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Abstract: The relationship between oral jaw biomechanics and consumption of hard

prey was compared between Gulf of Mexico (Gulf) and Atlantic Ocean (Atlantic) populations

of gray triggerfish fBalistes capriscus,) to examine intraspecific ecomorphological variation

between these fish. Gut content analysis revealed that Atlantic fish fed more on hard-shelled

invertebrates, such as crabs and sea urchins, than Gulf conspecifics. Difference in the relative

magnitude of durophagy between Gulfand Atlantic triggerfish was associated with intraspecific

differences in key biomechanical properties of the prey-capture and processing mechanism. The

more durophagous Atlantic B. capriscus had more massive jaw bones and muscles than Gulf

fish. The mechanical advantage of the lower jaw appeared to be less reflective of the dietary

differences between fish from both locations. We hypothesize that B. capriscus has the ability

to alter the development of its feeding mechanism to match the requirements for capturing and

processing locally available prey-resources at post-recruitment habitats in the Atlantic and

Gulf coasts of Florida.

The central theme of ecomorphological studies is understanding the

functional-ecological relationship between an organism and its environment.

In fishes, previous studies have shown that the constructional design of feed-

ing mechanisms constrain the diversity of prey that can be consumed be-

cause the functional morphology of the feeding mechanism underlies the

ability of fishes to capture and process prey (Liem, 1991; Turingan and

Wainwright, 1993). Key features of the feeding apparatus, such as oral-jaw

gape (Hoyle and Keast, 1988), pharyngeal-jaw gape (Wainwright, 1988),

pharyngeal-jaw crushing strength (Wainwright, 1987, 1988), and oral-jaw

crushing strength (Turingan, 1994; Hernandez and Motta, 1997) have been

shown to reflect the size, hardness and elusiveness of prey consumed by

fishes. However, most studies that attempted to relate functional morphology

to ecology were conducted at the interspecific level of analysis. We know
very little about the extent to which within-species variation in ecomor-

phology exists.

Many species of marine-coastal fishes inhabit a variety of post-recruit-
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merit habitats. Although conspecific fish collected from different locations

have been shown to exhibit different food habits, the association between

intraspecific differences in prey consumption and intraspecific differences in

feeding biomechanics has not been thoroughly investigated. Previous ex-

perimental studies on lacustrine fishes (e.g., cichlids [Meyer, 1990] and cen-

trarchids [Mittelbach et al., 1999]) have demonstrated that phenotypic-de-

velopmental plasticity underlies diet-induced changes in feeding morpholo-

gy. A recently concluded study on the effects of two contrasting diets on

the development of feeding biomechanics in sheepshead (Archosargus pro-

batocephalus) from Florida is the first known experimental study on a ma-

rine-coastal fish species that demonstrated a similar diet-induced phenotypic

plasticity (M. Fougerolle, unpublished MS thesis). In this study, we exam-

ined two populations of gray triggerfish (Batistes capriscus) located in the

Atlantic Ocean and the Gulf of Mexico. In general, B. capriscus has a du-

rophagous feeding habit, consuming hard-shelled invertebrates such as bar-

nacles and sea urchins (Vose, 1990; Vose and Nelson, 1994). It has also

been shown that B. capriscus is an opportunistic feeder, having the ability

to switch between soft prey (e.g., polychaetes) and hard prey (e.g., crabs

and barnacles) depending on the relative abundance of these prey organisms

in different locations (Frazer et al., 1991; Vose and Nelson, 1994). This

study addresses two specific questions: (1) Is there a difference in the relative

consumption of hard prey (durophagy) between Atlantic and Gulf popula-

tions of B. capriscus? (2) If so, is intraspecific variation in durophagy as-

sociated with intraspecific difference in feeding biomechanics?

Materials and Methods—Representative Atlantic Ocean B. capriscus were collected off

the coast of Cape Canaveral, Florida (28°32'45" N, 81°30'0" W). Collection sites were domi-

nated by hard bottom structures such as artificial and natural reefs; predominant invertebrate

prey included hard-shelled mollusks, crabs and sea urchins (Vose, 1990; Vose and Nelson,

1994). Gulf of Mexico B. capriscus were caught in Tampa Bay (27°32'0" N, 82°47'0" W) and

off Turkey Point (29°53'0" N, 84°28'0" W), Florida. Collection sites in the Gulf were charac-

terized by soft-bottom communities that included polychaetes, soft corals, sand dollars and

bivalve mollusks (Frazer et al., 1991; Posey et al., 1998).

The gastro-intestinal tract of each triggerfish was dissected and examined. To minimize

sampling bias associated with hook and line, the main method of fish collection, only fish that

had at least 75% full stomach (based on visual inspection of stomach fullness under a dissecting

microscope) were included in the dietary analysis. Furthermore, pieces of squid and fish used

as bait were carefully eliminated before quantifying the relative contribution of natural prey in

the diet of B. capriscus. Gut contents of 20 Atlantic and 33 Gulf fish were classified into 12

prey categories (Echinoidea, Asteroidea, Bivalvia, Gastropoda, Cirripedia, Polychaeta, crab,

shrimp, Ophiuroidea, Porifera, Anthozoa and algae). The volumetric contribution of each prey

category was calculated by water displacement, as outlined in Turingan (1994). Difference in

magnitude of durophagy between Atlantic and Gulf B. capriscus was determined by comparing

the average consumption of hard prey (i.e., pooled volumetric contribution of Echinoidea, Biv-

alvia, Gastropoda, Cirripedia, crab, Ophiuroidea).

The same fish (including 10 more Gulf caught B. capriscus) used in the dietary analysis

were measured for standard length (SL) and biomechanical features of the oral-jaw apparatus.

Oral-jaw bones (upper and lower jaws) and muscles (adductor mandibulae 1 and 2) were
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Fig. 1. Schematic diagram of B. capriscus lower jaw, showing the distances (out-lever,

closing in-lever, and opening in-lever) measured to quantify mechanical advantage.

dissected from the left side of the head, patted dry with a paper towel and weighed to the

nearest 0.01 gram using a Sartorius® analytical balance. The mechanical advantage (i.e., lever

ratio) of the lower jaws was estimated from three linear measurements on the jaw bone (Wain-

wright and Richard, 1995; Turingan et al., 1995): (1) opening and closing out-lever was the

distance between the articular-quadrate joint and the most anterior tip of the biting teeth; (2)

opening in-lever was the distance between the articular-quadrate joint and the insertion point

of the inter-opercular bone on the mandible; (3) closing in-lever was the distance between the

articular-quadrate joint and the insertion point of the adductor mandibulae on the lower jaw

(see Turingan et al., 1995 for details of this procedure; Fig. 1).

To remove the confounding effects of body size in intraspecific comparisons of feeding

biomechanics, log 10-transformed bone and muscle mass were compared between Atlantic and

Gulf fish using Analysis of Covariance (ANCOVA), with log 10-transformed SL as covariate.

Interpopulation differences in arcsine-transformed jaw- opening and closing lever ratios were

compared using Analysis of Variance. Graphical and statistical analyses were conducted using

Sigmaplof and Systat®, respectively (SPSS, Inc.).

Results—Atlantic B. capriscus fed almost exclusively on hard-shelled

invertebrates; on average, about 85% of prey consumed included echinoids,

crabs, bivalves, gastropods, and Cirripedia (Table 1). In contrast, only about

55% of prey consumed by Gulf B. capriscus were considered hard prey,

primarily infaunal bivalves. Exclusive of bivalves, errant polychaetes dom-
inated the diet of Gulf B. capriscus. On average, Atlantic B. capriscus con-

sumed relatively more hard prey than Gulf conspecifics (t-test to compare

mean percentage volumetric contribution of hard prey: t = 2.901; df = 49,2;

P = 0.004).

Mass of oral-jaw bones and muscles of individual B. capriscus at both

locations increased with body size (Fig. 2; Table 2). Analyses of Covariance

revealed that Atlantic B. capriscus had significantly higher upper and lower

jaw mass, as well as adductor mandibulae 1 and 2 mass than Gulf conspe-

cifics (Table 3). Of the two measures of mechanical advantage of the lower

jaw, only the opening lever ratio was significantly different between the two

B. capriscus populations.

Discussion—Gray triggerfish, B. capriscus is an important component

of the fish fauna along the Atlantic Ocean and Gulf of Mexico coasts of

Florida. This ubiquitous species appear to successfully settle on different
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Table 1. Mean percentage volumetric contribution (:

prisons in the Atlantic Ocean and Gulf of Mexico.

SE) of prey consumed by B. ca-

Atlantic Ocean Gulf of Mexico

Hard Prey

Bivalvia

Cirripedia

Crab

Echinoidea

Gastropoda

Ophiuroidea

Soft Prey

Algae

Asteroidea

Soft Coral

Polychaeta

Shrimp

Sponge

Unknown

16.56

10.27

25.70

27.14

2.72

5.07

0.00

5.00

0.00

4.98

0.00

2.44

0.114

6.37

4.86

7.45

8.53

1.44

4.46

0.00

5.00

0.00

2.78

0.00

1.76

0.114

38.26

1.76

7.36

6.10

1.55

0.00

0.12

0.866

2.18

21.89

0.01

0.00

16.43

6.80

0.68

3.16

3.35

0.51

0.00

0.07

0.866

2.16

4.32

0.01

0.00

3.22

habitats within its natural range of distribution (Vose, 1990; Frazer et al.,

1991; Vose and Nelson, 1994). The ecomorphological analysis conducted in

this study revealed three important characteristics of this species. First, B.

capriscus in the Atlantic Ocean fed primarily on hard-shelled invertebrates

that appear to dominate the prey-resource available on natural and artificial

reefs characteristic of this habitat. Second, B. capriscus in the Gulf of Mex-

2.50

Log
1f]

standard length (mm)

Fig. 2. Representative covariate regression plot showing the relationship between jaw
bones and muscles in B. capriscus.
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Table 2. Summary of regression analyses of the log 10 transformed biomechanical vari-

ables on log 10 transformed Standard Length of B. capriscus caught in the Atlantic Ocean and

Gulf of Mexico.

Biomechanical variable Location Y intercept Slope R2 P

Upper Jaw Mass Atlantic -6.75 2.89 0.715 <C0.001

Gulf -6.61 2.81 0.850 <ro.ooi

Lower Jaw Mass Atlantic -6.73 2.85 0.752 «:o.ooi

Gulf -6.86 2.88 0.854 <C0.001

Add. Mandibulae 1 Mass Atlantic -7.02 3.19 0.909 «:o.ooi

Gulf -6.48 2.93 0.754 <ro.ooi

Add. Mandibulae 2 Mass Atlantic -5.88 2.74 0.858 «:o.ooi

Gulf -7.02 3.21 0.875 <:o.ooi

ico included more soft prey invertebrates, such as errant polychaetes and

soft corals in their diet. Third, difference in magnitude of durophagy between

Atlantic and Gulf B. capriscus was reflected in differences in key biome-

chanical features of the oral-jaw apparatus, such as jaw muscle and bone

mass.

Several studies have concluded that at both intra- and interspecific levels

of analysis, there is a strong positive association between key features of

feeding mechanism and food habits in fishes (Motta, 1988; Turingan et al.,

1995; Wainwright and Richard, 1995). It has been argued that the validity

of conclusions drawn from ecomorphological analyses become apparent only

if the choice of functional morphological variables is based on knowledge

of their biological and ecological roles (Turingan, 1994; Norton et al., 1995).

Here we categorized prey consumed based on predator's method of prey

Table 3. Results of Analysis of Covariance comparing the mass of oral-jaw bones and

muscles as well as Analysis of Variance comparing opening and closing lever ratios between

Atlantic and Gulf B. capriscus. Sample mean values for the jaw-bones and muscles are adjusted

for a 239.9 (± 1.0 SE) mm fish.

Mean ± (SE) Statistical comparison

Jaw Bone and Muscle Mass Atlantic (n = 20) Gulf (n = 43)

1.39 ± 1.04 1.20 ± 1.03Upper Jaw (g)

Lower Jaw (g)

Add. Mand. 1 (g)

Add. Mand. 2 (g)

Mechanical Advantage

Opening Lever Ratio

Closing Lever Ratio

1.13 ± 1.04

3.64 ± 1.04

4.47 ± 1.03

0.18 ± 0.00

0.27 ± 0.00

0.99 ± 1.02

3.14 ± 1.02

4.01 ± 1.02

0.15 ± 0.00

0.25 ± 0.00

ANCOVA: F = 11.10;

d.f. = 1,60; P = 0.001

ANCOVA: F = 9.56; d.f

= 1,60; P = 0.003

ANCOVA: F = 11.62;

d.f. = 1,60; P = 0.001

ANCOVA: F = 9.22; d.f.

= 1,60; P = 0.004

ANOVA: F = 13.92; d.f.

= 1,61; P = <0.001

ANOVA: F = 2.93; d.f.

= 1,61; P = 0.092
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capture and processing (e.g., the predator would bite and crush hard prey

such as crabs and bivalves, whereas it would suction feed on soft, elusive

prey such as errant polychaetes [Turingan and Wainwright, 1993]). In ad-

dition, we chose biomechanical properties of the oral jaws that are directly

linked to feeding performance. For example, mass of the oral-jaw adductor

muscle reflects force-producing capability, oral-jaw bone mass is indicative

of compressive strength, and lever ratios represent a compromise between

speed of jaw movement and biting strength (Barel, 1983; Wainwright, 1987,

1988; Turingan, 1994; Wainwright and Richard, 1995; Turingan et al., 1995;

Hernandez and Motta, 1997).

Although the quantification of substratum type and invertebrate com-

munities in the Atlantic and Gulf sites was beyond the scope of this study,

it is hypothesized that differential consumption of hard prey between pop-

ulations of B. capriscus reflected difference in the relative abundance of

prey organisms in these two locations. As opportunistic predators, most fish-

es likely feed on the most abundant prey available in their foraging habitats.

Results of our dietary analysis were consistent with previous reports on the

food habits of B. capriscus in the Atlantic Ocean and Gulf of Mexico. Vose

(1990) and Vose and Nelson (1994) also found that the main dietary items

of B. capriscus located in the Atlantic Ocean were bivalves and barnacles

(Cirripedia). In contrast, Frazer and co-workers (1991) found that B. ca-

priscus inhabiting the Gulf of Mexico fed primarily on sand dollars.

Is variation in magnitude of durophagy between Atlantic and Gulf B.

capriscus associated with between-location difference in the biomechanical

features of the prey-capture and processing mechanism? It is likely that

difference in prey-resource base and food habits between the two B. ca-

priscus populations influenced the development of different feeding bio-

mechanical designs between conspecifics. The relatively more massive oral-

jaw bones and muscles of Atlantic B. capriscus appear to give them the

ability to capture and process the hard-prey invertebrates that dominate their

diet. Several studies have shown that feeding on different prey types induced

changes in the development of feeding mechanisms: sticklebacks (Lavin and

McPhail, 1986), cichlids (Greenwood, 1965; Meyer, 1987, 1989; Wimberger,

1991; Smits, 1996) and A. probatocephalus (M. Fougerolle, unpublished MS
thesis). Muscle and bone physiology responds to changes in dynamic loading

(Goldspink and Howells, 1974; Goldspink and Ward, 1979; Currey, 1984;

Lanyon and Rubin, 1985). Vertebrate striated muscle hypertrophies in re-

sponse to increased loads, resulting in increased mass and physiological

cross-sectional area (Goldspink, 1983). Vertebrate bone tissue also has the

ability to remodel and gain mass and size when subjected to increased stress

(Wolff, 1892; Moore, 1965; Smith, 1981; Bouvier and Hylander, 1981; Bee-

cher et al., 1983). Feeding on benthic, hard-shelled prey requires a forceful

bite to capture prey and repeated chewing to crush prey before being swal-

lowed (Turingan and Wainwright, 1993; Wainwright and Turingan, 1993;

Turingan, 1994; Turingan et al., 1995; Cutwa, 1997; Hernandez and Motta,
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1997). During prey capture and processing, jaw muscles and bones experi-

ence a loading regime that could induce them to increase mass and size

(Turingan et al., 1995).

In addition to hypertrophy of jaw bones and muscles, increased duro-

phagy would be expected to correlate with increased mechanical advantage

of the lower jaw (i.e., lever ratio indicates the trade-off between speed of

jaw movement and transmission of force from the adductor mandibulae mus-

cle to the biting surface of the jaw). Although this trend has been demon-
strated in interspecific comparisons (Westneat, 1990, 1994; Turingan, 1994;

Wainwright and Richard, 1995), we found that intraspecific difference in

jaw closing lever ratios were not consistent with the pattern seen in oral-

jaw bones and muscles. However, there was a significant difference in open-

ing lever ratios between Gulf and Atlantic fish. This could be attributed to

the difference in opening in-lever arm between the two triggerfish popula-

tions (ANCOVA to compare average opening in-lever arm: F = 18.966; df

= 1,60; P = <0.001). We hypothesize that subtle differences in the hardness

of prey consumed by conspecifics in the wild induced hypertrophy of bones

and muscles, but had inconsistent effect on the lever systems of the lower

jaw. Perhaps during development, mechanical advantage of the lower jaws

is less responsive to difference in magnitude of durophagy in B. capriscus.

The ability of B. capriscus to alter its feeding habits is coupled with its

ability to alter the development of its feeding mechanism to match the de-

mands for prey capture and processing of locally available prey. Intraspecific

variation in ecomorphological patterns may be as widespread in fishes as

the existence of interspecific variation. This has important implications for

our understanding of the mechanisms that underlie the ability of a fish spe-

cies to successfully occupy heterogeneous habitats such as those found with-

in the range of distribution of B. capriscus in Florida.

Acknowledgments—We thank PC. Wainwright, J. Litchfield, S. Roth, A.W. Francis, Jr.

and J. Moore for help in collecting fish. Comments by anonymous reviewers, A.W. Francis, Jr.,

S. Huskey, C. Potts, M. Fougerolle, and C. Guigand helped improve this manuscript.

LITERATURE CITED

Barel, C. D. N. 1983. Towards a constructional morphology of cichlid fishes (Teleostei, Per-

ciformes). Neth. J. Zool. 33:357-424.

Beecher, R. M., R. S. Corruccini, and M. Freeman. 1983. Craniofacial correlates of dietary

consistency in a nonhuman primate. J. Craniofacial. Gen. Dev. Biol. 3:193-202.

Bouvier, M. and W. L. Hylander. 1981. Effect of bone strain on cortical bone structure in

macaques (Macaca mulatto). J. Morphol. 167:1-12.

Currey, J. 1984. The mechanical adaptations of bones. Princeton University Press, Princeton,

NJ.

Cutwa, M. M. 1997. Diet and feeding biomechanics of the sheepshead, Archosargus proba-

tocephalus. M. Sc. Thesis, Florida Institute of Technology, Melbourne, FL. 76 pp.

Frazer, T K., W. J. Lindberg, and G. R. Stanton. 1991. Predation on sand dollars by gray

triggerfish, Batistes capriscus, in the northeastern Gulf of Mexico. Bull. Mar. Sci. 48:

159-164.



No. 1 2001] DURIE AND TURINGAN—TRIGGERFISH STUDIES 27

Greenwood, P. H. 1965. Environmental effects on the pharyngeal mill of a cichlid fish, Asta-

toreochromis alluadi and their taxonomic implications. Proc. Linn. Soc. Lond. 176:1—

10.

Goldspink, G. 1983. Alterations in myofibrilar size and structure during growth, exercise, and

changes in environmental temperature. Pp. 539-554. In: Skeletal Muscle, Section 10,

American Physiological Society, Bethesda, MD.
and K. Howells. 1974. Work-induced hypertrophy in exercise normal muscles of dif-

ferent ages and the reversibility of hypertrophy after cessation of exercise. J. Physiol.

London 239:179-193.

and P. S. Ward. 1979. Changes in rodent muscle fibre types during post-natal growth,

undernutrition and exercise. J. Physiol. London 296:453-469.

Hernandez, L. P. and P. J. Motta. 1997. Trophic consequences of differential performance:

ontogeny or oral jaw-crushing performance in the sheepshead, Archosargus probatoce-

phalus (Teleostei, Sparidae). J. Zool., London 243:737-756.

Hoyle, J. A. and A. Keast. 1988. Prey handling in two piscivores, Esox americanus vermi-

culatus and Micropterus salmoides, with contrasting mouth morphologies. Can. J. Zool.

66:540-542.

Lanyon, L. E. and C. T. Rubin. 1985. Functional adaptation in skeletal structures. Pp. 1-25.

In: Hildebrand, M., D. M. Bramble, K. F. Liem, and D. B. Wake (eds.) Functional

Vertebrate Morphology, Belknap Press, Cambridge.

Lavin, P. A. and J. D. McPhail. 1986. Adaptive divergence of trophic phenotypes among
freshwater populations of the threespine stickleback (Gasterosteus aculeatus). Can. J.

Fish. Aquat. Sci. 43:2455-2463.

Liem, K. 1991. A functional approach to the development of the head of teleosts: implications

on the constructional morphology and constraints. Pp. 231-249. In: Schmidt-Kittler,

N. and K. Vogel (eds): Constructional Morphology and Evolution. Springer-Verlag,

Berlin.

Meyer, A. 1987. Phenotypic plasticity and heterochrony in Cichlasoma citrinellum. Oecologia

80:431-436.

. 1989. Cost of morphological specialization: feeding performance of the two morphs

in the trophically polymorphic cichlid fish, Cichlasoma citrinellum. Oecologia 80:431-

436.

. 1990. Ecological and evolutionary aspects of the trophic polymorphism in Cichlasoma

citrinellum (Pisces, Cichlidae). Biol. J. Linn. Soc. 39:279-299.

Mittelbach, G. G., C. W Osenberg, and P. C. Wainwright. 1999. Variation in feeding mor-

phology between pumpkinseed populations: phenotypic plasticity or evolution? Evolu-

tion Ecology Research 1:111-128.

Moore, W J. 1965. Masticatory function and skull growth. J. Zool., London 146:123-131.

Motta, P. J. 1988. Functional morphology of the feeding apparatus of ten species of Pacific

butterflyfishes (Perciformes, Chaetodontidae): an ecomorphological approach. Env. Biol.

Fishes 22:39-67.

Norton, S. F, J. J. Luczkovich, and P. J. Motta. 1995. The role of ecomorphological studies

in comparative biology of fishes. Env. Biol. Fishes 44:287-304.

Posey, M. H., T D. Alphin, S. Banner, F Vose, and W Lindberg. 1998. Temporal variability,

diversity and guild structure of a benthic community in the northeastern Gulf of Mexico.

Bull. Mar. Sci. 63:143-155.

Smith, D. W 1981. Mechanical forces and patterns of deformation. Pp. 215-223. In: Connelly,

T. G., L. L. Brinkly, and B. M. Carlson (eds.) Morphogenesis and Pattern Formation,

Raven Press, New York, NY.

Smits, J. D. 1996. Trophic flexibility through spatial reallocation of anatomical structures in

the cichlid fish Astatoreochromis alluaudi. Ph.D. Dissertation, University of Leiden,

Leiden. 124 pp.

Turingan, R. G. 1994. Ecomorphological relationships among Caribbean tetraodontiform fishes.

J. Zool., London 233:493-521.



28 FLORIDA SCIENTIST [VOL. 64

-and P. C. Wainwright. 1993. Morphological and functional bases of durophagy in the

queen triggerfish, Balistes vetula (Pisces, Tetraodontiformes). J. Morphol. 215:101-118.

-, P. C. Wainwright, and D. A. Hensley. 1995. Interpopulation variation in prey use

and feeding biomechanics in Caribbean triggerfishes. Oecologia 102:296-304.

Vose, F. E. 1990. Ecology of fishes on artificial and rock outcrop reefs off the central coast of

Florida. Ph.D. Dissertation, Florida Institute of Technology, Dept. of Oceanography and

Ocean Engineering, Melbourne, Florida, xi + 140 pp.

and W. G. Nelson. 1994. Gray triggerfish {Balistes capriscus Gmelin) feeding from

artificial and natural substrate in shallow Atlantic waters of Florida. Bull. Mar. Sci. 55:

1316-1323.

Wainwright, P. C. 1987. Biomechanical limits to ecological performance: mollusc-crushing by

the Caribbean hogfish, Lachnolaimus maximus (Labridae). J. Zool., London 213:283-

297.

. 1988. Morphology and ecology: Functional basis of feeding constraints in Caribbean

labrid fishes. Ecology 69:635-645.

and B. A. Richard. 1995. Predicting patterns of prey use from morphology in fishes.

Env. Biol. Fishes 44:97-113.

and R. G. Turingan. 1993. Coupled vs. uncoupled functional systems: Motor plasticity

in the queen triggerfish, Balistes vetula (Teleostei, Balistidae). J. Exp. Bio. 180:209-227.

Westneat, M. W. 1990. Feeding mechanics of teleost fishes (Labridae): a test of four-bar

linkage models. J. Morphol. 205:269-295.

. 1994. Transmission of force and velocity in the feeding mechanisms of labrid fishes

(Teleostei, Perciformes). Zoomorphology 114:103-118.

Wimberger, P. H. 1991. Plasticity of jaw and skull morphology in the neotropical cichlids

Geophagus brasiliensis and G. steindachneri. Evolution 45:1545—1563.

Wolff, J. D. 1892. Das Gesetz der transformation der Knochen. Hirschwald, Berlin.

Florida Scient. 64(1): 20-28. 2001

Accepted: May 10, 2000.


