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NOTES ON THE MORPHOLOGY AND BIOLOGY OF CTENOPHORUS McKENZIEI
(STORR, 1981) (SQUAMATA: AGAMIDAE)

by M. PETERSON*®, G. M. SHEAT. G. R. JOUNSTONT & B. MILLER§

Summuary

Pererson, M., Sura, G, M., Jonnsion, G, R, & Mil Lk, B (1993) Notes on the morphology and hialogy of
Ctenophoruy mekenzier (Storr, 1981) (Squamata: Agamidag). Trans. B Soc. S, Aust. 118(4) . 237-244, November,
1994,

The systematic status of Crenophoris mekenzien is reviewesd, on (he basis of sdditional irterial Irom Western
Australia and South Australin. Habital dats for kaown localities, stomach conents. one record ol cluieh size,
and bebavioural observations and thermal preferences of captive individuals are provided, € mokenzier 15
morphologically very similar o € sotmudans, differing mainly in adult size and subtle modilications. of colour
paniern, C. mickenzied und C sentedauy are pheneticadly most siinilar to . cristanis.

Key Worns: Squamats, Agamidae, Crenvphorus, morphology. biology, habita, diet. thermal hinlogy.

Introduction

The agamid Amphibolurus mckenziei was deseribed
from two specimens (Western Australian Museum
[WAM| R59753-54), collecied at 5 km and 8 km SW
of Ponier Rock, Western Australia (Storr 1981). The
species was subsequently transferred, with a number
ol other agamid species, 10 Clenophorny (Storr 1982).
Additional specimens of C. mckenziel have since been
reported from Western Australia and South Australia
by Schwaner & Tyler (1985), McKenzie et al. (1987),
Anon, (1988), Wilson & Knowles (1988). Armstrong
(1992) and Ehmann (1992). This additional material.
previously uncharacterised, considerably extends our
knowledge of the morphology. distribution and habitat
preferences for this species and provided the basis for
this paper.

Materials and Methods

Five specimens from Western Australia. additional
to the types, have been collected: South Australian
Museum (SAM) R2832, Western Auvstralia; WAM
RY1764-65. 9 km E Kihdwerimi Granite Rock,
32904'S 124°00°E., 29,500 1984; WAM R9Y1842, R9I1852,
15 kin E Kilidwerinia Granite Rock., 32°03'§
124%05'E. 5.x.1984. Eleven specimens have been
collected from South Australiu: SAM R25572. R2a6l62,
12,6 km (air distance) NE “Colona”, 31231'S 1329049'F;
SAM R26160-61, 16.2 km (air dhstance) NE "Colona
31°31’S  132°11'E; SAM  R26890, 15.2 kmi (rodad
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distance) NE “Colona”, 31°31'S 132%9°E, 13.x1. 1984
SAM R32264-65. R32268-69, 0.5 km S Mitcherie
Rockhole, Yumburra Conservation Park, 31°27'S
132°49'E, 17.5.1987. SAM R32266-67, Skm S
Mitcherie Rockhole, Yumburra Conservation Park.
31°29'S 132950°E, |18.x.1987 (Fig. 1).

Measurements taken on preserved material follow
those used by Shes & Peterson (1985), Log-transformed
morphometnc daty were statistically analysed with
analysis of covariance. using the SYSTAT statistical
package (Wilkinson 1987).

Dietary data were obtained by examining stomach
vontents of six specimens: SAM R2832, R25572.
R26160-62. WAM R59753.

Four specimens were maintained alive lor some tme
following collection. The hzards were housed in a
vivarium with a heat lamp and Juorescent lighting,

both tarmed on at 0630 h and off at 1930 h,
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Fig. I Distmbunion of O mokenzier,
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corresponding 1o the local natural photoperiod at (hat
hime. Water, mealworms and chopped  fruit were
available ad litveum. However. one individual {R32266)
hecame emaciated and was euthanased  Ar 1800 b on
%0 1987 (i.c., 54-55 d post capture) the remnsining
three lizards were placed in a thermal graliem
(8-60°C). and allowed to accline. Calibrated copper-
Constntan thermocouples were placed at least 20 mm
110 the Cloaca and held in position with surpical tape
Cloacal temperatures were electronically  reconded
every 10 miin, for each ammal from 30 b on
1220 1987 o 130 hon 13.x0. 1987, Any temperatures
tken wlile lizards were singled in the thermocouples
were excluded Trom the analysis.,

Thermal dala were analysed using @ one-way
ANOVA to test [or dilferences in thermal preferences
berween individuals. In comparng thermial preferences
during scotophase and photophase, data froni wll
mdividualy were pooled.

Results
Maorphtology

The South Australian sample (snout-vent length
ISVL] 4176 mim, X = 635 mm, n = (118 similar
morphology and colouraton w the Western Australim
sample (SVL 3L5715 mm, ¥ = 584 mm. n=7)
There wre minor, but stanistically sigaificant diflerences
herween the two (Table 1) in the relatonship between
il length (TL) and snout-vent fength (slopes,
Eyiz =5477, p < 005 overall, TL/SVL
2I50-2529%, % = 233.5%.n = 11 v5 206,3-236.9%
x = 2225%. n = G respectively) and berween heid
depth (HD) and head length (HL) (slopes:
F = 9900, p < 001 overall, HDVHL. 57.7-67.9%
X=0614%, n=11 w 620-67.5%. X =M0%,
n = 7 respectively). with the eastern juveniles having
u longer tul and the castern adulis a more depressed
head. I s possible that the apparent long tail on esstem
juveniles may be an aneluct due w the Lick of very
small juvemles m the sample.

The affimities of C. mekenziel have 1ot previously
been adequately defined. Storr (1981) assumed a close
allinity with © scunilarus (Stirlineg & Zeirz. 18930,
but provided no argument for this. The C mekenzier
maerial now at hand clearly indicates that this species
15 very close i € sewiularus. Head, body and Limib
proportions are similar, the arrangement of sping
clusters, rows of enlarged scales and skin folds on (he
head, aeek and body 1y entical, and most elements
ol the colour pattern are shared. Both species have the
following colouration elemems (Fig. 2):

I a pale vertebral stripe, bordered by
1 a dark paravertehml stripe, bordeced faterully by

A a longiudingl series of pale blowhes, coulescimng
anteriorly and often posteriorly o form an irregular
stripe from hehind eve, over the ear aid upper
postauricular spines. to the fail base, where Ihe twn
stripes oflen Tuse. This element is hordered Lsernally
by

4. an upper kaeral zane from below the eye, through

the eur, over the forelimb and hindlimh (o the

proximal parc of the tol, hordered ventrally by

a broad pale wiidbmeral stripe from axilly o groin,

then along hind edge of thigh along the proximal

purt ol The @l dark margined ventrally:

b, on mupe and forebody, a series of dark Iransverse
birs connecting the dark paraveriehral sunipes and
wterrupting the pale vertebral stripes;

7. nurrow pale caodal vings usually present, overlying
other elements of 14l pattern;

B dark ventral markings m males amd some fetales
consisting of al least 34 broad median stripe from
chim Lo gular fold. broadest just rostral 10 the gula
told. and 4 rhomboidal 1o Kie-shaped dark bregst
patch, extending caudally « variable distance, m
solne cases W the gron, Some specimens ol both
species have addifional dark venrral nuarkings.
including streaks and spots lalerally on the throat.
and dark anterior marging w the thighs (Fig. 3).

Storr (1981) differentiated € mckenziet from ¢
settwlarus hy four characiers: smaller size, deeper
bead, fewer subdigital tamelkic on the Turth e and
colouration  (back  blackish brown  with  whitish
vertebral sinpe and transverse lines vy pale browa with
pared dark brown blowches merging on foreback
ta form  crosshunds). The additional naerial
now dvuilable supporis the size difference
(SVL = 315765 mm vy 3115 mm: Sworr erul. 1953)
The simallest male C mckenzier with ditated, wax-filled
femoral and preanal pores and turgid tesies has
SVL = 48 mm (SAM R25572), while a fepile of the
sime s1z¢ (SAM R26890) has well-developed ovaries
and  oviducls. One femule (SAM R2832.
SVL = 715 mm} s gravid, with three oviducal eggs
However, the remaining three characters employed are
non-diagnnsnc or require guahficurion.

The purportedly deeper head of C. mickenzies 15 not
apparcnt i our measurements (Tuble 1, althaogh i
i clear Iram the very much lower values given by Storr
(1981) that he used differcnr measudreiuents w obtain
4 head depthfhead length ratio (possibly head deplh
As defined by Witten [19851), W have migssured hegd
depth at the highest point of the skull. over the paricial
eye, und head length from tip of saout o rostral g
of car. As noted above, the castern sample of adul ©
mckenzier hud o shallower hedd than the western
sumple A differcnce of similar magnilude was also
present between the castern saimple and C0 sountfams
(slopes: Fy ., = S84, p < 000,

N
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Fig. 2. Dorsolateral views of A. male C. mekenziei (15.2 km NE "Colona”, SA) and B. male C. scutularus {Hospital Rocks,
WA) in life (photographs M. Peterson).
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The lower number of subdigitd lamellac in ¢
mekenziel 15 not an abselute  difference. and s
geographically variable. Western € mckenziei had
counts. ot 25-30 (X = 274, mode = 27, n = 14) while
castern €. mekenzier had 25-32 (3 = 296, mode = 30,
n=I8). The C scundlatus sumple we examined had
2841 (X = 34.9, n = B0) subdigital lamellae, only
7,3% tewer than 32, although Storr er al. (1983) give
a range of 31-44. All means are significantly dillerent
(pairwise (-tests: castern vy western C o mokenzied,
Ly = 336, p < 005; western C. mcekenziei vs C,
scutulatus, ty; = 1088, p < 0005; eastern C
ickenziedr vs C. scwtulaius, 1, = 833, p < (005).

As noted above. the colour pattern 15 composed of
the sume elements 1in cach species, The difference noted
by Storr (1981 is due 1o pubing of the durk dorsal
markings in C. seutwlatus, particolarly the centres of
such markings, und enlargement of the pale dorsal
spots, T'he dark crossbunds on the foreback of €
scurwlatus are also present in C, mokensier, though
narrower, less contrasting and often fewer.

Sympatry 1s not yet known between C mokenzivi
and C scvnlaris to confirm a species-level difference,

R
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although the two species are known to approach o
within 85 km of each other (WAM R91764-63
R65538, 0.5 km S Buningonia Spring, respectively)
However, the Tower number of subdigital fanellae in
western C mckenzier, which are geographically closest
10 C. scutulatuy, ogether with the much smaller adult
size, and consistent evenly dark upper lateral zone (v
usually light centred) sugpest that C mickenziei is
specifically distinet,

Habitai

The two Western Australian localities hsied above,
and the vwo South Australian localities 12,6 km NE
and 16.2 kni NE *Colona” are respectively siles BAIR,
BAS, KO2 and KO4 of McKenzie & Robinson (1987),
while the [ocalivies 0.5 km S and 5 km § Mucherie
Rockhole are sites MIST and MI2I of Copley & Keniper
(1992). From the combination of photographs of the
habitat and floristic lists at euch locality provided by
McKenzie & Robinson (1987) and Copley & Kemper
(1992). specimen collection data [rom both muscums
and observations by the senior author, it appears that
the primary floristic components of the O mckenziei

hitgl

Fig. 3, Typical melanio venral parterns of A, € mokenziei und B, C. scundaras. Seale bars = 2 ¢
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habntals are Eucalypius oleosa Ev.M. ex Miq. (giani
mallee). Acacia pswaldii Fyv. M. (umbrella wattle) and
A papyrocarpa  Benth. (western myall) over a
chenopod understorey of Arriplex vesicuria Heward cx
Benth. (saltbush), Maireana spp. (bluebush). Rhagodia
spenesceny R.Br. and Sclerolaena spp. The chenopod
understorey is common to all localities. The substrate
lype ut sites BA2B, BAS, KO2, KO4 and MISI s
crusting sundy clay loam to loam (McKenzie &
Robinson 1987; Copley & Kemper 1992), while the
specimen from 15.2 km NE “Colong™ was found under
a bluecbush on a non-crusting sandy substrate, similar
1 the substrute recorded from site MI2I,

Al sites BA2B, BAS, KO2, KO4 and 15.2 km NE
“Colona”. C. mekenziei was sympatric with C. pictus
(Peters 1866), and at the former three sites it was also
sympatric with the agamid Tvmpanocryptis lineata
Peters 1864, Ar site MI2L, it was the only agamid
recorded, whle at site MISI, C fordi (Storr 1965) und

Pogona minor (Sternleld 1919) were also recorded, The
latter species was also found al 15.2 km NE “Colona™

Divi

I'he dominant prey nems in all specimens examined
were ants, particularly small Tridomyrmex. although
some larger ants (Campanotiis, Melophors and other
unidentified genera) were present. Other prey items
recorded were Hemiptera (single individuals ol
Poecilomens sp. in R22835, R2832, two pentatomids
m R2832, and a small unidentified bug in R26162),
Coleoptera (one small curculionid prothorax and a
large scurab larva in R2832; three unidentified elytra
in R25572). Mecoptera (a large abdomen in R2832),
Diptera (one small fly wing in R2832), Homoplera
(one small wing in R25572), Orthoptera (one small
grasshopper head in R25572), Hymenoptera (one small
bee hewd in R25572) und fMower parts (R26161).

Tame 1. Allemeteie eguatioms aed coalenlated vedies for cranial and somatic proportions in C. mickenziey (nck), O scutulatus
(xcu) und C. cristats Leri). Eastern and western samples of C. mekenzici are kept separate for tail length and head depth,
hur peoled rs'.wu#wrr.y.s the equations were not significantly differenr. Walues u and b solve the equation y = by, s.e iy
dundard ereocof a, r = correlation cocfficient, ol < direction of significant allometry, Cgs, Csg and Cs are caleufated
percemage proporiions ar SVL = 32, 76 and 105 mm (approximate minimum size for all spectes. maximum size of C mekenzien
artd approximate large udult size for both C. scutulatus and C. cristalus).

i S0 b : ‘II. C” C'N‘ Cﬁ-ﬁ

AGL/SYL

mck 1.2128 535 1%3 9698 + a7 46 -

sCu [ (M) 1284 323 8GR + A1 44 AN

cfi 1.0847 0381 295 9854 + A0 43 44
TL/SVL

mek(E) 4732 O6dE 2.606 9617 0 2.37 2.32

meki W) 1.1662 1423 1.145 mdy -+ 2.04 2.35

SCu 11024 (124¥ 1 586 U843 + 226 2.47 2:55

eri 1 1582 (282 1 1id D930 | 1.91 2 19 2.31
FLL/SVL

mck AR50 J03K2 785 9677 - .44 38

Seu 254 D348 373 CTRL - 44 4 A0

cr 706 D30 476 URKT (] 43 42 42
HLL/SVL

mek K714 0339 1.503 9763 - K M6 -

SCU 166 031 1.275 9797 - 45 .89 86

ori 9911 0196 1.m7 9953 0 9 JUR K]
HL/SYI.

mick 934 045K 33 441 - 26 22 -

SCU R563 N223 421 OR71 - 26 23 22

eri Tal3 0174 | 934 - .28 2 i |
HW/HI.

mck K714 0231 1234 PR - 04 ) -

sl KY5() 0175 1.206 992K - a7 B9 K7

eri RO9S 0193 2% 9945 ~ R 92 .89
HD/HL

meck(l) 7185 0671 1.286 0272 — N 55 -

mek(W) LOR09 0473 673 JORRS 0 65 64

sell 9352 280 T80 MK - 63 62 -hl

Cri Y66y {0287 126 AT ( 68 bb N35!
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Hehavionr

Two lypes of crcumiduction and two types of heid
bob were seen. The circumduction types seem m
correspond 1o the challenge wave and submissive wive
deseribed by Bratstrom (1971) in Pogona beirhar
(Cuvier I8249). The hiead-bobys differed in cadence and
degroe w which the head was moved, oided hy
extension of dwe [nrelimbs, Tn o dominant male the bead
wits mived g prearer distance below and above the
forill planc ar a faster sate thisn it wis [nastiibordinate
fle o fwo lemisles

Tweor captive niales were ohserved in an agonistic
display. Upon bemg placed in the enclosure for
declimation, they  head-babbed and  cireumducted
severtl nimes betore presenting o each other at a
distance of about 15 ¢, They were facing i the siamne
direction and continued o head-hob. As the display
intensificd they coiled their wils loosely und both did
several hind-leg push-ups, similar to those described
lor the € decresii complex by Gibbons (1979). The
display ended when one lizard bit the other on the nape.
They rolled violently sbout the cage and then
separied

Iewprrature preferences

The thiee C mekenzier studied maintained body
tenperaturcy between 11,1°C und 43.4°C (X = 34 7°C
o = 4dl) in o thermal gradient over a 24 h period
(tablc 29, There were significant differences in thermal
prelerences between individual lizards (p = 004), This
iy have been due withe low variance of RI2267 with
respect i the other two individuals,  Differences
between ightthine and daytime body temperatires
were barely  sigmblicantly  dilferent (p — (LOS).
However there was 4 large dilference in voluntary
mutmunt body temperature during photophase (11.1°C)
nnd scoiophase (28.7°C). This may reflect greater

T 20 Companisen vy thermal preferences among three
C mehense run in a Heemval eradivnr Meastincmenty abe
i o,

Ltrard n X i Runge
R3I2I67 129 35.4 44 20 1%y
Ri22nK 151 J4.4 R 1H. 13200
R3Z2hv 138 M5 4,08 110414
Tl 418 REN 3.4 1.l 434
’:—: 415 = .."3‘"‘?7 f.' = ”;N

Moy, 5 M, (1980) “Phylogeneue und histoncal
Hwgeographical relotinnships ot the genara in the limily
Agamidac (Repuli Fareeriilin. (PR thesis, Viiversity
Wt Michigan).

Wivinn, G ) 98y "Commpurative morphology ana
kurvalogy of the Austrilian micinhers u] the  Lanly
Aggiriiae and e phylogenetic smplications” (PhD thesas,
Trepversity ol Syliey)
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activity during the day. Interestingly, the voluntary
maximum body tempersture (43.4°9C) wus achieved
during the night, indicating that some nocturnal activiry
oecuried.

Discussion

Morphology and relationships

The attiminies of C. mckenzier and €. seumdaris
other taxda remain uncertain, Pianka (1971) stated,
without providing evidence, that C. sewtuleaty wnd C
prisranes (Gray 1841) were "obviously rather closely
related”. Moudy (1980) added the C. caudicinctus
group 1o the lawer complex, diagnosing it on the basis
of shape of the medial process of the preanticular hone,
linb length, body size, and presence ofa nuchal crest
and keeled vertebral scale fine. Storr (19821 in
resurrectny  Crenophorus, did not place €
cawdicinerys,  C. crisaris, C. mckenziei or O
sewllagy 1 uny of the species-groups wathin Ui
genus, Subsequently, Storn e ol (1983) placed all four
species. wigether with the €. veticulatus species-group
of Storr (1966) and €. decresii species-group ol
Houston (1978) in A single expapded € decresii
species group, noting thal (s was merely an
assemblage, and associated € mickenziei and C
sewtteatees 0 an undgnosed informal subyriup, linked
by inference (Storr ot al. 1983: 32) with €. Crishaiuy.
Witten (19827, 1985) placed € seurglanis with the
mmatedaluy group and C. eristats with C caudieinetuy
i a C eristanas group. Both groups shared dovk ventral
miarkings and posierior interscalar femoral and presmal
pores. The € evistanis group was differentiated from
the € maectdatus group by the more widely spaced
pores, and smooth (v usually keeled) ventral scales,
The presence of a verebral scale ridge and 4 nuchal
ridge was constdered diagnostie tor the C. eristats
group, although the presence of both dark ventral
patiem and & veriebral scale ndge in G scutulariey was
considered primitive within the C. maculams group.
A vascular tissue block deep to the verebral und nuchal
ridges. pussibly functiomng in crest erection, was noted
for C. crivtarey and C. caudicinens. but was nin foundd
m the © mddcilans group members examingd (which
did not include € scuilanies), Crest erection was noted
lior € cristurus, butnol for € caudicinems, We haye
observed nuchal erest erection in both C vamdicinems
(G.M S and C sewmmlains (M.P: Store er al. 1983
Plate 2). However, Witten (1982) considered thix
vasenlar tisspe block 16 be plesiomorphic within
Crenoplioris,

Body, head and Timb proportions are similar in
cristaiun, C, mekenciciund C, scudufledus (Table 1) and
all share similar male ventral pattern, o nuchal crest,
and a veriebral line of enlarged, strongly keeled scales,
the kaer unbike members ol the C macwlatuy specics-
group. Consequently, we believe that the #ifinities of
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C mckenziei and C. scutwlarus are with C. cristatus.
although it is clear that a more rigorous cladistic
analysis of the phylogenetic relationships within the
Australian agamid radiation is sorely needed.

Diet

The ant-donunated diet of C. mckenziei is similar
to that reported for other small Crenophorus species
(Pianka 1986: Baverstock 1979: Mitchell 1973).
Although Iridomyrmex spp. were the most commonly
eaten ants, their dominance may simply reflect
availability rather than any selection by the lizards (E.
Matthews, pers. comm.).

Behaviour

The behaviour reported here for C. mckenziei has
been observed in other species of Australian agamids.
The hind-leg push-up display was thought by Gibbons
(1979) to be unique to the C. decresii complex. The
observations presented here show that this is clearly
not the case. Whether this behaviour is homologous
in C. mckenziei and the C. decresii group is unclear.

Thermal preferences

The mean body temperature of C. mckenziei reported
here is lower than that reported tor C. scufulaties n
a laboratory gradient by Licht er al. (1966). It is unclear

whether this is a real ditference or an artefact of

conditions  which the animals experience during
acclimation or while in the thermal gradient. It s
noteworthy that Licht er al. (1966) used a thermal
gradient in which the minimum temperature available
was 25°C, considerably above the voluntary minimum
body temperatures experienced by two of the three C.
mekenzier tested.

While the observation that the voluntary maximum
was recorded at night may at first seem unusual in an

animal belonging to a group traditionally thought of

as diurnal heliotherms, this is not really so. Several
species of agamid are known to exhibit some nocturnal
activity when thermal conditions allow (Fyfe 1981:
Morley & Morley 1985: Bedford 1991; G.R.J.. G.M.S..
pers. obs.). A constant source of heat in a thermal
gradient probably presents as near optimal conditions
for nocturnal activity of agamids as possible. However.
the low variance exhibited by C. mckenziei at night
(1.86 vy 6.22) indicates that nocturnal activity is limited.

Comparative material examined
(all localities in Western Austraha)

C. cristatus: WAM R41827, 2 mi SW Wahlyamoning
Rock: R6R001-04, R68023-24, 4 km SW Lake Cronin;
R68005, R68029, Lake Cronin; R68006, 2.6 km SW
Lake Cronin; R68021-22, 5 kmm SW Lake Cronin;
R70707, Frank Hann National Park; R71833, 19.5 kin
78° Toomey Hills.

C. scutularus: SAM R1459a-1, R3024a-b, R4814a-1
(syntypes), between Fraser Range and Queen Victoria
Springs: WAM RI1235, R1761, Laverton; R284], Gutha:
R5306, Wadgingarra; R8170-71, “*Yuin™; R9352,
Malcolm; R9510, Morowa; RI11236, Carnarvon:
R12209, Shark Bay: R21865-67, Caron: R48385-89,
40 km N Beacon: R53551. 15 km E Point Sunday:
R59605-06, 20 km ENE “Meadow™ HS. RB6769,
14 kmi WNW Mallee Hen Rocks.
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