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We hypothesized that the presence of the forked hemipenes, and associated musculature, at the 
base of the tai!in male lizards should constrain the capacity to autotomize the ta i!. Thus, this 
hypothesis predicts that the non-autotomous base of the tai! should be longer in male than in 
female lizards.We tested this hypothesis in four species oflacertid lizards. Males have on average 
one to two non-autotomous vertebrae more than females, and the sexual dilference in length of 
the non-autotomous tai! base remains constant over the entire body size range. In addition, the 
first functional autotomy plane in males is usua Uy located on, or is distal to, the vertebrae from 
which two hemipenial muscles take origin. These observations support the view that functional 
demands of the male intromittent organs impose constraints on the abilities of tail autotomy. In 
a natura!population of i.Acerta vivipara, the proportion of tai! breaks that occurred at very short 
distances from the base was highest in females, indicating that the small sexual dilference in 

,. length of the non-auto tomous tai! part is of functional significanee. Total length of the tai! was 
largest in males. This can be interpreted as a compensation for the decline in autotomy capacities 
at the tai!base, such that the lcngth of the autotomous part remains similar in both sexcs. 

 
 

Contents 
 
 

Introduction 
Materials and methods 
Results 
Discussion . . 
References .. 

Page 
84 
85 
86 
90 
92 

 
 



 
 

Introduction 

Tai) autotomy is an important component of the anti-predator tactics of many lizard species 
(reviews in Arnold, 1984, 1988; Bellairs & Bryant, 1985) and has an obvious short-term benefit: 
increased survival through escaping from a potentially fata) predatory encounter. However, 
because a lizard tai! may serve functions unrelated to predator escape, tai! loss has associated 
costs (e.g. decreased sprinting speed, reduction of fat reserves; reviews in Arnold, 1984, 1988). 
Although tail autotomy is widespread in lizards and probably a primitive feature (Etheridge, 
1967), variation is evident in the facility of tai! loss and in the number and location of breakage 
points (Arnold, 1984). This variation is present among species and ontogenetically within some 
species, and is considered to be induced by differences in the balance between the benefits and 
ecological costs of tai!autotomy (Vitt, Congdon & Dickson , 1977; Arnold , 1984). 

In addition to ecological costs, the presence of morphological structures in the tai! may conflict 
with, and constrain, the capacity of tai! autotomy. For example, some components of the pelvic 
musculature extend to the base of the tai!, where they are supported by a series of vertebrae that 
lack a plane of fracture and are hence non-autotomous (Et.heridge, 1967). Russell & Bauer ( 1992) 
documented an interspecific relationship between the length of a thigh muscle, the m. caudifemoralis 
longus, and the extent of the non-autotomous segment at the base of the tai!: species with a 
large caudifemoralis muscle typically exhibit a long non-autotomous tai! segment, whereas 
lizards with a small muscle possess only a short series of non-autotomous vertebrae near the base 
of the tai!. 

Other organs that are situated at the base of the tai! are expected to exert similar constraints on 
the location and number of vertebrae that Jack  a fracture plane. In all lizard species the 
hemipenes and associated retractor muscles are housed at the base of the tai!. Breakage of the 
tail at or near the position of the hemipenes probably results in severe damage to the intromittent 
organs, such that the benefits of autotomy, in terms of future reproductive success, would be 
nullified . We therefore expect that natura! selection has resulted in a compromise between 
the ability to autotomize the largest possible fraction of the tai! and the constraints imposed by 
the presence of the hemipenes. The outcome of this compromise is expected to differ between the 
sexes, because female lizards have no reproductive organs situated at the base of the tai!. Thus we 
hypothesize that the non-autotomous basal region of the tail is composed of more vertebrae, and 
is therefore Jonger, in males than in conspecific females. At equal total tai) lengths, such a 
difference would induce sexual variation in the length of the tai! portion that can be broken, and 
which is probably of prime functional importance in determining escape abilities by tai! shedding 
(Vitt & Cooper, 1986; Arnold, 1988). This might be counteracted by an increase of total tai! 
length in males, such that the length of the autotomous part of the tai! remains similar in both 
sexes. Thus, a corollary hypothesis is that, at a given body length, total tai! length would be larger 
in males than in females. 

We here report results of a study that tests these hypotheses in four species of lacertid lizards 
(Lacerta (Zootoca) vivipara, L. ( Archaeolacerta ) montico/a, Podarcis  hispanica and Psammodro- 
mus algirus). These species were chosen to represent different clades within the Lacertidae and the 
different  patterns   of  tai!  vertebra   morphology   distinguished   by  Arnold   (1973)  in  this  lizard 
family. Our objectives were: (1) to examine the extent of sexual dimorphism, and its ontogenetic 
changes, in the number of non-autotomous vertebrae and the length of the non-autotomous 
portion of the tai!; (2) to verify the association between the location of the first vertebra with a 
functional autotomy plane and the origin of hemipenial and tai! muscles; (3) to examine sexual 



dimorphism, and its ontogenetic trajectory, in total tai! length; and (4) to explore the extent to 
which morphological constraints affect the patterns of tai! shedding in a natura! population. 

 
 

Materials and methods 

We obtained dry skeletons of adult and subadult male and female L. vivipara, L. monticola, P.hispanica 
and Ps. algirus from the collections of the Biology Department, Autonomous University of Madrid. These 
lizards had been collected at different localities in Spain. We examined cauda! vertebrae at the base of the tai! 
and distinguished among the following types: (l) vertebrae that Jack a transverse fracture plane; (2) 
vertebrae with an incomplete septum; and (3) vertebrae with a complete fracture plane. For each individual 
lizard we recorded the positions of the first vertebra with an incomplete septurn and of the first bone with a 
complete fracture plane. 

Dry skeletons, especially those of immature lizards, are inadequate for obtaining linear measurements of 
portions of the tai!. We therefore also examined smaller samples of lizards that were cleared and whose  
skeletons were stained , using methods described in Taylor (1967) and Zug & Crombie ( 1970). For each 
species and sex, we collected lizards of different age classes, attempting to cover the entire range of body size. 
We recorded sex and snout-vent length (SVL; to the nearest 0·05 mm) of each lizard upon capture. Cleared 
specimens were examined under a binocu lar dissecting microscope with an ocular micrometer, and we 
measured (to the nearest 0·01 mm): (1) the length of the non-autotomous part at the base of the tai! (from the 
anterior end of the prezygapophyses of the first cauda! vertebra to the first complete fracture plane), and (2) 
the combined length of the 2 sacral \ertebrae (from the anterior end of the prezygapophyses of the first sacral 
vertebra to the posterior end of the postzyga pophyses of the second sacral vertebra). We used analysis of 
covariance (ANCOVA) to examine differences between the sexes in the relations between length of the non- 
autotomous part of the tai! and SVL or length of the sacral region (all variables were /og-transformed). The 
adjusted means, which account for sexual differences in the independent variable, were backtransformed to 
obtain directly interpretable estimates of dimorphism in the length of the non-autotom ous tai! part. 

Inspection of cleared specimens also allowed specification of the position of the cloaca! opening and parts 
of the pelvic skeleton in relation to the cauda! vertebrae. 

To examine the position of some hemipenial and thigh muscles in relation to tai! vertebrae, we dissected 
the base of the tai! in an additional sample of preserved lizard s. To facilitate observations, muscles were 
stained with iodine. We recorded the most distal vertebra from which the m. transversus penis, m. retractor 
penis magnus, and m. caudifemoralis /ongus take origin. 

Information on the position of the point of tai! fracture for naturally occurring tai! breaks \\ as obtained 
from a population of L. vivipara. Data were gathered while conducting a mark-recapture study during 
August 1977-May 1981 at Kalmthout (51°25'N, 4°25'E, prov. of Antwerp, Belgium). Lizards were captured 
by hand, marked individually by toe-clipping and released after noting identity, sex, SVL, and length of 
original and regenerated portions of the tai! (see detailed descriptions in Bauwens & Thoen, 1981; Bauwens 
& Verheyen, 1987). Examination of the recapture history of individual adult lizards provided information 
on 94 fresh tai!breaks, i.e. those detected before any appreciable tai!regeneration had occurred. For each 
fresh tai!break we recorded the length of the remaining po r tion of the original tai! (from cloaca!opening to 
point of autotomy). 

Data on lengths of uninjured tails for complete ontogenetic series of animals were available only for 
L. vivipara and P. hispanica. Data for L. vivipara were collected during the population study mentioned 
above. To avoid pseudoreplication (Hurlbert, 1984) we only retained measurements of SVL and intact tai! 
length at the first capture of each individual lizard . Records for P. hispanica were of adult lizards caught at 
Salamanca (40°50'N, 5°40'W, prov. Salamanca, Spain) and their lab-born progeny , which were measured at 
biweekl y intervals until the age of 4 months. We selected the first measuremen t of each adult lizard, and that 
taken on a randomly chosen date for each young bom in the lab. Differences between the sexes in the 
relation of uninjured tai! length to SVL (log-log transformed data) were assessed by analysis of covariance. 



 
 
 
 

Results 

Our observations  on the morphology  of cauda! vertebrae  are in genera! agreement with 
previous descriptions that distinguish between the most proximal vertebrae that Jack a fracture 
plane, and subsequent vertebrae that are autotomous (Pratt, 1946; Etheridge, 1967; Hoffstetter & 
Gasc, 1969; Arnold, 1973). Within an individual lizard, the morphology of the cauda! bones 
exhibits serial changes from the base to the tip of the tai! (Fig. 1). The most proximal vertebrae 
Jack a plane of fracture, whereas all subsequent vertebrae have a transverse septum. However, in 
most individuals examined, the first 1-3 vertebrae of the second series exhibit an incomplete 
autotomous septum (Fig. 1; Table 1). These incomplete septa are most often restricted to the 
region proximal to the transverse processes, or extend to the centre of the vertebra, but never 
affect the dorsal part of the vertebra. Vertebrae with incomplete fracture planes are functionally 
non-autotomous , and can be considered as transitional between the preceding vertebrae without 
a fracture plane and the subsequent series of bones with a complete autotomy septum. The 
vertebrae without a fracture plane, together with those exhibiting an incomplete septum 
constitute the part of the tai!base that is functionally non-autotomous. 

 
(a) (b) (c} (d) 

 

 

 

 

 
 

1mm 
F10 . 1. Sacral vertebrae and anterior series of cauda! vertebrae in (a) L. vivipara, (b) L. montico/a, (c) P. hispanica and 

(d) Ps. a/girus. Indicated are the positions of the first vertebrae with incomplete ("•-o) and complete (-4) fracture planes. 



 
 
 

TA BLE I 
Summary statistics fo r the positions ( vertebra number) of the cauda! vertebrae bearing thefirst incomplete and complete 
fra ctureplanes, andfrom which the m. transversus penis, m. retractor penis magnus.and m. caudifemoralis longus take origi11, 
in ma/es andfemales of species of lacertid lizards. Significance of sexual diflerences as obtained by M ann-Whitney U-tests 

Males Females 
Diff. 

x ±S.E. median min.-max. N x ±S.E. median min.-max. N means 

Incomplete  fracture plane 
 

L. vivipara 4·5 ±0·2 5·0 3-5 16 3·9± 0·1 4·0 3-5 14 "0·01 
L. mo11ticola 5-6 ±0·1 6·0 4-6 30 4·7±0·1 5·0 3-6 25 : o·OOl 
Ps. algirus 5·7±0·1 6·0 5-7 21  5·2±0·1 5·0 4-6 19 ·o·Ol 
P. hispanica 6·0 ± 0·1 6·0 5-7 23 5·3± 0·1 5·0 4-6 19 0-001 
Complete fracture plane 
L. vivipara 7·1 ±0·1 7·0 6-8 16 5·2±0·1 5·0 5-6 14 0·001 
L. monticola 6·9 ±0·1 7·0 6-8 30 5·8 ±0·1 6·0 5-6 25 :0-001 
Ps. algirus 6·7 ±0·1 7·0 6-8 21 6·2± 0· 1 6-0 6-7 19 ·0-005 
P. hispanica 7·0 ±0·1 7·0 6-8 23 6·2 ± 0·1 6·0 5-7 19 :0-001 
M . transversus penis 
L. vivipara 6·0 ±0·0 

 
6·0 

 
6-6 

 
3 

     
L. monticola 6·0 ± 0·0 6·0 6-6 6      
Ps. algirus 6·0 ±0·0 6-0 6-6 6      
P. hispanica 6·2±0·2 6·0 6-7 5      
M. retractor penis mag11us 
L. vivipara 7·0±0·0 
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L. monticola 7·0 ±0·3 7·0 7-8 6      Ps. a/girus 7·0 ± 0·0 7·0 7-7 6      
P. hispanica 7-2 ±0·2 7·0 7-8 5      
M . caudifemoralis longus 
L. vivipara 9·7 ±0·3 
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3 

 
6·5 ± 0·5 

 
6·5 

 
6-7 

 
2 

 
= 0·08 

L. monticola 10·0 ±0·0 10·0 10-10 6 8·0 ± 0·0 8·0 8-8 6 •:0·001 
Ps. a/g irus 10·5 ±0·2 10·5 10-11 6 10·0 ± 0·2 10·5 10-11 6 - 0·50 
P. hispanica 11·0±0·4 11·0 10-12 5 8-4 ± 0·2 8·0 8-9 5 < 0·01 

 
Examination of cleared specimens provided evidence that the cloaca!opening is Jocated near 

the second or third cauda! vertebra; no evidence was found for interspecific or sexual differences. 
In many specimens, the posterior end of the hypoischium (a cartilaginous part of the pelvic 
skeleton that points in the cauda! direction from the junction between the left and right ischia) 
extends to the position of the first or second cauda! vertebra. 

The position of the first vertebra with an incomplete septum was closer to the base of the tail in 
L. vivipara than in the other species (Table I). In all four species, males had more vertebrae 
without fracture planes than females, although differences were small (Table I). Sexual 
dimorphism  was most pronounced  for the position  of the first autotomous vertebra, although 
it was limited to a maxima! average difference of two bones (Table I). The sexual difference was 
smallest in Ps. algirus, where positions observed in both sexes overlap completely, and largest in 
L. vivipara. Among-species variation in the position of the first autotomous vertebra was larger in 
females than in males (Table I; Kruskal-Wallis ANOVA: females: x2 = 33·07, P <0·001; males: 
x2 = 7·19, P = 0·066). Hence, interspecific differen ces in the extent of sexual dimorphism were 
mainly induced by variation among the females. 

Positions of the bones from which the hemipenial muscles take origin were remarkably 
constant, both within and among species (Table 1). The m. transversus penis most often originates 



TABLE II 

Parameter estimates of relations between length of the non-autotomous basa/ tai! segment ( LNAB) and snout-vent length 
( SVL) and length of the sacral region ( LSR). and of relations between total tai! length ( TTL) and snotll-vent length inma/es 
andfemales of species of lacertid lizards. Shown are estimates/or slopes ( b). intercepts (log a). and correlation coefficients 
( r) of least square regressions on log-log transformed data, and estimates of adjusted means ( backtransformed values. in 

mm) and probability  of sexual differences in slopes ( b) and intercepts ( log a) as assessed by ANCOVA 
 

 

 
Adj. 

  ANCOVA   
 

  
 
 

from the sixth caudal vertebra, i.e. the most distal vertebra that is functionally non-autotomous. 
The m. retractor penis magnus generally originates on the transverse processes of the seventh 
caudal vertebra, which is often the proximalmost caudal vertebra with a complete frácture plane. 
The distal extent of the m. caudifemoralis longus was Jonger in males than in females, except in 
Ps. algirus (Table 1). In both sexes of all four species, this muscle clearly originated from the 
autotomous portion of the tail: it often spanned three or four vertebrae that possess a fracture 
plane. Interspecific differences in the position of the origin point of this muscle were more evident 
in females than in males (Table I; Kruskal-Wallis ANOVA: females: x2 = 14·37, P = 0·001; 
males: x2 = 7·89, P = 0·049). 

The relations between the length of the non-autotomous part at the base of the tail and SVL 
differed between the sexes in adjusted means (or intercepts), but not in regression slopes (Table 
II). This indicates that the non-autotomous part is larger in males than in females, and that the 
difference remains constant over the entire body size range (Table II; Fig. 2). To avoid artefacts 
possibly induced by the slight dimorphism in SVL for some of the species studied (females attain 
larger SVL in L. vivipara and L. monticola, males attain larger SVL in P. hispanica), we repeated 
the analyses using length of the sacral region as the independent variable. The results (Table II) 
corroborated our former conclusions. 

 b ± S.E. log a ± S.E.  N mean b log a 

LNAB-SVL         
L. vivipara males 1·330±0·135 -1·252± 0·223 0·971 8 9·25   

 females 1·110± O·129 -1·108± 0·217 0·962 8 5·55 ;.0·20 - 0·001 
L. monticola males 1·260±0·181 -l ·194± 0·318 0·919 11 10·14   

 females l ·083±0·127 -1·050± 0·222 0·961 8 6-89 . 0·40 < 0·001 
Ps. algirus males l ·123±0·090 -0·958 ± 0·159 0·978 9 10·23   

 females 1·309 ±0·122 -1·331±0·213 0·975 8 9·16 ::... 0-20 '0·02 
P. hispanica males l ·526±0·133 -1·612± 0·224 0·961 13 8-43   

 females l ·657 ± O·390 -1·924 ± 0·641 0·849 9 6·73 ·,0·60 ...:0·001 
LNAB-LSR         
L. vivipara males 1·139 ±0·085 0·550 ± 0·032 0·984 8 8·97   

 females l ·102 ±0·093 0·367 ± 0·035 0·979 8 5·7 1 > 0·70 < 0·001 
L. monticola males 1·126±0·102 0·494 ± 0·049 0·965 11 9·51   

 females 1·084±0·160 0-400 ± 0·068 0·940 8 7·35 > 0·80 < 0·001 
Ps. algirus males 1·077±0·055 O·559 ± 0·025 0·991 9 10·23   

 females 1·203±0·104 0-457 ± 0·044 0·978 8 9·16 "> 0·20 < 0·005 
P. hispanica males l ·361 ±0·104 0·490 ± 0·038 0·969 13 8·02   

 females 1·239±0·251 0-470 ± 0·070 0·881 9 7·08 > 0·60 < 0·05 
TTL-SVL         
L. vivipara males 1-414±0·015 -0·477 ± 0·022 0·989 212 43·65   

 females 1·379 ±0·017 -0-468 ± 0·025 0·986 197 39·36 :-. O·lO < 0·001 
P. hispanica males 1·110±0·042 0·085 ± 0·066 0·978 33 65-46   

 females 1·048 ±0·057 0· 159 ± 0·088 0·963 29 61·94 > 0·30 < 0·001 
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F1G . 2. Relations between length of the non-autotomous basal tai! segment and snout-vent length in male and female 
L. monticola. Regression equations are in Table II. 

 
 

Relations between total Jength of the intact tai! and SVL differed between males and females in 
both L. vivipara and P. hispanica (Table II). In both species, the regression relations had similar 
slopes, but exhibited higher adjusted means in the males. Thus males of all body sizes have longer 
tails than similarly-sized females. 

In a natura! population of L. vivipara, a majority of the tai! breaks in both males (55%) and 
females (67%) occurred within 20 mm of the base of the tai! (Fig. 3). This distance corresponds to 
< 25% of the length of the intact tai! (as estimated from the relation between tai! length and 
SVL). We used SVL of lizards with fresh tai! breaks and regression relations in Table II to 
estimate the length of the non-autotomous tai! portion. Average values are lO·O mm for males 
(mean SVL = 49·2 mm) and 6·3 mm for females (mean SVL = 52·2 mm); these distances 
correspond to 12% of the intact tai! length in males, and 8% in females. Hence, if the 
dimorphism in length of the non-autotomous part induces variation in the position of  tai! 
fracture, this should be evident through a sexual difference in the number of breaks occurring at 
< 10mm from the base (as the cloaca! opening is situated posterior to the first cauda! vertebra, 
the actual distance should be slightly shorter). As expected, females outnumber males in the 
category grouping the smallest tail portion (5-10mm) (x2 = 6·792, 1 df  , P < 0·01; Fig. 3). About 
26% of female tai! breaks, but only 5% of those in males were assigned to this class. No sexual 
differences were detected in the other classes (x2 -tests, P > O· l 0) and the overall distributions do 
not differ between the sexes (Kolmogorov -Smirnov two sample test, z = l ·138, P > 0·10; Fig. 3). 
It is worth pointing out that a considerable proportion of the tai! breaks in both males (33%) and 
females (31%) occurred at < 5 mm from the estimated position of the first fracture plane 
(estimated from the relation between length of the non-autotomous tai! part and SVL; see Table 
II). Thus, about one-third of the breaks involved autotomizing most, if not all, of the tai! portion 
that can be broken . It is not unlikely that the m. caudifemoralis longus was damaged in at least a 
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FIG. 3. Distributions of the length of the unbroken portion of the original tai! (from base of tail to point of autotomy) 
following naturally occurring tai!breaks in adult male and female L. vivipara. 

 
 

fraction of these tai! breaks, as the origin of this muscle is located three to four vertebrae more 
distant from the first autotomous bone (Table I). 

 

Discussion 

Our results support the hypothesis that the presence of the forked hemipenes, and associated 
musculature, at the base of the tai! constrains the capacity of tai! autotomy in male lizards. 
Indirect evidence is provided by the observation that males of four species of Jacertid lizards 
possess a higher number of vertebrae that lack complete fracture planes. They therefore exhibit a 
Jonger non-autotomous basal tai! portion than conspecific females. More direct evidence comes 
from the observation that the first functional autotomy plane in males is located on, or is distal 
to, the vertebrae from which two important hemipenial muscles take origin. 

As an alternative mechanistic hypothesis, it could be suggested that the observed sexual 
difference in Jength of the non-autotomous basal portion of the tai! is attributable to a parallel 
difference in the Jength of other parts of the tai! base musculature. A likely candidate would be 
the m. caudifemoralis longus (Russell & Bauer, 1992). Our results, however, falsify this 
hypothesis. Although this muscle originated more distant from the tai! base in males than in 
females, its point of origin did not coincide with the location of the first autotomy plane. In 
contrast, this muscle encompassed three or four vertebrae with a functional autotomy plane, 
corroborating similar observations for two other species of Lacertidae (Russell & Bauer, 1992). 
Nevertheless , the observed sexual difference in position of the caudifemoralis muscle is intriguing 
and its functional significance deserves further evaluation. 

The four species that we studied belong to distinct clades within the Lacertidae (Arnold , 1973, 
1989), suggesting that the observed dimorphism in autotomy capacities is widespread within this 
Jizard family. Indeed, Arnold (1973: 304) commented that males have more non-autotomous 
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vertebrae  than  females  in  all  the  c. 60 lacertid  species  that  he  examined,  but  provided  no 
quantitative information. Given that the hemipenes are found at the tai! base in all lizard 
species, we postulate ubiquitous sexual differences in the number of non-autotomous vertebrae. 
We are unaware of published information that allows examination of this suggestion. 

The sexual difference in length of the non-autotomous tai! base, albeit small, seems to be of 
functional significance.  For the majority  of tai1 breaks  occurring in a natura! population  of 
L. vivipara, and which were presumably predator-induced , the fracture point was located in the 
basal quarter portion of the tai!. Simi lar findings were reported for three species of scincid lizards 
(Vitt & Cooper, 1986). These observations indicate that the ability to autotomize the anterior 
part of the tai! is important for escaping predatory assaults by tai!shedding. In addition, more 
females autotomized their tai! at very short distances of the base, refiecting the sexual 
dimorphism in Iength of the non-autotomous tail part. Tai! breakage  in  lacertids  usually 
occurs just in front of the point where the tai! is grasped (Sheppard & Bellairs, 1972). Hence, 
our results indicate that an important fraction (about 25%) of the predatory attacks that lead to 
tai! autotomy are directed towards the most proximal part of the females' tai!. The overall 
similarity in the positions of tai! breakage suggests that the locations of predatory strikes are 
comparable in both sexes. If true, we deduce that a fraction of the males are grasped at the non- 
autotomous basal part of the tai!, and are hence unable to ftee by the employment of tai! 
shedding. We tentatively conclude that morphological restrictions effectively reduce the males' 
capacities, relative to those of females, to escape with the aid of autotomy. 

Combination of our morphological observations and data on the localization of tai! breakage 
points in a natura! population , suggests that the proximalmost instances of autotomy cause 
damage to the caudifemoralis muscle. As this is a non-segmental muscle, tearing is likely to result 
in a disruption of its functioning, i.e. retraction of the thigh during locomotion (Russell & Bauer, 
1992). Thus, the decrease of sprinting speed induced by tai! autotomy in many lizards (review in 
Arnold, 1988), and which is often attributed to the role of the tai! as a counterbalance, might also 
result from damage to parts of the thigh muscles. 

The extent of sexual dimorphism in the number of non-autotomous vertebrae varied among 
species from an average of less than one in Ps. a/girus to two vertebrae in L. vivipara. Two lines of 
evidence indicate that this interspecific variation in sexual dimorphism cannot be attributed to 
differences in length of the hemipenes. First, among-species variation in the number of non- 
autotomous vertebrae was much lower in males than in females.  Secondly, the position of 
insertion of the hemipenial muscles was notably constant among species. Instead , the interspecific 
difference in the females' position of the first autotomous vertebra was associated with a parallel 
variation in the point of origin of the caudifemoralis muscle. We can, at present , only speculate 
about the possible functional significance of this association. 

Although the reproductive organs of females are not situated at the base of their tai!, it is 
composed of a short series of vertebrae that are non-autotomou s. However, the high frequency of 
autotomy near the tail base, at least in one of the species studied, suggests that the ability to 
autotornize the largest possible fraction of the tai! is important for escaping predation. One might 
therefore ask why females have not developed the capacity to break their tail over its entire 
length. Although out study did not directly address this issue, we can offer some suggestions. 
First, morphological structures situated at the tai! base, such as parts of the pelvic musculature 
(Etheridge, 1967; Russelt & Bauer, 1992), parts of the pelvic skeleton or position of the cloaca! 
opening, may conflict with and hence constrain the ability to autotomize. Secondly, a genetic 
correlation between the sexes in length of the non-autotomous tai! base might counteract any 



 

tendency in females to shorten this part of the tail (Lande, 1980; Lande & Arnold, 1985). A 
genetic correlation between males and females implies that selection for fewer non-autotomous 
vertebrae in females would induce a parallel response in males.  Shortening of the non- 
autotomous portion in males will conflict with the presence of the reproductive organs and 
may offset any benefit provided to females. A genetic correlation between males and females in 
the number of non-autotomous vertebrae will therefore constrain the evolution of sexual 
divergence. 

Total length of the tail was larger in males than in similarly-sized females, at least in the two 
species for which data are available. We anticipated this result, hypothesizing that males would 
compensate for the decrease in autotomie capacities at the tail base by evolving longer tails, such 
that the length of the autotomous part would be similar in both sexes. We therefore suggest that 
the presence of the hemipenes, and the associated increase in length of the non-autotomous tai! 
base, might be an important factor inducing sexual dimorphism in total tai! length. A similar 
conclusion has been presented for snakes (King, 1989). However , our findings do not dismiss the 
possible importance of ether factors. For instance, males of many lacertid lizards have a larger 
head and longer extremities than females (Castilla et al., 1989; Castilla & Bauwens, 1991), such 
that the sexes may differ in the position of the centre of gravity. Differences in tai!length might 
hence be a biomechanica! requirement to achieve similarity as a counterbalance during 
locomotion. 

 
We thank Aurora M. Castilla, Ramón M. Diaz-Uriarte, Paul E. Hertz, Raoul Van Damme and especially 
Dr A. P. Russell for constructive comments on previous versions of the manuscript. Lizards were collected 
under the authority of a permit issued by ICONA. 

 
RE FERENCES 

Arnold, E. N. (1973).  Relationships of  the Palaearctic lizards assigned  to the genera  Lacerta, Algyroides  and 
Psammodromus (Reptilia: Lacertidae). Bull. Br. Mus. nat. Hist. (Zool.) 25: 291-366. 

Arnold , E. N. (1984). Evolutiona ry aspects of tai! shedding in lizards and their relatives. J. nat. Hist. 18: 127-169 . 
Arnold , E. N. (1988). Cauda) autotomy as a defense. In Biology of the Rept ilia 16: 235-373. Gans, C. & Huey, R. B. (Eds). 

New York: J . Wiley & Sons. 
Arnold , E. N. (1989). Towards a phylogeny and biogeography of the Lacertidae: relationships within an Old-World 

family of lizards derived from morphology. Bull. Br. Mus. nat. Hist. (Zool.) 55: 209-257. 
Bauwens,D. & Thoen, C. (1981). An enclosure design allowing quantification of dispersal in lizard population studies. Br. 

J. Herpet. 6: 165-168. 
Bauwens, D. & Verheyen, R. F. ( 1987). Variation of reproductive traits in a population of the lizard Lacerta vivipara. 

Holarct. Eco/ . 10: 120-127. 
Bellairs, A. d'A . & Bryant, S. V. (1985). Autotomy and regeneration in reptiles. In Biology of the Reptilia 15: 301-4 10. 

Gans, C. & Billett, F. (Eds). New York: J. Wiley & Sons. 
Castilla, A.M. & Bauwens, D. (1991). Observations on the natura! history, present status, and consenation of the insular 

lizard Podarcis hispanica atrata on the Columbretes Archipelago , Spain. Bio/. Conserv. 58: 69-84. 
Castilla, A. M., Bauwens, D., Van Damme, R. & Verheyen , R. F. (1989). Notes on the biology of the high altitude lizard 

Lacerta bedriagae. Herperol. J. 1: 400-403. 
Etheridge, R. (1967). Lizard cauda) vertebrae. Copeia 1967: 699-721. 
Holîstetter, R.& Gasc, J.-P. ( 1969). Vertebrae and ribs of modern reptiles. In Bio/ogy of the Reptilia 1:201-310. Gans, C., 

Bellairs, A. d'A. & Parsons, T. S. (Eds). London: Academie Press. 
Hurlbert, S. H. (1984). Pseudoreplication and the design of ecological experiments. Ecol. Monogr. 54: 187-211. 
King, R. B.  (1989). Sexual  dimorphism  in  snake  tail  length:  sexual  selection, natura)  selection, or  morphological 

constraint? Bio!.  J. Linn. Soc. 38:  133-154. 
Lande, R. (1980). Sexual dimorphism, sexual selection and adaptation in polygenic characters. Evolurion 34: 292-305. 
Lande, R. & Arnold, S. J. ( 1985). Evolution of maling preference and sexual dimorphism. J. theor. Bio/. 117: 651-664. 



 

Pratt, C. W. M. ( 1946). The plane of fracture of the cauda! vertebrae of certain lacertilians. J. Anat. 80: 184-188. 
Russell, A. P. & Bauer,  A. M. (1992). The m. caudifemoralis longus and  its relationship to cauda!autotomy  and 

locomotion in lizards (Reptilia: Sauria). J. Zool., Lond. 227: 127-143. 
Sheppard, L. & Bellairs, A. d'A. (1972). The mechanism of autotomy in Lacerta.Br .J. Herpet. 4: 267-286. 
Taylor, W. R.(1967). An enzyme method of clearing and staining small vertebrates . Proc. U.S. natn. Mus. 122: 1-17. 
Vitt, L.J., Congdon, J.D.& Dickson, N.A. (1977). Adaptive strategies and energetics of tai! autotomy in lizards. Ecology 

58: 326-337. 
Vitt, L. J.& Cooper, W. E., Jr (1986). Tail loss, tai!color and predator escape in Eumeces (Lacertilia: Scincidae): age- 

specific dilferences in costs and benefits. Can. J. Zool. 64: 583-592. 
Zug, G. R. & Crombic, R. 1. (1970). Modifications of the Taylor enzyme method of clearing and staining for amphibians 

and  reptiles.  Herpet.Rev. 3:49-50. 


	from the sixth caudal vertebra, i.e. the most distal vertebra that is functionally non-autotomous. The m. retractor penis magnus generally originates on the transverse processes of the seventh caudal vertebra, which is often the proximalmost caudal ve...
	The relations between the length of the non-autotomous part at the base of the tail and SVL differed between the sexes in adjusted means (or intercepts), but not in regression slopes (Table II). This indicates that the non-autotomous part is larger in...

