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A BSTR ACT 

I m m a t ure. adu l t  ma les and fema les of t h e  l izard.  Aga11w aga111a (L.) col lected a t  A go-lwoye, N igeria dur ing  the 
seco n d  and t h i rd qua rters of  1 987, d i ffered most  in snout-vent  lengths ( S VL) .  They averaged 59 ± 3mm. 1 25 ± 2mm 
and 1 04 ± 3mm S V L  respec t i vely and a l so  d i ffered in  d i mensions a n d  weights of  other  body s t ruct u res. These 
st ruct ures, i nc lud ing  scales,  eyes, ta i l  and h i nd l i mb, corre lated wel l w i t h  S V L  and grow a l lomet r ica l ly in rela t ion  to 
it. They can therefore be used to separate Aga111a agama i n to  age-sex classes. Females are capable of  breedi n g  at 
9 1  mm SVL and t hose in  breed i n g  cond i t ion  d i ffered from non-reproduct ive members in  weigh t s  and d i mens ions of 
gonadal  struct ures ( P<0.00 1 )  but not S VL and body we ight ( P>0. 1 0 ) .  M a les in reproduct ive cond i t ion  d i ffered 
from non-reproduct ive ones in S V L ,  body weight and reproduct ive para meters ( P<0.00 1 ) . 

I NTRODUCTION 

In  t ropical  Africa,  where i t  is widely d is t r ibu ted.  the  
Aga m a  or  ra i nbow l i zard , Agama agama ( Fa m i ly -
Aga m idae) is t h e  most common rept i l e  clue to i t s  
to lera nce of a considerab le  range of c l i ma t i c  
condi t ions ( Ha rr is .  1 963) .  Desp i t e  i t s  abundance and 
common occ u rrence .  t h i s  l i za rd has  been l i t t le s tud ied. 
I t s  breed ing biology in Kenya ( Marshal l  a nd H ook. 
1 960) ,  growth and  cycl i c  behav iour  in  Liberia ( Dan ie l .  
1 960).  and general b iology i n  G hana  (Chapman and 
Chapman .  1 964) have been s tud ied a n d  reported. 
Tin kl e  ( 1 969) reviewed l ife h i s tory strategies of l izards 
and postu la ted tha t  Agama agama is early-ma t ur ing .  
short- l ived, m u l t ip le-cl u tched a nd acyc l ic  i n  breed ing .  

Reported inves t igat ions  of Agama agama in N igeria 
were c arried out  in widely-sepa rated periods of t i me. 
H a rris  ( 1 963.  1 964) described t he anatomy. general 
hab i t s .  t e rr i tor ia l  behaviour and reproduct i ve bio logy 
of t h e  l i za rds col lected fro m  I badan a n d  Lagos.  
N igeria .  The d i urnal act iv i ty pa ttern. and popula t ion  
dens i ty  were  i n vest igated by H a l stead ( 1 970) and 
E k unclavo a n d  Otusa nya ( 1969). Ma le  Agama agama 
a re usua l lv bigger than  fema les in  s ize and a re 
po lygynous .  The rat io  of ma les to females varies 
between I :3 i n  the ra i nv season to I :4 in  the d ry season .  
These l izards a re inact ive a t  dawn.  Thereafter. 
act iv i t i es increase a n d  pea k i n  the  late  a fternoons.  

The s i ze d i s t r ibu t ion and m o rphomet r ics. growth 
rate .  and reproduc t i ve parameters o f  th i s  species have 
been l i t t l e  s tudied .  I nformat ion  on sizes of l izards a t  
specific s tages o f  sexua l  matur i ty a n d  k nown ages a re 
requ i red by those conduct ing  field resea rch on  
popu la t ion and general ecology of these l i zards.  Life 
h i s tory da ta a re a lso needed to t est  hypothes is  on 
reprod uct ive s t rategy of Agama agmna. 

I n  th i s  paper.  resu l t s  of a p rel i m i nary i n ves t igat ion 
of the  g rowth  rel a t ionsh i ps a nd r11orphomet rics .  age-

sex d iffe rent ia t ion  cr i ter ia  and reproduct ive cond i t ion 
of Agama l i za rds col lected between M a rch and A u gust 
1987 o n  the  Ogu n  State Un ivers i t v  M i n i-Campus,  
Ago-lwoye, N igeria,  are presented.  

STUDY A R EA AND M ET HODS 

The s tudy site.  the Ogun S ta te  U n iversity Min i ­
Campus .  Ago- I woye . occ u rs i n  t h e  sou thern N iger ian  
R a i n  Forest bel t .  Open spaces bet ween bui ld i ngs on 
the  M i n i-Campus a re in terspersed with grasses and 
p lan ted shrubs and  t h e  roads are bordered by 
un painted concrete d ra i ns .  

Eighty-two l i zards col lected fro m  differen t  s i tes o n  
the M i n i-Ca m p u s  were each s t u d ied as a u n i t  for 
morphometr ic  fea t u res .  growth a nd i t s  ind ices and 
reproduct ive ac t iv i t y. Lengths  of the fol lowing 
e xpressed to the neares t m m  or 0. 1 m m  were recorded 
for each l i za rd ca ught:  snout-ve n t  ( S V L ) .  h ind l imb 
( HLL).  i n tact ta i l  ( T L ) .  eye d iameter  ( ELD) .  and scale 
(SL) removed from the dorsal part  of the t a i l  near  i t s  
j u nc t ion  w i t h  the  t ru n k. Di mens ions  of ovar ian 
fol l ic les o r  oviduct a l  ova were recorded for fema les. 

Weigh t s  of: the whole body ( G B W ) .  eye ( EL W ) .  
p a i red ovar ies and  o v i d u c t  w i t h  fol l ic les and  eggs. 
pa i red testes (TW) a n d  the ep ididymis ( E W )  were 
recorded to the nea res t  0. 1 g or 0 .0  I g for t h e  a p p l icable 
sex. The epid idymis :  test is  weight  rat i o  (ETR) was 
determined  for m a les . 

Lizards were ca tegorised as i mm a tu re.  and  a d u l t  
( sexua l ly-m a t u re )  m a les and  fema l es on the  basis of 
gonadal  m a t u ri ty.  Breed ing  fem ales were e i ther  
v i te l logenic  wi th  developed. yo l ked ovarian fo l l ic les: 
or ovigerous w i t h  ov iducta l  eggs. Non-breeding 
females were t h ose w h i ch had u ndeveloped. m i l ky­
wh i te  ovar ian  fo l l i c l es and  no oviducta l  eggs . M a l e  
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Adult Adult 
Attribute Immature males fem a ks 

( 1 4 )  f ( 40 )  ( 28 )  

S V L  (mm) 59 ± 3" 1 25 ± 3" 1 04 ± 2" 

Scale length (mm) I .  I ±  O. l h 3 . 5 ± 0. I "  2 . 8  ± 0 . 1 "  

Eye diameter ( mm) 4 . 2  ± 0. 1 " 8 . 1 ± 0. 1 "  7 .4 ± 0. 1 "  

Eye weight (g) 0. 1 2 ± 0. 0 I " 0 . 3 6  ± 0.02" 0 . 28 ± (l .0 1 "  

Body weight  ( g) 8 . 2  ± 1 .4" 6 8 . 1 ± 3 .4" 40.2 ± 1 . 7" 

TL:SVL ratio I .  78 ± 0.06[' 1 .44 ± 0.04" 1 .65 ± 0 .05" 

H L L : SVL ratio 0 . 3 0 ± 0.0 1 "  0 . 2 7  ± 0 . 0  I " 0 . 25 ± 0.0 I " 

TABLE I :  Mean dimensions. weights and morphomet i·ic measur ements ( ±  S. E. )  of bodv st ructurcs or /\ga ma lizards belonging 
to different  age-sex classes. Number of lizards in each category i s  shown in parentheses. 

Mea n  along rows with same superscript are not different ( P>0. 0 5 ) .  

Agama agama were placed in  breeding categories on 
t h e  basis  of  t heir  body weights ,  testes weights  and 
ETR. B reed ing  males were t hose that  had higher- tha n­
average values of the  3 parameters wh i l e  non-breed ing  
ones  had  lower  values .  

Frequency dis tr ibut ions o f  l i zards according to the i r  
S VLs,  TL: S VL and H LL : S VL ratios were  i ns pected to  
de termine  t h e  u t i l i ty  of  t h e  variables as  age-sex class 
ind icators .  The rela t ionsh ip  between some of these and 
other  variables where lengths  were expressed i n  cm and  
weights in  g . ,  was  examined by correlat ion and 
regress ion .  The occurre11ce of a l lometry between any 
2 body d imensions compared was  proven by :  ( i )  tes t i n g  
for deviat i o n s  of observat ions from s i m p l e  size 
a l l o m e t ry ( S i m pson et al. , 1 960) ,  and ( i i )  tes t ing  t h e  
h omogene i ty  of  regression and corre la t ion  coeffic ients  
o f  j u ven i les, adu l t  ma les and females by means of a n  
F-test and a X2-test cr i ter ion respect ively (S teel  a n d  
Torrie,  1 980) .  Constan ts  of  t h e  a l lometric growth 
formula ,  Y = bX" are ind icated. 

Pair-wise and m u l t i ple comparisons were made 
using the  t- test  and one-way ana lys is  of variance 
(A NOVA) .  M ean separat ions were accompl ished with 
D u n can's New M u l t i ple Range Test .  Res u l ts of  
s ta t i s t ical tests  were considered sign i ficant  a t  P<0 .05 : 
h ighly  sign i ficant a t  P<0.0 1 .  

R ESULTS 

S I Z E  D ISTR I B UTION OF Agama agama 

The snout-vent length ( S VL)  showed the  sharpest 
m odal  separat ion of the l izard age-sex classes. The 
general  d i s t r ibu t ion  modes of low SVL, i ntermediate  
S VL .  a n d  h igh S VL fi t ted t hose of i m ma ture ( 5 5 m m ) ,  
a d u l t  females  ( 1 05 m m ). a n d  a d u l t  m a les ( 1 3 5 m m )  
respect ively ( Fig.  l a ) .  The smal lest-s ized juveni le  was 
4 5 m m  S VL w h i l e  the b iggest was 7 5 m m  S VL. S i zes for 
a d u l t  ma les and fem a l es were between 84- 1 48 m m  a n d  
89- l l 9 m m  S VL respec t ively .  T h e  TL: S VL dis tr ibut ion 
was t r imodal  ( Fig.  1 b ) ,  wh i l e  the genera l  d is tr ibut ion 
of HLL:SVL quot ients was u n imodal  ( Fig. l e) .  

M eans  of snout-vent lengt h .  body  we igh t  and o ther  
var iables for sampled l i za rds categorised i n t o  t h e  3 

age-sex classes are shown (Table  1 ) . I m mat ure. a d u l t  
m a l e  a nd adu l t  female l i za rds  d i ffered i n  SVL. eye 
d ia meter, eye weigh t .  scale length and  gross body 
weight which were highest in adu l t  ma les (al l  tests  
one-way ANOV A, P<O.O 1 ) .  They a lso d i ffered in 
H L L: SVL and TL:SVL ra t ios ( F  tes ts .  P<O .O I ) ,  which 
were greatest i n  i mm a t ure  l i zards.  

Body weight ranges were 2 . 5- I 8 .4g for t h e  
i m m a t ure, 22.6-54.0g for adu l t  females a n d  2 1 .  l -
1 07 . 8 g  for males .  The upper l i m i t s  of ranges o f  t h e  eye 
d iameter ,  eye weigh t ,  scale lengt h ,  h i n d  l i m b  length 
and ta i l  length for i m mature l i zards were respect ively 
5 m m ,  0 . 2g, l . 5 m m ,  2 1  mm and 1 42 m m .  The m i n i m u m  
va l ues of these parameters for the  sexua l ly-mat u re 
were 6ni ni·; · 0 . l g, l .O m m .  22mm and 1 22 m m  
consecut ively.  

G RO WTH R EL ATIONS H I PS /\ND M O R P H O M ETRIC 

A N A L Y S I S  

There was no systemat ic  deviat ion of observa t ions 
from a s imple a l lometr ic  rela t ion  for each dependent 
variable versus the  snout-ve n t  lengt h ,  as  no  t rend or  
curva t u re was apparent  from a p lot  of t h ese deviat ions .  
Regression coeffic ients ,  a ,  for rela t ionsh i ps considered 
for each age-sex category. wh ich a l so const i t u t e  t h e  
constant  of  a l lo metry s i n ce a l l  val ues were log­
transformed, were homogeneous for the regressions o n  
S V L  of scale length ( F 2_76 = 0.02,  P>O . l 0 ) .  eye d iameter 
( F2_ 76 = 0. 1 1 , P>0 . 1 0 )  and eye weight ( F2_76 = 0 .33 ,  
P>0. 1 0 ) .  

The correla t ion  coeffic ients  and constants which 
specified the growth rela t ionsh ip  between t h e  SVL and 
t hese dependent  variables a re shown (Table 2 ) .  
A l l o m e t ry constants  were pos i t ive and  above 1 for 
scales ,  eye weigh t ,  and pooled body weights,  b u t ,  
below I for the  e y e  d iameter,  t h e  ta i l ,  and t h e  i m ma t u re 
l izards' h i nd l i m b  length in rela t ion  to t h e  SVL. The 
a l lometry constan t  was nega t i ve for adu l t  hind l i m bs .  
Correla t ion  between s n o u t-ven t  length a n d  each o f  t h e  
fo l lowing : sca le  length .  eye d iameter,  eye weigh t .  a n d  
t a i l  length ;  was s ign ificant  ( P<0 .05)  for j uven i l e  a n d  
adu l t  Agama agama except  for eye d i a m e t e r  of  fem a l es 
whose corre la t ion  wi th  SVL was n o t  s ign ifi c a n t  
( P>0. 1 0 ) .  B o d y  weights  of  the  i nd iv idua l  age-sexes 
correlated poorly with total body length ( P>O. I 0 ) .  
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M a les Females  l 111 m a t  1 1 rc  o,·c·r;d \  ( p nnkd ) 
Dependent  var iable ( Y )  b a b :I h :1 h :1 

Scale 0.69 0.0 1 U 7  0 . 6 5  0 . 0 1 1 .-1-l 0 .6.\ 0 .0 1 1 . -10 0 . 9 1 0 0 1 I :'\ :'\  
length * *  * *  * II= * 

Eye 0.84 0.22 0 . 5 2  O . J  I 0 . 1 5  0 . 70 0 .69 0 . 1 -1 0 . (10 ( l . X 9  0 . 1 0  O X !  
d i a meter * *  n .� .  • •  * *  

Eye 0.48 0 .02 1 . 1 2 0 . 4  7 0 .02 1 .66 0 . 76 0 .0 1 l . J�  ( Un  0 0 1 1 . -1 1 
weight ** ** :j: ::: 

H i nd l i m b  0 . 9 7  _l:\ . 5 7  - 1 .02 ( ma lcs a n d  fcm:dcs 0. 94 0 .-1:'\  0 .  7 5  0 . -I X  1 .02 0 -1 2 
length * *  pooled)  * �' * *  

Ta i l  0 . 5 3  3 . 3 0  0 . 6 8  0 .6 .\ .1 .02 0 . 7-1 0 72 ·' 02 0 .  7 1  0 .  75  -1 . 7.\  O S !  
len g t h  * * *  * *  * *  

Body weight ( v<:rsus t .  0 . 1 4  1 0 . 1 4  0 . 5 8  O . J 6  1 0 . 9 1 ( L \ 8  O . :'\  I 0 .05  1 . 79 O . X X  ( ) ( ) I  !. . 7 6  
body lcngt h )  n . s .  11 . S .  1 1 . � .  * *  

T A B L E  2 :  Corre l a t i o n  coeffi c i e n t s  a n d  cons t a n t s  o f t  he  a l  lo met r i c  gro11·t h rc l : t t  i o n s h i p .  Y = h X ·' bet w e c n  S V I . n r  t o ( a  I bodv 
length ( X )  a n d  other var iab les ( Y )  for t h e  3 Aga ma l i za rd age-sex c la sses.  
n.s . .  not  s ignifica n t : * s ign ificant  ( P<0.05 ) :  * *  h i g h l y  s ign i ficant  ( P<O.O I ) . 

The re was d i s t i nct  d i sco n t i n u i t v  i n  t h e  regression 
l i nes fi t t ed for the S L-S V L  rel a t ions h i p. between 
j u ve n i les and a d u l ts ( F ig . 2) . The corre l a t ion 
coeffi c i e n t s  ( X 1 = 0 . 49 _  2 d . f  . .  P>0 . 7 5 )  a n d  regress ion 

0· 1 0  

s l o pes ( F ,  7(, = 0 . 0 2 .  P>O. I 0 )  o r  e a c h  : 1gC-SC \ c;1 t cgnr\' 
cl i d  not  d il 'rcr J'rorn e a c h  n t h e r a nd J'ro 1 1 1  t he co 1 1 1  pm i l e .  
The pat t e rn  was t h e  s : 1  mc J'or e \'e  d i : t  meter  a n d  \\'e igh t .  
w h i c h  were no t p l o t t e d .  
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Fig.  2 Sca le  11· i d 1 h  - S \' L  rcl a l i < l 1 1 s l i i p  in . \ g:1 111 : 1  l i 1 : 1 rd'  
sholl' i n g  hcsl 1 · i  t I i  n c :  t o  :d  I p o i  11 t s  ( so l  i d  I i  nc· I : 1  n d  I o each of I he 
a gc-sn c lass<:s ( hrn � c n  l i n e ) .  
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S V L  Body wt .  Ova ry wt .  Oviduct  wt .  Ovum length  

( m m )  (g )  ( g )  ( g )  ( m m )  

Mean Mean Mea n Mean Mean 

± ± ± ± ± 
Breeding category R a nge S. E .  Ra nge S . E .  Ra nge S. E. R ange S. E. R ange S . E .  

Ovigerous 9 1  1 03 32 .4 38 .7  0. 1 5  0 . 20h 3 .4 1 7 .05" 1 6 .0  1 8.4" 

( 8 )  ± ± ± ± ± 
I I  I 2 44. I 1 . 3 0 .30 0 .02 1 0. 70 0 .92 24.0 13 

Adva nced 1 00 1 08 36 .2  4 5 . 4  3 . 20 4 .45" 0 .60 0 .86h  7 .0 8 .8h  

vi te l logcn i c  ± ± ± ± ± 
( 8 )  1 1 6 2 60.0 J . O  4 .80 0 .25  1 .00 0.05 1 0 .0 0.4 

Early 92 1 02 26 .  7 38 . 1  0 .80 1 . 2 1  h 0 . 20 0.44h 4.0 5 . 8 h,· 

v i t e l loge n i c  ± ± ± ± ± 
( 7 )  1 09 2 5 5 . 3  J . 9  1 .90 0 . 1 7  0 .90 0 .08 7 .5  0 .5  

Non-breed i ng 89 1 04 22 .6  3 7 .4 0 . 1 0  0 .2.\h  0 .0 1 0 .05 h 2 .0 2 .5'  

( 5 )  ± ± ± ± ± 
1 1 9 7 52.  7 5 . 9  0.40 0 .05 0 . 1 0  0 .02 J .5  0 .4 

TA B L E  3 :  Dime n s i o n s  �1 nd wei g h t s  or t he body and re prod uct ive parameters of female Aga ma l i za rds belonging t o  d i fferen t  
breed i n g  categories. N u m ber for each category is  s h o w n  i n  parent heses. 

Means a long col u m n s  w i t h  same s u pcrscr i p t ( s )  a rc not d i fferen t  ( P>0.05 ) .  

R EPRODt JCTI VE ST 1\TE /\ N D  S 1 z r  AT M 1\Tt JR ITY O F  
Agama agama 

We observed tha t  breed i n g  females const i t u ted 
82 per cent of females ca ught wh i le  males in breed ing 
condi t ion made u p  5 5  per cent  of males sampled. 
Breed i ng l izards belonging to both sexes were found 
dur ing  the  months  of s tudy ( Ap ri l- A ugus t ) .  

Female: 

There was no d i fference in t h e  SVLs ( F 1 1-1 = 0 . 8 5 .  
P>0. 1 0 ) and body weigh t s  ( F_, _ 14 = 1 . 25 .  P":>0. 1 0 )  o f  
non-breeding. early-vi te l logen ic .  late-v i te l logenic .  and 
ovigero u s  females who d i ffered s ign i fica n t l y  ( F-tests. 
P<0.00 l )  i n  weights of  the  ovary and ovi d u c t .  and s i ze 
of fol l i c les or ova (Table  3 ) .  A mong breed ing females 
w i t h  m ea n  SVL of 1 03 ± 2 ( S . E . )mm . n o n e  less t h a n  
9 1  m m  S V L  conta i ned v i te l loge n i c  fol l ic les o r  oviductal  
eggs. Advanced v i te l loge n ic fem ales had the greatest 
ovary weights w h i l e  oviducta l  weight was h i ghest i n  
ovigerous females whose ova were la rgest .  

M e a n  ova per ovigerous fem a l e  l i zards sa m pled was 
6 .  Three non-breeding females ( mean S V L  1 03 m m )  

w i t h  d i st ended ovid ucts h a d  mean O\' iducta l  and 
ovar ian weights o f  O.O l g  and 0 . 1 5g respect ively .  S ix  
eggs la id  by a grav id  female  l i za rd on  22 June  hatched 
on  18 and 19 Augus t .  1 987.  The s n o u t-ven t  lengths of 
t he ha tch l i ngs a t  emergence ranged bet ween 37-39mm 
( Mean 38 ± 3 m m ). 

Male: 

M a les i n  breed ing  condi t ion d i ffered from t h e  non­
breed ing  i n  SVL (t  = 4. 1 5 . d.f.3 7 .  P<0.00 1 ) . body 
weight ( t = 5.69. d . f. 3 7 .  P<0.00 1 ) . a nd ep id idvmis :  
t estes weight  rat io ( t  = 6.96. d.f. 3 7 .  P<0 .00 I ) . They had 
cons i s ten t ly  h igher va lues of  t hese var iables t h a n  the  
non-breeding ma les (Table  4) .  The sma l lest  male  in  
breed i n g  condi t i o n  had a snout-ven t  length  of 1 25 m m  
and 3 o ther  males had S V L s  grea t e r  than  1 25 m m  but  
l ower than 1 30 m m .  Four  non-breeding m a les w i th  
a t roph ied testes a n d  ep id idymis  had  SVLs ranging 
between 1 3 1 m m and 1 4 2 m m  ( Mean  1 36 ± 2 m m )  and 
ETR a n d  testes weigh t s  averag ing  0 .08 ± 0 .02 and 
0 .25 ± O.OSg respect ively .  

S V L  Bodv w t .  Test is  wt . Ep id idvmis  wt . ETR 
( m m )  (g)  (g)  (g)  

Mean Mean Mean Mea n M e a n  
± ± ± ± ± 

B reed i n g  categorv R a nge S . E . Ra nge S . E .  Ra nge S E. Range S . E .  Ra nge S . E .  

B reedi n g  1 25 1 33 64. 2  8 1 .  5 0 . 30 0.56 0. 1 0  0 . 1 2  0 .25  0 .22  
( 22 )  ± ± ± ± ± 

1 48 1 07 . 8  2 . 6  0.90 0 .04 0 . 20 tJO I 0 .33  0 . 0 1  

Non-breed i ng 84 1 1 7 1 9 .6  5 3 . 6  0 . 1 0  0 .25  0 .0 1 0 .02  0 .03  0 .08 
( 1 8 ) ± ± ± ± ± 

1 42 4 75 .0 4 .4  0 . 50 O 03 0.05 0 .0 1 0 .25  0 .02  

TA B L E  4: D i m e n s i o n  a n d  weigh t s  o f  t h e  bodv a n d  repro d u c t i ve parame ters o f  breed i n g  a n d  n on-breedi n g  male  Aga m a  l izards.  
N u m b e r  fo r each cat egorv is shown i n  pare n t heses. 
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D ISCUS S I O N  

T h e  snou t-ven t  l e n g t h  has u t i l i t y  as a n  a g e  predic tor  
in  A gama agama because i t  d i ffered wel l  between 
i m ma t u re and adu l t s .  H owever. t he T L : S V L  and  
H L L: S V L  d is t r ibut ions are  poor i ndicators of  age o r  
age-class because t here was considerable overlap 
between the t a i l s  of the  i nd iv idua l  d i s t r ibu t ions of 
i m ma t ure.  adult  male and adult females. 

On the basis of  SVL only .  juven iles can be easi ly 
separated from sexual ly-ma t u re l izards o n  the fi eld 
s ince t hese are ind iv iduals  with S V Ls o f 7 5 m m  or less .  
A d u l t  ma les with s izes grea ter t h a n  l 25mm SVL can be 
d i fferen t iated from females whose m a x i m u m  recorded 
d i mens ion in Ago-I woye was l 1 9 m m  S V L .  a greater 
length than the l 1 6mm SVL for females in  I badan 
( H arr is .  1 964) .  Ma les and  females wi th in  t he 84-
l 20m m SVL range can be part ia l ly  separated on  the  
bas i s  o f  body  weight si nce no female heavier than  60g 
was sam pled. ne i ther  has any been reported in ear l ier  
s tud ies .  Chapman and Chapman ( 1 964) used most ly  
weight  as  cr i ter ion of  s ize i n  their  s tudy a l t h ough body 
weights a lone may not be rel iable for t h i s  pu rpose 
beca use they are a ffected by the condi t i o n  of  the  
an ima l .  F ina l l y .  presence of  ana l  pads i n  the vent 
region of  males ( Harr is .  1 963 )  can be employed in  
iden t i fy i ng the  sexes where there i s  over lap i n  s i ze  or  
weigh t o f  the  a n i mals .  

Over lap in  t h e  t a i l  lengths of  i m m a t u re and adul t  
l i zards m ight be due to  the  d i fferent ia l  growt h rate  of  
each age-sex t a i l .  Chapman and Chapman ( 1 964: 1 22 )  
observed t h a t  t h e  rate of  increase in  ta i l  l ength was less 
in old females compared to  males so that female  ta i l s  
were shor1er. Overlap i n  ta i l  length between older 
j uveni les and s u b-adu l t  fema les might  t h us occur .  
S i m i l a r  over laps occurred for eye weight  and scale  
lengt h t h e  im pl icat ion of which is tha t  t hese variables 
cannot  be ·used in isolat ion  to separate l i zard 
age-classes.  

The tests  of  devia t ion  of  observat ions from 
a l lomet ry and  of homogenei ty  of a l lomet ry constan t s  
ind icated the occu rrence of  an a l lometric growt h 
rela t i onship between the  dependent variables and 
S V L  of A rranw l izards.  The ontogenet ic changes in  the  
d imens io�s of  t h e  eve. ta i l  and hind l i m b  i n  r;la t ion to  
the  S V L  ind icate  t h� t t here was decrease i n  the s izes of  
t hese. rela t i ve to  the  la t ter. These s t ru c t u res grew a t  a 
s lower rat e  a l t hough.  t hey d id not cease growth 
because the ir  absolute d i mensions were greater  in  
o lder  a n d  laroer-sized l i zards than  in vou n ger .  sma l l er­
s i zed o nes.

� 
A nega t ive coefficie� t of al lometry  

i n d icates tha t  t h e  orga n  or  s t ructu re show i n g  i t  grows 
smal ler  as the d i mension of  the other s t ructure i t  i s  
be ing compared wi th  increases ( S i m pson cl al. , 1 960: 
404). I t  is h ighly  u n l i ke ly  t h a t  t h e  h ind  l i m bs of  adu l t s  
decreased as t h e i r  SVLs increased. rat her.  the h ind  
l i mbs  probably ceased growing a l t ogether  on .  or a fter  
a d u l t hood was a t ta i ned.  This  read i ly  exp la ins  the  
pos i t ive  a l lometry cons tan ts  for  i m m a t u re l izards and  
a l l  t h e  l izards sampled s ince .  the  i m m a t u re phase 
represen ts the period of  most  act ive hind l i m b  growth .  
The scale  l ength .  eye  we ight  and  overa l l  body weight 
i ncreased a t  a fas ter  rate than the  SVL.  

The  composite regression equat ions for the growth 
rela t ionsh ips of  A ga111a aga111a considered can be used 
to fit all l i za rds because t he correla t ion and regression 
coeffic ients  of  the indiv idual  age-sexes were 
homogeneous.  

Compared to  the i ncubation period of 58 days for 
eggs in t h is  s t u dy,  eggs brooded in the  laboratory by 
H a rr i s  ( 1 964) whose oviposi t ion  da tes were u n known, 
hatched before 32  days .  The s izes of  the hatch l ings at  
emergence were.  however, s i m ilar in  both cases. 
G rowth  t rajec tories based on  data  from t hese two 
s tudies shows t hat females of  s ize 90mm SVL a re about  
14  m o n t hs o ld w h i le males at  1 25 m m  SVL are aged 
ci rca 22 months .  

The lack  of  d ispar i ty  i n  body weights of the  breed ing 
and non-breed ing females suggests  compensatory 
weight loss by breeding females a imed probably a t  
reducing t h e  risk i nvolved in  carrying a weight heavier 
than the normal for the populat i o n .  The values of  some 
reproduct ive parameters for females i n  Ago-I woye is  
i n  consonance wi th  t hose for female  Agama agama i n  
G hana ( Chapman and Chapman,  1 964) .  I n  both 
i nsta nces, females w i t h  m a x i m u m  ovary weight  of 4 .0g 
and oocyte  d i mension of  I 2mm were adva nced 
v i te l loge n ic; t hose with ovary weight c irca 0 . 1 6g were 
ovigerou s ;  wh i le a n  ovary weigh t of O .Sg  or less was 
characteris t ic of  non-breeding females . As  evide n t  
from t h is s tudy .  females tha t  have recent ly  ovi posi ted 
have;  ovary weigh t s  s imi lar  t o  ovigerous ones,  no  
oviducta l  eggs, oocytes wi th  same d imens ions  as non­
breed i n g  mem bers and  oviducts. more dis tended than 
t hose o f  v i te l logenic and n o n-breed ing female 
Agama agama. These cr i ter ia  are u sefu l i n  del ineat ing 
breedi ng categories of  female l izards.  

L izard tes t icu lar  cond i t ion and weigh t vary wi th  
spermatogenic ac t iv i ty  ( Licht  c l  al. , 1 969) .  O ccurrence 
of spermatozoa i n  the  t es t icu lar  l u m i na, hypertrophy 
of  the ep id idymis .  and subseq uent  spermia t ion are 
i ndicat ive  of  reproduct ive readi ness. The epid idymis :  
testes weight rat io and  tes t icu lar  weight  a re. t herefore, 
good i n d icators of breed ing condi t ion of male  l izards.  
We separated male A gama agama into breed ing 
categories on  t hese bas i s .  The occurrence of  males in  
breed i n g  cond i t i o n  i n  a l l  our  month ly  samples in  t h e  
southern  N iger ian R a i n  Forest where.  t he l i zard has 
been observed to breed a l l  the year round ( H arris .  
1 964, Ek undayo and  O t usanya, 1 969). probably a t tests 
to the acycl ic  n a t u re of breed i n g  reported for t he 
species (T ink le ,  1 969 , T ink le  cl al. , 1 970) .  

A C K N O W L E D G E M E NTS 

We t h a n k  an a n o nymous refe ree for rev iewing a n  
ear l ier  m a nuscr ipt  and  for t h e  s uggest io n s  offered. 
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I D ENTI FI CAT I O N  O F  I N D I V I D UA L  A D D E R S  ( V!PERA BERUS) BY T H E I R  
H E A D  MA R K I N G S  

S Y l . Y I A  S H E L DON A N D  C l l R JSTOPJ I F R  B R ,\ D L E Y  

A'110 1 i1cs Mi!!. Do,, ./cs Bronk. Rc1ul/c 1 · .  l l 'nrrcsrcrshirc /) ) '/} }/..'<. C.A'. 

(Acccprcd / ./. / /. 88) 

A BSTR ACT 

D ur i n g  a study of adders ( Vipcra bcrus) i n  Wyre Fores t ,  a systemat ic  method was developed to ident i fy 
ind iv idua l s  i n  the  fie ld .  I t  was revea led that  no two adders possessed ident ica l  head mark i ngs .  I t  was shown that a 
photogra ph ic  record was a re l i ab le  a id  to i d e n t i fica t ion .  Furthermore i t  was observed that  over the period o f studv  
adders reta i ned the i r  i nd ividual  head m a r k ings.  

I NTRODUCTION 

T h i s  paper  or ig inates from a s tudy  o f  the  adder.  
( Vipera bcrus). in Wvre Fores t .  Worcester.  U . K  . . which 
bega n i n  1 98 1  and i s  now i n  i t s  8th  year. D u ri ng the 
ear ly stages of th i s  work the  great d ivers i ty  of  head 
m a r k i ngs found on the adder became a pparen t .  I n  
a t tempt ing  t o  fo l low the movements and specific 
seasonal  behaviour of  a s izeable populat ion of adders.  
i t  was preferable if  a s imple  m ethod of ident i fy ing  
adders i n  the fie ld  was  ava i lab le ,  wh ich  a l lowed for 
pos i t i ve ident i ficat ion of i ndiv iduals  w i thout  the 
associa ted problems of handl ing and d i s turbance.  

STU DY A R E A  

T h e  s tudy a rea was centred u ron a p lantat ion  o f  
Japanese L a rch ( Larix kacmp/'cri).  i n  wh ich  a n u mber 
of  old coppice stools remai ned fro m  a pre\ ious stand 
of sess i l e  oak  ( Qucrcus 11c1raca ) that  occu pied the s i te  
pr ior  to 1 970. 

M ET H O D  

Dur ing  the  act ive period regu lar  v is i t s  were made to 
the  m a i n  study area .  Notes were t a k en record i n g  t ime .  
weather  condit ions.  a mbient  and ground tem peratures . 


