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Summary

1. Two often cited hypotheses explaining sexual head size dimorphism in lizards are:
sexual selection acting on structures important in intrasexual competition, and reduction
of intersexual competition through food niche separation.

2. In this study some implicit assumptions of the latter hypothesis were tested, namely
that an increase in gape distance and bite force should accompany the observed
increase in head size. These assumptions are tested by recording bitérfarives,

for lizards of the specieGallotia galloti. In this species, male lizards have signifi-
cantly larger heads than female conspecifics of similar snout-vent length.

3. Additionally, the average force needed to crush several potential prey species was
determined experimentally and compared with the bite force data. This comparison
clearly illustrates that animals of both sexes can bite much harder than required for
most insect food items, which does not support the niche divergence hypothesis. The
apparent ‘excess’ bite force in both sexes might be related to the partially herbivorous
diet of the animals.

4. To unravel the origin of differences between sexes in bite capacity, the crushing
phase of biting was modelled. The results of this model show different strategies in
allocation of muscle tissue between both sexes. The origin of this difference is
discussed and a possible evolutionary pathway of the development of the sexual
dimorphism in the species is provided.

Key-words:Bite forces, bite modelling, prey toughness
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Introduction larger prey than female conspecifics; Schoener 1967,
1977; Stamps 1977; Best & Pfaffenberger 1987,
Although it has long been recognized that both naturaPreest 1994). Although it is often hard to unravel the
and sexual selection can shape the features of sexualfyecise contribution of each selective pressure, at least
dimorphic organisms, the differential contribution of one of these hypotheses (natural selection resulting in
these selective drives is often hard to determine (e.q reduction in food competition between the sexes)
Anderson & Vitt 1990; Hews 1990; Shine 1991, 1993;can be refuted by testing some of its implicit critical
Stamps 1993; Cordes, Mouton & Van Wijk 1995; assumptions (see Carothers 1984). To allow for niche
Perry 1996; Wikelski & Trillmich 1997) and may vary differentiation between the sexes, the difference in
for different traits within an organism (Gittleman & head size should result in at least a difference in gape
Van Valkenburgh 1997). Especially susceptible toor bite performance (or both), allowing males to cap-
both evolutionary mechanisms are sexually dimorphidure prey not accessible to females (e.g. larger or
features associated with the trophic apparatus. Amougher prey items). The present study tests this last
often cited example is that of the sexual head sizeassumption by recording bite forces, vivo, for a
dimorphism in lizards, where an increased male heathrge sample of lizards.
size may simultaneously be important in intrasexual Gallotia galloti (Duméril et Bibron, 1839), the
interactions (e.g. male—male combat, territorial con-Canary Island Lizard, is especially suited to test these
tests; Trivers 1976; Fitch 1981; Anderson & Vitt 1990; predictions as (1) it is sexually dimorphic in head
Mouton & Van Wijk 1993; Bull & Pamula 1996; dimensions (both head length, head width and head
Censky 1996), intersexual interactions (copulatoryheight; see Bischoff 1971; Molina Borja, Padron-
bites; Herrel, Van Damme & de Vree 1996), and aid inFumero & Alfonso-Martin 1997), (2) male lizards do
resource partitioning (e.g. males being able to eahot defend territories and have overlapping home
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ranges (Molina Borja 1987; Molina Borja, Padron- were examined by regression analysis, and dimorphism
Fumero & Alfonso-Martin 1998), (3) the diet of the of head dimensions between sexes was estimated by
animals is relatively well known and includes large analyses of covariance (all variables werg Jdgns-
amounts of plants (Diaz 1980; Molina Borja 1991; formed because of the non-normality of the data).
Valido & Nogales 1994) and (43. galloti are fairly
large lizards (average snout-vent length for males isélTE FORCE RECORDINGS
135 mm, for females 126 mm; Salvador 1985) which

allows bite forces to be recorded from both adult andn vivo bite forces were measured using an isometric
juvenile lizards. To be able to determine where andKistler force transducer (type 9203, Kistler Inc.,
when selection for a larger head size takes placeSwitzerland) mounted on a purpose-built holder
lizards at several ontogenetic stadia were tested (s€€ig. 1) and connected to a Kistler charge amplifier
Shea 1986; Ravosa & Gomez 1992; Watkins 1996(type 5058 A, Kistler Inc.). Biting causes the upper
Masterson 1997 for why ontogenetic patterns shoulglate to pivot around the fulcrum, and thus pull is
be studied). Additionally, in order to assess the ecoexerted on the transducer. Bite forces were registered
logical relevance of the expected differences in biteusing a portable computer equipped with an A/D con-
performance, the toughness of several potential natuserter (PC-Scope T512, IMTEC GmbH, Germany).

ral prey items was measured. The goals of this study Bite forces were measured for 16 adult male, 24
are thus to test the assumptions of the food niche partadult female and 83 juvenile lizards kept at the
tioning hypothesis as an explanation for the observednstitute of Nature Conservation (Brussels, Belgium).
intersexual difference in head size in lizards of theAnimals were placed in an incubator at 35 °C (approx-
speciessallotia galloti. imating the average preferred body temperature for
several species @allotia, Marquez, Cejudo & Prez-
Melladoet al. 1997) for 60 min before testing. After

1 h animals were hand held which readily resulted in a
MORPHOMETRICS very characteristic threat response where the jaws are
_opened maximally. The free end of the holder (= bite

Morphometrics (snout-vent length, SVL; mass, M; lates, see Fig. 1) was then placed between the jaws of
head width, HW; head length, HL; head height, HH;p " 9. )\ =P =en the)
the animal which immediately resulted in fierce and

lower jaw length, LJL) were determined for 56 adult rolonged biting. The place of application of bite

male, 83 adult female and 97 juvenile specimens 0Eorces is standardized by mounting acrylic stops on
the speciesGallotia galloti using digital callipers y 9 y P

(+0-01 mm; model CD-15DC; Mitutoyo, UK) and an the free end of the holder (see Fig. 1). Measurements

electronic balance (+ 0-01 g; model FX-3200; AND were repeated five times for each animal with an inter-

. . . - trial interval of at least 1 h. The maximum value
Japan). Specimens were measured either in the field

(Tenerife) or in the Institute of Nature Conservation ;?Zgr?c?isltjr:z%nsai?r:; Leifeoiglrzge ?gf;']c;? ;}?ﬁ];ﬁrﬂd_
(Brussels). Relationships of morphometric variables_ . :
animals were weighed on the same day, and for juve-
niles all morphometric values were determined within
2 days of testing. Bite forces were regressed against
SVL and head measures for male, female and juvenile

lizards separately. The influence of body size on the

Materials and methods

Upper plate, adjustable variables was removed by using analyses of covari-

in height

Force transducer ————————

Holder

Fig. 1. Experimental setup used to register bite fonsesvo. The animals bite on the

ﬂ ance with SVL as covariate.

= ol

| Bite plates MORPHOLOGY

The heads of two male (SVL 115 £+ 5 mm; mass
55 + 5 g) and two female (SVL 85 + 2 mm; mass
30 + 3 g) preserved specimens Gf galloti from
Tenerife (Canary Islands, Spain) were dissected.
Drawings were made of all stages of the dissection
| using a dissecting microscope (Wild M3z, Wild Inc.,
= Switzerland) equipped with camera lucida. One addi-
tional specimen of each sex was used to prepare the
skull. For each muscle the position, three-dimensional
coordinates of origin and insertion and the mass were
~—— To charge amplifier determined. Fibre lengths were obtained experimen-
tally by submerging the muscles in a 30% nitric acid

+
+
Fulcrum

bite plates which causes the upper plate to rotate, thus exerting pull on the piezo-e(68NO3z 30%) solution for 24 h to dissolve all connec-
tric force transducer. The distance between bite plates is adjustable. tive tissue. Muscle fibres were then put in a 50%
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joint force

moments at the
quadrato-squamosal
joint

glycerol solution and the average fibre length of eachwas estimated experimentally for a number of other
muscle or muscle bundle was determined by drawingprey items of prey categories that were untested up to
at least 20 fibres for every muscle (using a dissectingiow. For this purpose the lower jaw of one specimen of
microscope with camera lucida). The individual fiboresG. galloti was removed and partially embedded in
were then digitized and the average length calculatedesin, leaving the toothrows free. The hardened resin
The physiological cross-section of the muscles wasvas then mounted on a Kistler force transducer (type
calculated as the mass divided by the fibre lengtt9203, Kistler Inc.) connected to a charge amplifier
(assuming a muscle density of 1 g ¢msee Herrel (model 463 A, PCB Piezotronics Inc., NY) and chart
et al. 1996). Forces were scaled to the physiologicarecorder (Brush 481 recorder, Gould Inc., OH). Prey
cross-section of the muscles (250 kPa; Herzog 1994)items were subsequently crushed by pushing the jaw
onto the insect with the insect oriented transversely to
the toothrow (as observed during feedingsiallotia)
until failure of the chitinous exoskeleton occurred. For
The physiological cross-section of the jaw musclesall prey items tested, the toughness of the hardest part
and their 3D coordinates of origin and insertion werewas recorded (usually the head and prothorax). For
used as input for the bite model. The position of thetwo co-occurring potential prey items from Tenerife:
point of application of bite forces on the lower jaw Pimelia radula(size range 17-26-23-03 mhh= 28)
(halfway across the tooth row; see Fig. 2) was choseand one hemipteran bug species (Miridae; size range
based on observations of feeding sequences undér99-11-52 mm\ = 7) the toughness of the exoskele-
semi-natural conditions. ton was determined. Additionally, for cricke@Grgllus

The orientation of the food reaction forces (FRF)campestris size ranging from 4-47 to 30-00 mm,
was set to vary between — 150° and — 30° (see Fig. 2\ = 147) and one undetermined beetle from Tenerife
Herrel, Aerts & De Vree 1998a,b) and the gape angléTenebrionidae; size ranging from 5:13 to 9-60 mm,
was set at 10. Bite forces (BFs) must be regarded dd = 20), the relationship between the size (length) and
rough estimates of the forces exerted, and are calcuhe toughness was investigated by regressing thg log
lated for one side only (BFs have to be multiplied by 2transformed data against one another. These prey are
to obtain the overall bite force on the prey; note that inespecially interesting as they include the tougher prey
lizards jaw closers of both sides are generally simultacategories for which intersexual food niche separation
neously active, see Herrel, Cleuren & De Vree 1997)is most likely to occur.
To allow comparison between the lizards, a theoretical
situation was simulated in which all jaw closers are
maximally active. A more detailed description of the Results
bite model is presented in Hereglal. (1998a).

BITE MODELLING

MORPHOLOGY

The skull of G. galloti shows a thick osteodermal
layer, characteristic for primitive lacertids (Fig. 3).
The only available data on insect prey hardness ar€onsequently, no, or only very limited, movements
those presented in Heretlal. (1996) and Andrews &  are possible at the mesokinetic axis. The skull is solid,
Bertram (1997). Still, these data are limited to threerather high and about twice as long as the width at the
prey categories. As such data are important to assetsvel of the quadratojugal process, which is only
the ecological relevance of the results of the bite modelveakly developed. The teeth are pleurodont, and both
and thein vivo bite force recordings, prey hardness the maxillary and dentary ones are somewhat laterally
flattened and tricuspid (one large central and two
small ex-centric cusps). The premaxillary and ptery-
goidal teeth on the other hand are simple and conical.
The jaw musculature d@&. gallotiis similar to that
described for other lacertids (see Haas 1973; Gomes
1974; Herrekt al. 1996) and is composed of three dis-
tinct jaw openers and three well-defined jaw closer
groups (Fig. 3). The jaw openers consist of the well-
developed m. cervicomandibularis and m. depressor
measuring direction of the angle mandibulae, and the very small m. paraoccipito-
ofthe food reaction forces mandibularis (Fig. 3a). Jaw closers consist of the m.
adductor mandibulae externus (superficial, medial

ESTIMATION OF PREY TOUGHNESS

measuring direction of the angle

bite forces

of the joint forces

joint reaction force  food reaction forces and deep parts) originating on the posterior dorsal side

Fig. 2. Graphical representation of action and reaction forces at the jaw joint and the
bite point. The direction of the joint force is measured relative to the line intercori?

of the temporal region and inserting on the coronoid
rocess by means of a complex aponeurotic complex

necting the jaw joint and the anterior tip of the lower jaw. Bite forces are measuréfig. 3a, b), the m. adductor mandibulae posterior
relative to the lower jaw. running from the quadrate to the medial side of the
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thick osteodermal layer

(b)

lower jaw, posterior to the coronoid (Fig. 3b), and the Although the m. pterygoideus is by far the largest
m. adductor mandibulae internus. This last musclanuscle in both male and female lizards, some notice-
group consists of the m. pseudotemporalis (superficiahble differences in muscle mass distribution exist
and deep parts) running from the parietal and occipita(Table 2). Whereas male lizards seem to invest rela-
bones to the medial side of the coronoid (Fig. 3b), andively more in the lateral pterygoid, female lizards seem
the m. pterygoideus (lateral, medial and dorsal partsjo invest more in the external adductor musculature.
originating on the pterygoid and ectopterygoid bones
and inserting on the posterior medial and lateral sides
- . BITE MODELLING
of the lower jaw (Fig. 3a).
As for other lizard species examined (Heretlal
1996, 1998a,b) bite forces are lowest for food reaction
forces perpendicular to the occlusal plane, and increase
with deviations of the angle of the food reaction forces
to either side (Table 1). Joint forces may be large and
the orientation is largely dependent on the orientation
of the food reaction forces. The relative contribution of
the different jaw muscles to the moments generated at
the jaw joint is represented in Table 2.

MORPHOMETRICS

The results of the morphometric analysis clearly indi-
cate a sexual dimorphism in head size; adult male
lizards are significantly larger and have a larger head
than females (Tables 3 and 4). The data for the juveniles
seem to indicate that heads of male lizards show a dis-
proportionately fast growth (see Fig. 4). Apart from the
general size difference, male lizards of a given length
have longer Ancova, difference in slopeF = 11-29;
N=1, 135;P=0-001), widergncova, no difference in
slope, but significant difference in intercelpt= 41,02;

N =1, 136;P < 0-001) and highenfcova, difference

in slope:F =13:35N=1, 135;P < 0-001) heads than
female lizards. There thus seems to be a clear sexual
coronoid process dimorphism in head size and shape.

MAMEP

Fig. 3. Gallotia galloti, male. (a) Superficial lateral view on the head-neck regionN VIVOBITE FORCES
after removal of the skin. (b) Deeper view after removal of the superficial and medial .
parts of the external adductor, and the pterygoid muscle. MAMES, m. adductbPr all groups studied (adult males, adult females and
mandibulae externus superficialis; MAMEP, m. adductor mandibulae externus profutveniles) a clear and significant relation was observed
dus; MAMP, m. adductor mandibulae posterior; MPlat, m. pterygoideus pars laterallsetween bite force and body size, larger lizards being
MPOM, m. para-occipitomandibularis; MPsTS, m. pseudotemporalis superficialis. gpje to bite harder than smaller ones (Fig. 4; Tables 3

and 4). Additionally, a clear sexual dimorphism in bite
force could be demonstratexhCova: slopes- = 0-31,;

Table 1. Output of the static bite model based on the data for a Galgalloti df = 1,34;P = 0-58; intercept§ = 30-98; df = 1,35;

specimen with a gape angle of 10° (forces are given for one side only)

P < 0-001); for a given body size, males bite harder

Orientation of FRF (%) FRF (N) JF(N) Orientation of JF (°) than female lizards (see Fig. 4). Even when taking
head dimensions into account males are able to bite

—-150 9-89 25.73 14232 significantly harder than femalessncova: slopes

—-138 7-36 23-05 138-69 df = 1,34; HL —-F = 3.55,P = 0-06; HW —F = 0-03,

o 0 e oo P=0-86; HH -F = 0-38P = 0-54; intercepts df = 1,35;

_102 5.00 19.42 131.79 HL - F =19-56<0-001; HW -F = 12-87P < 0-001;

-90 4-88 18-62 129-80 HH —F =23-52P < 0-001).

-78 4.98 17-85 127-63

—66 5-33 17-03 125-05

_54 6-00 16-11 121-60 PREY CHARACTERISTICS

:‘3% ;:gi 1‘31:?1?1 %gég Both for crickets and the tenebroid beetles tested, a

clear positive relationship (crickefs< 0-001; beetles

FRF, food reaction forces; JF, joint forces. P = 0-02) between size and exoskeleton toughness
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Table 3. Morphometrics anéh vivobite forces (averages + standard deviations)

Table 2. Relative contribution of the jaw closers to the moments delivered at the jaw joint

Male Female

Muscle phys xs (cR) rmass (%) rcontr (%) phys xs @n  rmass (%) rcontr (%)
MAMES1 0-14 5.19 5.52 0-011 4.03 376
MAMES2 0-18 8-07 21-43 0-025 1103 25.76
MAMEM1 0-085 3.85 4.41 0-015 6-96 7-01
MAMEM2 0-15 8:25 12-40 0.-02 11.91 15.73
MAMEP 0-13 5.16 8-50 0-017 6-87 9-97
MAMP 0-07 2:43 3:13 0-0096 3:24 3-67
MPsTS 0-15 9.04 18-42 0-01 6-04 10-82
MPSTP 0-15 9-85 17.27 0-017 11-03 17-03
MPtlat 0-60 38:47 6-16 0-044 28-50 4.01
MPtmed 0-15 5.23 268 0-013 4.82 2:17
MPtdors 0-14 3.22 0-09 0-014 333 0-07

Mass and contribution (rmass and rcontr) are expressed relative to the total jaw adductor mass and the total jaw closing
moment delivered at the jaw joint, respectively; the physiological cross-section (phys xs) is given in absolute values.
MAMEM1, m. adductor mandibulae externus medialis 1; MAMEM2, m. adductor mandibulae externus medialis 2; MAMEP,

m. adductor mandibulae externus profundus; MAMES1, m. adductor mandibulae externus superficialis 1, MAMES2, m.
adductor mandibulae externus 2; MAMP, m. adductor mandibulae posterior; MPSTP, m. pseudotemporalis profundus; MPSTS,
m. pseudotemporalis superficialis; MPtdors, m. pterygoideus dorsalis; MPtlat, m. pterygoideus lateralis; MPtmed, m. ptery-
goideus medialis.

could be demonstrated (Fig. 5). Whereas the averagd = 20). As the size range of tiRmelia specimens

force needed to crush a cricket was only 2-15 Ntested was limited, only an average toughness is

(= 1-60 N;N = 114), much more force is needed on reported (20-07 + 2-6 N\l = 28). Similarly, for the

average to crush the tenebroid beetles (7-00 + 4-03 Niemipteran species tested only an average value is
reported (3-41 £2-04 NN=7) here.

Discussion
Variable Juvenile Female Male The data gathered in this study clearly indicate a sex-
N 97 83 56 ual dimorphism in bite performance that can be linked
SVL (mm) 58.88 + 1-25 93-33+1-09 109-65+1.11 to the dimorphism in head size between male and
Head length (mm) 14.79+£1-20 22:13+1-09 28-18+1-16 female lizards. Head dimensions isometrically
Head width (mm) 8:91£1-25 14.13+1.11 18-62+1-17 increase with body size in both females and juveniles
:ead height (mm) 646'76 +1-25 2211'22 +113 1 14-79+1-21  (Taple 4, Fig. 4), but show a disproportionate growth
Bite force (N) 2.38+1.01 33.51 + 14.20 108.57 +40.21 'elative to the body in ma!e lizards after maturation.
Based on simple geometrical rules (see Hestell.
N, sample size; SVL, snout-vent length. 1996), an increase in head size (mainly length) leads
Table 4. Allometries (reduced major axis regressions)
Juvenile Female Male
Variable a b r a b r a b r
Allometries of head dimensions and bite fovs&VL
N 97 83 56
Head length -0-28 0-82 0-99 -0-73 1-05 0-78 -1-54 1-47 0-86
Head width -0-78 0-97 0-98 —1.44 1.31 0-82 -1.89 1.55 0-83
Head height —-0-93 0-99 0-97 -1.75 1-42 0-78 -2-67 1-89 0-90
N 64 24 16
Bite force -8:22 4.99 0-79 -2-25 3:42 0-40 —-4.27 3:07 0-73
Allometries of head dimensionsbite force
N 64 24 16
- Head length —-6-39 5.99 0-77 5-88 5-43 0-42 -0-89 1-96 0-68
© 1999 British Head width -4.33 5.25 0-75 -2.95 386 0-20 -1-44 266 0-65
Ecological Society, ~ Head height -3.01 4.32 0-78 -2-43 3-69 0-11 -0.08 173 0-88

Functional Ecology,
13, 289-297

All regressions are based on {ggransformed data.
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Fig. 4. Allometry of head dimensions and bite force fioy male,o , female ands, juvenileG. galloti. All data are logy-
transformed.

to an increase in gape distance too. Given the increaddiiemae & Crompton 1985; Sibbing 1991), it is gener-
in both bite force and gape distance with increasinglly assumed that higher bite forces are required in
head size, and the fact th@tllotia galloti crushes  order to reduce them adequately. This assertion holds
prey before swallowing (A. Herrelt al, personal for several strictly herbivorous lizards (Heredl al
observation), the assumptions of the niche divergenc&998a,b) but needs to be verified by assessing plant
hypothesis seem to be fulfilled. toughness for the dental configuration of the species
Without further questioning, one might argue in considered. If indeed higher bite forces are required to
favour of strong natural selection leading to a foodconsume plant material, and if these would allow adult
niche partitioning between male and female lizardsmaleG. gallotito consume more, or a wider range of,
However, the prey toughness measurements show thptant material than females and juveniles, the niche
this is probably not the case as both adult male andivergence hypothesis may as yet hold. However, pre-
adult female lizards are able to crush the whole arrajiminary field data (based on the analysis of faeces from
of prey sizes tested (except for the smallest female89 male and 60 female lizards) do not indicate differ-
that were unable to crush the largest beetles; seences in the amount of plants eaten by both sexes.
Fig. 5). The prey items tested include the very large As the data indicate that niche divergence between
Pimelia beetles, which are presumably among thethe sexes presumably does not contribute to the main-
toughest prey items available in the natural habitat ofenance of a dimorphism in head size, the intersexual
G. galloti. Thus, the sexual dimorphism in bite capac-difference in bite force is most probably due to, and
ity observed in laboratory conditions probably will maintained by, sexual selection. Both intrasexual
not contribute to diet divergence in the field. (male—male combat) and/or intersexual (mating bites)
It should be noted, however, that the toughnessnteractions, may lie at the origin of this sexual selec-
measurements were restricted to arthropod prey itemsive pressure.
The diet ofG. gallotiincludes substantial amounts of ~ Usually, male—male combat in lizards is associated
plant material (Valido & Nogales 1994). As plants with the defence of a specific territory or critical
(at least the vegetative structures) are considered tresources such as food or thermoregulatory sites.
be very tough and fibrous (Lucas & Luke 1984; However, asG. galloti males do not defend such
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25 performance); (2) use highly pennate muscles to
increase the physiological cross-section of the jaw
closers for the same muscle volume (which is
already the case iGallotia); and (3) use the space
available outside of the temporal fossa, i.e. increase
the size of the pterygoid muscle which lies at the
external side of the lower jaw.

Secondly, the pterygoid muscle could play a very
important role in stabilizing the jaw joint. Given its
0.5 position and orientation, a contraction of the m. ptery-
10 - goideus will tend to generate fairly large forces at the
jaw joint. This function may become important during

I 1 I I I male—male combat and mating bites where female
25 -20 -5 -10 -05 00 05 lizards struggle vigorously when grabbed by a male.
Log,, prey mass (g) During such struggles the orientation of the joint
forces at the jaw joint will become highly unpre-
Faig; 5. 2A”205mbet_fy30£2p:ei/ gozgh’:;e_ssz(f)?f:;ar;i%fociﬂcbkgtesﬂes dictable, and joint forces may be high owing to extra
Ea= —2.67p=2.39r = 0-91N = 114:e ). The horizontal 'Ot2tional components. - _
lines indicate from top to bottom the maximum, the average, Finally, sexual selection on the pterygoid muscle
and the minimum bite force recorded for male (solid lines),might have played an important role too. As this
female (dashed lines) and juvenile (stippled li@syalloti. muscle is situated at the side of the head, and the skin
All data are logo-transformed. surrounding it is coloured dark black with a bright
blue spot during the breeding season (Molina Borja
1987; Molina Borjaet al. 1997), this may have
specific territories (Molina Borja 1985, 1987; Molina become a visual character used in the assessment of
Borjaet al. 1998) and resources such as food and heatizards by conspecifics.
ing places are abundant (see Molina Borja 1987) this Given all of the previous statements, a possible
seems unlikely in the present case. The only potensequence of events leading to the current head size
tially limited resource for males might be the access talimorphism inG. galloti can be reconstructed. As
female conspecifics as observed for some other lizarboth sexes can apparently bite harder than required
species (e.g. Smith 1985; see Molina Borja 1987).  for all but a few insect food items available, an initial

Although the morphometric and bite force dataselection for increased bite force in both sexes simul-
clearly indicate that animals with larger heads indeedaneously, enabling the exploitation of new food
bite harder, the mechanical basis of this difference canesources (i.e. plants), does not seem unlikely. In a
only be assessed by studying the internal morphologyext phase an extra selective pressure presumably
of the jaw apparatus. Examination of the jaw musclearose on males, pushing them to develop larger
mass distribution for both male and female lizardsheads, advantageous during both male—male interac-
revealed some striking differences. Apparently, maletions (strongest male will win such a contest) and
lizards invest a relatively high amount of the total jaw mating (where female lizards can express a choice by
closer mass in the pterygoid muscle (relative to thephysically resisting copulations). In a last step, a
total jaw muscle mass), whereas female lizards investelective pressure on a large pterygoid muscle as a
more in the external adductor. From a biomechanicapure visual characteristic may have occurred. This
point of view this seems very strange. Owing to itswould then allow males to judge the quality of other
position relative to the jaw joint, the mechanical males (see Molina Borja@t al 1998) and allow
advantage of the pterygoid muscle is low, and its confemales to judge the quality of a male lizard in
tribution to the overall jaw closing moment (and thusadvance (see possible evidence in Molina Borja
bite force) is minimal, as indicated by the bite mod-1985). Although rarely documented in lizards (see
elling (Table 2). Now why might male lizards investin Olsson & Madsen 1999 for an overview on female
a muscle with low mechanical advantage? There are ehoice in lizards), female choice may play an impor-
number of possible explanations. tant role here. As females have larger home ranges

Firstly, males simply might ‘want’ to increase the overlapping those of several males (Molina Borja
bite force even further. In that case, space and packing985) and males generally do not show aggression
constraints will limit the increase in muscle masstowards females (except during mating), females
(Rieppel & Gronowski 1981; Gans & De Vree 1985, might contribute actively by choosing the stronger
1987). Basically, this means that the space availablenales (as judged by the head dimensions) to mate
for muscle in the postorbital head region is limited. Towith. However, this hypothesis remains to be tested.
increase the bite force further several options are pos- An unexpected result of our analysis was the appar-
sible: (1) make a larger head (which may have reperent ‘excess’ bite force in adult (male and female)
cussions on other functions such as locomotodizards. Most adults were able to crush items that were

2.0
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1.0

0.5

0.0

Log,, prey toughness (N)

-1.5
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much tougher than the toughest arthropod prey item ity FKFO grant G.0221-96 to R.V.D. A.H. and R.V.D.
their natural habitat. Obviously the increased biteare Postdoctoral Fellows of the Fund for Scientific
force capacity in the animals implies a serious, andResearch-Flanders (Belgium) (FWO).
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