  by  Ivan  Ineich).
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Fig.  6.    Distribution  map  oí  Agama  boiilengeri,  A.  cristata  and  A.  weiclhulzi.
Agama  hoiilengeri:  Mauritania:  I  =  Choüm;  2=  Ben  Amira;  3=  Aggui;  4=  Gueita  Molomhar;  5=  Chinguetti;  6=  Guelta  Hamdoun;
7=  Kanoai;  8=  Terjit;  9=  Zerga  Mountains;  10=  Tintäne;  11=  Iriji;  12=  Tidjikja;  13=  Tichit;  14=  Guelta  Fanar;  14=  Guelta  Mat-
mata;  15=  Achram;  16=  Ai'n  El  Ghaire;  17=  Bou  Blei'ine;  18=  Kifa;  19=  Bougari;  19a=  Guelta  Oumm  Lebare;  19b=  Guelta  Me-
traucha;  19c=  Oumm  El  Khez;  20=  AyoQn  El  Atroiis;  21=  between  Timbcdgha  and  Ayoün  El  Atroüs;  22=  Mbout;  23=  Sélibabi
(for  details  see  Padial  2006).  Mali:  24=  Medine  (type  locality  of  .4.  hoiilengeri):  25=  Chútes  du  Félou  (Joger  1981).
Agama  cristata:  Guinea:  26=  Moussaia,  Sankaran  (type  locality  oí  A.  cristata):  27=  lie  Rooma,  lies  de  Los  (type  locality  of^.  in-
siilaris);  28=  Chutes  de  Kinkon  near  Pita;  29=  Kindia.  Agama  weidholzi:  The  Gambia:  30=  Bwiam.  Senegal:  31=  Boughari,  Ca-
samance;  32=  between  Tiara  and  Mantiankani;  33=  13  km  Southwest  of  Kolda;  34=  Tabadienke,  30  km  South  of  Diallakoto;  35=
20  km  S  of  Medina  Gounas;  36=  12  km  West  of  Kounkané;  37=  5  km  East  of  Darsalam  (Niokolo-Koba  National  Park).  Guinea-
Bissau:  38=  Madina  do  Boé,  Pitche.  Mali:  39=  9  km  North  of  Fatao  (14°24'N,  9°29'W);  40=  20  km  West  of  Kita  ( 13°03'N,  9°42'W);
41=  5  km  East  of  Kita  ( 13°03'N,  9°25'W);  42=  between  Négala  and  Kassaro  ( 12°55'N,  8°40"W);  43=  Négala  (12°52"N,  8°27'W)

Colouration  in  life  (see  fig.  5).  Males.  Body  brownish,
scattered  with  dark  framed  white  to  creamy  ocelli,  usual-

ly bigger  ocelli  fomi  distinct  rows.  Lips  creamy  to  bluish-
creamy.  Head  and  neck  brownish  with  a  pale  stripe  un-

derneath the  eye.  Lower  parts  of  the  throat  and  guiar  fold
deep  bluish-black  with  strips  running  to  the  chin.  Poste-

rior part  of  the  neck,  body,  parts  of  the  hindlimb  and  tail
sometimes  speckled  with  white  and  dark  scales.  Some-

times a  pale  vertebral  band  between  the  limbs  is  obvious.
Tail  at  the  base  pale  speckled  black,  downwards  brown-

ish. Belly  and  underside  of  the  limbs  creamish  to  dark
grey.

Females.  Body  brownish,  scattered  with  dark  framed
white  to  creamy  ocelli,  when  pregnant  with  dark  orange
to  red  coloured  bands  on  the  lateral  body  sides  between
the  limbs.  Sometimes  lateral  paits  of  the  body  white  fol-

lowed by  a  darker  band  and  pale  brownish  on  vertebral
parts.  Head  and  neck  brownish  with  pale  to  yellow  dots
on  the  upper  head  and  a  pale  stripe  underneath  the  eye.
Lips  creamy  to  white. Fig.  7.  Mite  pocket-like  structure  (indicated  by  an  an-ow)  at  a

specimen  oí  Agama  cristata  from  Kindia,  Pastoría  in  Guinea.



Fig.  8.  Comparison  of  tail  regenerates  with  x  ray  images  (point  of  fracture  indicated  by  arrows):  A)  original  tail  of  Agama  hoii-
lengeri  (ZMB  22922).  B,  C)  long  tail  regenerate  of^.  houlengeri  (ZMB  55884).  D,  E)  short  tail  regenerate  of  .4.  boidengeh  (ZMB
55885).  F,  G)  short  tail  regenerate  of  .4.  boiilengeri  (ZMB  55887)
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Fig.  9.   A  remarkable  bifurcated  tail  in  a  specimen  of  Agama  lionotus  Honotus  (Kenya:  Kitui  District,  NMK  L/1252).



Bonner  zoologische  Beiträge  56 251

Juveniles.  Juveniles  are  only  known  from  preserved
vouchers.

Distribution.  A.  cristata  is  so  far  only  known  from
Guinea.  Beside  the  type  localities  of  the  two  taxa,  the
species  is  also  recorded  from  the  hydroelectrical  power
station  at  Kinkon  water  falls  ( 1 1°2'54.9"N  12°27'  1.8"W;
about  820  m  a.s.l.)  and  the  Pastoría  station  (former  Insti-

tute Pasteur)  (10°5'36.5"N  12°50'21"W;  about  388  m
a.s.L).

Agama  boiilengeri  is  endemic  to  the  oriental  region  from
Senegal,  western  Mali  and  Mauritania  (Geniez  et  al.
2004),  which  is  a  similar  distribution  pattern  as  in  Taren-
tola  parvicarinata  JOGER,  1980  (Sauria:  Phyllodactylidae)
(Joger  1980).  Joger  (1979)  regarded  the  species  as  endem-

ic for  the  Variscian  Fold  Mountains  between  the  Adrar
Mountains  in  Mauritania  and  northern  Senegal  (see  fig.
6).  The  limits  of  the  geographic  distribution  of  Agama
cristata  are  less  clear,  and  it  is  therefore  more  difficult  to
discuss  their  speciation  and  biogeography.  However,  the
Senegal  River,  which  separates  A.  boiilengeri  from  A.
cristata  may  have  functioned  to  keep  these  lineages  sep-
arated.

Relationships.  Morphologically,  A.  cristata  is  very  sim-
ilar to  yi.  boiilengeri.  But  preliminary  phylogenetic  results

indicate  a  sister  taxa  relation  between  A.  cristata  and  A.
weidholzi,  with  A.  boulengeri  placed  as  the  sister  taxon
to  all  species  analyzed  (fig.  4).  These  results  do  not  cor-

relate with  morphology,  because  A.  weidholzi  is  a  small,
ground  dwelling  species  without  any  tail  crest,  and  is  sim-

ilar in  morphology  to  the  west  and  central  African  species
A.  gracilimembris .  Grandison  (1969)  compared  series  of
the  two  species  and  stated  both  as  closely  related.
Gartshore  (1985)  also  mentioned  similarities  in  the
colouration  of  gravid  females  between  A.  gracilimembris,
A.  doriae  and^.  sankaranica.  There  are  also  similarities
between^,  weidholzi.,  A.  gracilimembris  and  A.  sankaran-

ica in  behavioural  aspects.  All  these  are  solitary  species
that  lack  social  interactions  outside  of  the  breeding  sea-

son (Gartshore  1985),  and  males  occupy  home  ranges
but  do  not  defend  territories.

Unfortunately,  A.  gracilimembris  could  not  be  included
in  the  phylogenetic  analysis  because  of  a  lack  of  fresh
DNA  samples  of  this  rare  species.

Biology.  Agama  cristata,  like  A.  boiilengeri,  is  a  rupi-
colous  species  living  on  rocks  in  syntopy  with  Trachylepis
quinquetaeniata  (Sauria:  Scincidae).  Also  Trachylepis  affi-
nis  was  recorded  in  the  area  nearby.  In  males,  a  mite  pock-

et behind  the  tympanum  is  sometimes  obvious  (see  fig.

7).  These  mite  pocket-like  structures  are  rare  in  agamid
lizards.  Arnold  (1986)  described  nuchal  pockets  from
iguanian  lizards  whereas  Bertrand  &  Modry  (2004)  re-

ported the  first  pocket-like  structures  in  an  Agama  lizard
(Agama  caudospinosa).  In  this  case,  the  newly  described
mite  Pteiygosoma  livingstonei  was  found  heavily  concen-

trated in  a  skin-fold  in  front  of  the  forelimb.  Here,  we  re-
port a  similar  pocket-like  stmcture  in  front  of  the  forelimb

of  an  Agama  cristata  specimen  (fig.  7,  indicated  by  an  ar-
row), which  is  similar  to  the  pocket  shown  in  Bertrand

&  Modry  (2004).  However,  these  species  are  not  close-
ly related,  and  we  predict  that  these  structures  are  more

common  in  Agama  lizards  than  they  are  currently  believed
to  be.

Remarks  on  caudal  anatomy.  Some  specimens  of  Aga-
ma cristata  anáA.  boulengeri  (e.g.  a  subadult  female;  TR

2353)  show  remarkable  tail  regeneration  (fig.  8).  Complete
caudal  regeneration  in  Agamid  lizards  is  relatively  rare,
and  regenerated  tails  are  normally  short  and  possess  a
knob-like  end  (e.g.  Agama  lionotus,  see  fig.  9).  This  is
probably  because  Agamidae,  like  Chamaeleonidae  and
Platynota,  lack  a  cartilaginous  stratum  or  plane  (Ananje-
VA  1985,  Ananjeva  &  Danov  1991 ).  As  an  example,  the
total  length  of  a  specimen  of  A.  cristata  (TR  2352)  is  89.5
mm;  with  a  tail  length  (TL)  in  total  of  68.8  mm  and  a  re-

generate length  (RL)  of  36.2  mm  (RL/TL=  0.53).  There-
fore, the  regenerate  measures  a  bit  more  than  half  of  the

length  of  the  tail.  The  total  length  of  the  regenerate  is
longer  than  the  documented  bifurcated  tail  of  Laudakia
caucasia  (Ananjeva  &  Danov  1991 )  with  a  length  of  23. 1
mm.

This  phenomenon  is  also  visible  in  A.  boulengeri.  Three
specimens  of  the  ZMB  collection  show  a  relatively  long,
slender  and  not  knobbly  regenerated  tail.  ZMB  55885  has
a  TL  of  45.8  mm  with  a  RL  of  19.7  mm  (RL/TL=  0.43).
ZMB  55887  has  a  TL  of  75.2  mm  with  a  RL  of  16.8  mm
(RL/TL=  0.22),  whereas  ZMB  55884  has  a  TL  of  109.6
mm  with  a  RL  of  46.4  mm  (RL/TL=  0.42)  (see  fig.  8).

Also  a  specimen  of  the  species  Agama  lionotiis  lionotus
Boulenger,  1896  from  East  Africa  (Kenya:  Kitui  District,
NMK  L/1252)  shows  a  remarkable  bifurcated  tail,  but
here,  in  difference  to  the  bifurcated  tail  reported  by  Anan-

jeva &  Danov  (1991 )  from  Laudakia  caucasia,  only  one
tail  tip  is  a  regenerate  (see  fig.  9).
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Appendix.  Material  examined

Agama  boulengeri.  Mall  Kayes:  Chütes  de  Félou  (ZFMK
20058,  22176  -  180,  25481  -  485).  Mauritania.  Adrar:  Terjit
(ZFMK  769 1 7);  20km  N  Atar  (ZFMK  79729);  Ayoun-el  Atrons
(ZFMK  83825  -  827);  Guelta  Metraucha  (ZFMK  76862  -  864,
76868):  Galoula  (=Passe  de  Galoula)  (ZMB  32583,  ZMB  55882
-  888,  ZMB  32584).
Agama  cristata:  Guinea.  Chütes  Kinkon  (MNHN  2006.0553,
MNHN  2006.0554);  Kindia,  Institut  Pasteur  (MNFÍN  2006.0555,
MNHN  2006.0556).
'Agama  insularis':  Guinea.  lies  des  Los,  lie  Roumé  (MNHN
2008.0023,  TR  2352  -  53;  IRSNB  1392  a-c,  1728,  1733,  1729
a-e;  MNHN  2008.0023.  ZFMK  88247).

Agama  weidholzi.  Gambia.  Bwiam  (ZFMK  75001 ).  Mali.  8km
E  Kassaro  (ZFMK  20060);  5km  E  Kita  (ZFMK  20061);  20km
W  Kita  (ZFMK  20062);  9km  N  Fatao  (ZFMK  20063  -  65);  bet-

ween Negala  and  Kassaro  (ZFMK  20059).  Senegal.  5km  SO
Darsalam  (ZFMK  20066  -  068);  20km  S  Medina  Gounas
(ZFMK  20069);  13km  SE  Kolda  (ZFMK  20066  -  078);  12km
W  Kounkané  (ZFMK  20070  -  071 );  between  Tiara  and  Manti-
ankani  (ZFMK  20072).
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Abstract.  The  type  specimen  of  Gonocephalus  mjobergi  Smith.  1925  has  been  re-examined.  A  remarkable  character,  longitudi-
nal folds  in  the  guiar  region  has  been  discovered  which  is  unique  among  agamids  of  the  genus  Gonocephalus  Kaup.  G.  mjober-

gi has  been  compared  to  members  of  the  genera  Ptyctolaemus  and  Mantheyus  and  it  is  concluded  that  these  genera  foim  a  mono-
phyletic  group  and  G.  mjobergi  is  referred  to  as  "Gen.  A.  "  mjobergi  until  further  material  becomes  available.
Keywords.  Agamidae.  Gonocephalus  mjobergi.  type  specimen.

Introduction

Historically,  the  genus  Gonocephalus  Kaup,  1 825  includ-
ed at  some  stage  species  from  the  genera  Acanthosawa

Gray,  1831,  Cotyphophylax  BXyih,  1860  and  Hyps  i  hiriis
Peters,  1867  (see  for  example  Boulenger  1885,  Smith
1935  and  Wermuth  1967).  Moody  (1980)  removed  all
species  belonging  to  the  Melanesian-Australian  radiation
and  Andaman-Nicobar  species  from  its  synonymy  with
Gonocephalus  Kaup  and  revived  the  genera  Coiyphophy-
lax  (Blyth)  and  Hypsihirus  (Peters)  as  well  as  Arua  (Do-
ria).  The  Hypsihirus  and  Arua  species  complex  has  been
reviewed  in  detail  more  recently  by  Manthey  &  Denz-
ER  (2006).

Most  Gonocephalus  species  were  reviewed  by  Manthey
&  Denzer  in  the  early  1990ies  and  arranged  in  species
groups  (Manthey  &  Denzer  1991)  on  grounds  of  mor-

phological similarities.  There  are  currently  five  groups
recognised:

a)  bornensis  group  including  beyschlagi,  liogaster,  bor-
nensis,  belli,  (denzeri)  and  the  Philippine  species  sem-
peri,  inteiTuptus  and  sophiae  assigned  to  this  group  here.

b)  chamaeleontinus  group  comprising  chamaeleontinus,
doriae  (2  subspecies,  G.  d.  doriae  and  G.  d.  abbotti)  and
kuhlii.

c)  megalepis  group  comprising  megalepis,  klossi,  lacuno-
sus.

d)  robinsonii  group  comprising  robinsonii  and  mjobergi
(tentatively  assigned  to  this  group  by  Manthey  &  Den-

zer 1991).
e)  graudis  group  comprisiung  only  grandis.

Overall  there  are  cuiTently  17  species  recognised  with  G.
denzeri  pending  further  material  and  verification.  Man-

they &  Grossmann  (1997)  synonymised  G.  denzeri  with
G.  bornensis  because  G.  bornensis  reveals  a  high  variabil-

ity in  morphoinetric  characters  and  pholidodis  which  in-
cludes characters  of  G.  denzeri.  The  examination  of  ad-
ditional 55  specimen  and  images  of  about  30  living  spec-

imen (Manthey  unpubl.)  including  the  type  specimens  of
both  species  (RMNH  3043,  3044  and  ZFMK  50527,
50528)  gives  rise  to  the  assumption  that  G.  bornensis  and
G.  denzeri  are  conspecific.  We  note,  however,  that  if  just
the  type  specimens  are  considered  there  are  significant  dif-

ferences in  dorsolateral  pholidosis.  While  in  G.  bornen-
sis dorsolateral  scalation  is  homogeneous  G.  denzeri  clear-
ly shows  clusters  of  enlarged  scales  dorsolaterally.  Future

phylogenetic  studies  using  biomolecular  and  genetic  meth-
ods will  hopefully  resolve  this  issue.

Morphologically  the  genus  Gonocephalus  is  highly  di-
verse and  solely  defined  by  a  few  characters,  i.  e.  basal

scales  adjacent  to  the  nuchal  and  dorsal  crests,  a  transverse
guiar  fold,  a  sharp  canthus  rostralis  and  an  "angled"  supra-
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