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ABSTRACT— This study compared skull growth in cannibal and non-cannibal tiger salamanders,
Ambystoma tigrinum. Skull measurements from eleared and stained larvae suggested that the devel-
opment of small cannibals less than 70 mm SVL was characterized by the differential, accelerated
growth of the skull. Though the skulls of cannibals remained larger than those of non-cannibals, the

trophic apparatus of non-cannibals exhibited accelerated growth so that it was difficult to accurately
identify cannibals or non-cannibals on the basis of skull size at snout-vent lengths greater than 70
mm. This study suggests that the soft-tissue, functional matrix of the head dictates head size, and that
the increased head size in cannibals is compensatory growth responsive lo the increased [unctional

demands of macrophagy.

The ephemeral environments and high larval
densities which typically characterize amphibian
populations often lead to intense intraspecific
competition, stress, and/or starvation. Under these
conditions, cannibalism, an extreme form of tro-
phic polymorphism, is sometimes observed (Col-
lins and Cheek, 1983; Polis and Myers, 1985).
Opportunistic cannibalism is the most common
form and may benefit both the cannibalistic in-
dividual(s) and the host population (Semlitsch
and Caldwell, 1982). However, predatory indi-
viduals with mouth parts specialized for macro-
phagy, i.e., structural cannibals, appear in several
amphibian taxa: Secaphiopus and Ambystoma
(Bragg, 1964; Polis, 1981).

Structural cannibals have been reported in three
of the seven subspecies of tiger salamanders, 4Am-
bystoma tigrinum (Gehlbach, 1967): A. (. mavor-
tium, A. 1. nebulosum, and A. (. tigrinum (Collins,
1980; Lannoo and Bachmann, 1984). The “char-
acteristic” recurved teeth and broad heads of the
cannibal morph have been described in numerous
studies (Powers, 1907; Rose and Armentrout,
1976; Pierce et al., 1983; Lannoo and Bachmann,
1984; Lannoo, 1985; Pedersen, 1991). These au-
thors have hypothesized that the cannibals’ cra-
nial hypertrophy must confer some biomechani-
cal advantage to the cannibal larvae during prey
capturce. However, Reilly et al. (1992) have shown
that increased head size and jaw gape did not

improve cannibal feeding performance but that
dental polymorphism did.

In this report I examine the degree to which
inter-morph differences in external head size and
shape are mirrored by diflerences in skull size
and shape in developmental series of cleared and
stained larvac. 1 also address the question of
whether the apparent cranial hypertrophy (head
size) of cannibals is limited to growth in trophic
structures, or does it represent allometric growth
of the entire skull?

MATERIALS AND METHODS—One hundred twenty-
nine larval Ambystoma tigrinum mavortium were col-
lected in New Mexico and Arizona by James Collins
(Arizona State University, ASU) and Jeflry Mitton
(University of Colorado, CU) and were returned to the
ASU zoological collections at the termination of the
project. Collins identified specimens in the ficld as ei-
ther “typical” or “cannibal” based on relative size and
shape of the head. Collins’ and Mitton’s identifications
were modified such that only individuals exhibiting
both recurved teeth and a wide head were classified as
morphological cannibals. Identification of the repro-
ductive status or the dietary preference of each animal
was not possible because many specimens were cither
previously gutted or poorly preserved.

The museum voucher specimens utilized in this study
do not reflect a random, cross-section of a single natural
population. Instead, specimen availability dictated that
developmental series for both cannibals and non-can-
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nibals were eonstructed by combining animals collected
from several populations from a limited geographic
area in western New Mexico. Still, these series are
incomplete (non-continuous), and the statistical anal-
yses concerning small larvae were biased by the large
number of very small cannibal larvae and the near
absence of intermediate-sized cannibal larvae.

All specimens were cleared and diflerentially stained
for bone and cartilage (Hanken and Wassersug, 1981).
The total length of the trunk vertebrae (T'VL: anterior
face of atlas to posterior surface of last pre-caudal
vertebrae) was measured (+0.01 mm) with IHelios dial
calipers. I chose TVL as a measure ol body size because
the more commonly used measure, snout-vent length
(SVL), includes the length of the head (dependent vari-
able). Eleven cranial osteological characters were mea-
sured with an ocular micrometer mounted inside a
Wild M8 dissecting microscope (SL, greatest skull
length; QW, skull width across quadrates; PMW, pre-
maxilla width; PML, premaxilla length; ML, maxilla
length; FL, frontal length; VL, vomer length; VW,
vomer width; OCW, skull width across otic capsules;
BCW, braincase width across anterior tip of parietals;
PL, parietal length; Fig. 1).

Based on my subsamples, individuals began to meta-
morphose at 50 mm TVL or 67 mm SVL in these
populations as evidenced by the initiation of gill re-
sorption. I used this body length to separate smaller
individuals (non-cannibal larvae, small cannibalistic
larvae) from the larger specimens (non-cannibal bran-
chiates—i.e., typical individuals with delayed meta-
morphosis—and large cannibal branchiates).

An analysis of variance (ANOVA—SYSTAT; Wil-
kinson, 1990) was performed on each log-transformed
variable within each size range; e.g., small non-can-

nibal larvae compared with small cannibalistic larvae,
and non-cannibal branchiates compared with canni-
balistic branchiates. The significance level of 2 = 0.05
was adjusted using the Bonferroni correction (7 = 0.05/
n = (1L.05/12 = 0.004) to control for group-wide, Type
I error during the multiple comparisons presented in
Table 1.

Each log-transformed character was then regressed
against log TVL for each group (small non-cannibal
larvae, small cannibal larvae, branchiates, cannibal
branchiates; SYSTAT: Wilkinson, 1990). Cannibal and
non-cannibal regression coeflicients for each variable
were compared with a test for homogeneity of slopes
(ANCOVA). The signiflicance level of 7 = 0.05 was
adjusted using the Bonferroni correction (/7 = 0.05/n
=0.05/11 = 0.0045) o control for group-wide, Type
I error during these multiple comparisons.

To evaluate the variance-covariance relationships
among cranial characters and between cannibal larvae
and non-cannibal larvae, a principal component anal-
ysis was performed utilizing log-transformed data for
the eleven osteometric characters. Three principal com-
ponents were subsequently extracted from the corre-
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lation matrix by the root curve method (STATVIEW:
Feldman et al., 1988). Structures associated with the
trophic apparatus (i.e., jaws, dentigerous bones, sus-
pensorium) appear to grow more rapidly in small can-
nibals (l.annoo and Bachmann, 1984). To test this
observation, I calculated a crude, cranial index to eval-
uate the relationship between the neurocranium and
the rest of the skull by dividing the projected area of
the braincase (width of braincase at the otic capsules
% length of braincase) by the projected area of the
trophic apparatus ((width of skull at the quadrates x
length of skull) — braincase area).

RESULTS—Non-cannibal larvae <50 mm TVL
exhibited skulls that were significantly larger than
the skulls of the small cannibal larvae in eight of
eleven characters including TVL (Table 1). These
results were not predicted and they clearly re-
flected the collecting bias in the study (see above).
This sampling bias and the resulting statistical
artifacts were somewhat ameliorated by the data
presented in Fig. 2. This scatterplot of log QW
against log TVL (skull width against trunk length)
clearly showed that cannibal heads were statis-
tically wider than non-cannibal heads at all TVL.
Indeed, above 50 mm TVL, the large cannibals
exhibited the predicted dimorphism in head size;
all characters except vomer length were 12-27%
larger than in non-cannibals (Table 2). The ap-
pearance of intermediate head sizes in both morphs
at all TVL (I'ig. 2) suggests that there is a con-
tinuum of head sizes rather than a clear dimor-
phism in size between cannibals and non-can-
nibals.

The continuum of head sizes at all TVL com-
plicaled the interpretation of the subsequent re-
gression analyses. This was most apparent in the
comparison of regression coefficients between
morphs or between body size classes when these
comparisons were restricted to the conservative
Bonflerroni 2 values (/7 = 0.0045) necessitated by
the simultaneous group-wide comparisons of sev-
eral variables or coeflicients. For example, the
regression coellicients for the length of the max-
illa, premaxilla, frontal and vomer bones were
clearly larger in small cannibals than in small
non-cannibals (Table 3), albeit insignificantly so.
Consequently, cannibal and non-cannibal allo-
metric trajectories for each character generally
paralleled each other across the entire range of
body sizes, 19-102 mm TVL.

I'or all characters, the slope of the regression
line of small cannibals (<50 mm TVL) was not
significantly different from the slope of the line



318 The Southwestern Naturalist vol. 38, no. 4

i PMW | PREMAXILLA
PML i l

ROOF OF MOUTH

BCW
f OCW
Qw

F1G6. 1—The eleven osteometric characters utilized in the study are shown superimposed on a line drawing

of a typical larval skull of Ambystoma tigrinum.

TaBLE 1—Character means and standard deviations (non-transformed data) for small cannibals and non-
cannibals <50 mm TVL. ANOVA results from log-transformed data (Bonferroni P = 0.05/12 = 0.004).

Non-cannibal Cannibal
(n = 39) (n = 29)

Variable Mean + SD Mean * SD F-ratio P
Trunk vertebrae length 35.58 + 6.97 26.34 + 9.20 28.72 0.0000
Greatest skull length 1275 £ 2.03 12.60 = 1.93 0.03 0.8655
Greatest skull width 12.00 = 2.27 12.12 + 2.29 0.09 0.7675
Premaxilla width 576 £ 0.79 5.38 = 1.14 3.67 0.0598
Premaxilla length 3.12 + 0.48 2.71 £ 0.84 10.18 0.0022
Maxilla length 3.10 £ 0.51 2.36 = 1.03 23.67 0.0000
Frontal length 0.92 = 1.16 5.55 = 1.54 23.12 0.0000
Vomer length 2.81 + 0.55 1.95 £ 0.91 36.08 0.0000
Vomer width 0.87 = 0.20 0.56 + 0.25 41.18 0.0000
Skull width (capsules) 8.12 £ 127 6.89 = 1.63 15.16 0.0002
Braincase width 4.12 = 0.83 3.46 = 1.00 11.46 0.0001
Parietal length 8.47 & 1.63 6.52 = 2.15 22.83 0.0000
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exhibited by large cannibals (>50 mm TVL).
The slope remained constant for all characters
across the entire range of body sizes (19-95 mm
TVL; Bonferroni P = 0.05/11 = 0.0045; Tables
3-5).

Many characters (OCW, BCW, VL, VW, SL)
also exhibited the same allometry across the entire
range of non-cannibal body sizes (21-102 mm
TVL). However, several characters exhibited an
allometric shift at 50 mm TVL. Whereas growth
decreased significantly in PL, the following char-
acters exhibited increased rates of growth in in-
dividuals larger than 50 mm TVL: 'L, PMW,
ML, PML, and QW (£ = 0.0045). The difler-
ential allometry of these five characters is of par-
ticular interest because each either supports, or
is an integral part of, a subcomponent belonging
to the trophic apparatus.

Cannibal and non-cannibal character allome-
tries in animals less than 50 mm TVL rarely
exhibited any significant differences in regression
coefficients; i.e., they possessed the same allo-
metric growth rate. However, the overall length
and width of the skull in small non-cannibals
grew significantly faster than in small cannibal
skulls. Conversely, premaxillary length increased
significantly faster in cannibals.

For most characters, the growth rates of large
cannibals and large non-cannibals were not sig-
nificantly different. The increases in premaxil-
lary and maxillary length growth rates in non-
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F1G. 2—Scatterplot of skull width (QW: skull width
at quadrates) and trunk vertebrae length (TVL). Open
circles = typical larvae < 50 mm TVL; closed circles
= cannibal larvac < 50 mm TVL; open squares =
typical branchiates > 50 mm TVL; closed squares =
cannibal branchiates > 50 mm TVL. Note the differ-
ence in skull width between cannibals and non-can-
nibals at all TVL.

cannibals were the only significant allometric
differences note in animals above 50 mm TVL.

As expected for a morphological series with a
wide size range, the loadings on the first principal
component (PC 1) were large and positive (Table
6). As the first component described 94.5% of the
total variation in the sample, this component was
predominantly one of size allometry. The second
component (PC 2) described 2.3% of the total
variation and contrasted vomerine length, width,
and parietal length with the greatest length and

TABLE 2—Character means and standard deviations (non-transformed data) for large cannibals and non-
cannibals >50 mm TVL. ANOVA results from log-transformed data. The larger mean size of the cannibals
is also reported as a percent increase in size over the non-cannibal means (Bonferroni P = 0.05/12 = 0.004).

Non-cannibal Jannibal
(n = 32) (n = 29)
Variable Mean £ SD Mean + §D F-ratio P Increase
Trunk vertebrae length 72.10 = 13.79 73.99 + 12.63 0.34 0.5640
Greatest skull length 21.00 = 3.91 25.21 = 3.19 21.13 0.0000 20%
Greatest skull width 23.89 £ 5091 30.50 £ 4.39 23.68 0.0000 27%
Premaxilla width 10.59 = 2.19 12.86 £ 1.95 18.10 0.0001 21%
Premaxilla length 6.32 £ 198 7.84 + 1.03 15.74 0.0002 24%
Maxilla length 6.44 = 1.94 8.10 = 1.20 17.60 0.0001 26%
Frontal length 11.79 £ 2.37 14.63 = 2.49 20.73 0.0000 24%
Vomer length 513 = 0.98 6.08 + 1.62 6.01 0.0172 18%
Vomer width 1.61 = 0.40 1.95 £ 0.45 9.26 0.0035 21%
Skull width (capsules) 12.32 £ 1.93 13.78 £ 1.66 10.43 (.0020 12%
Braincase width 7.00 £ 1.12 8.10 + 1.14 13.88 0.0004 16%
Parietal length 12.74 = 1.37 14.97 = 2.14 23.18 0.0000 17%
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TaBLE 3—Regression cocflicients (slopes and intercepts) for log-transformed linear regression of head measures

on TVL for small non-cannibal and cannibal larvae.

Non-cannibal Cannibal
Variable Slope + SE Intercept Slope + SE Intercept
Greatest skull length 0.73 + 0.04 —0.02 0.46 + 0.03 0.45
Greatest skull width 0.81 = 0.06 -0.17 0.55 = 0.04 0.31
Premaxilla width 0.59 + 0.04 —0.16 0.57 + 0.06 —0.07
Premaxilla length 0.25 + 0.12 0.10 0.81 = 0.10 —0.72
Mazxilla length 0.74 + 0.05 —0.66 1.13 + 0.12 —1.24
Frontal length 0.58 + 0.08 —0.07 0.78 = 0.06 —0.37
Vomer length 0.85 + 0.07 —0.87 1.17 = 0.09 —1.38
Vomer width 0.94 + 0.12 —1.52 0.86 + 0.20 —1.49
Skull width (capsules) 0.73 = 0.03 —0.22 0.67 = 0.04 —0.12
Braincase width 0.83 £ 0.07 —0.67 0.79 + 0.09 —0.58
Parietal length 0.90 + 0.04 —0.47 0.82 + 0.12 —0.35

width of the skull, and premaxilla length. The
third component (PC 3) contrasts snout lengths
(maxillary and premaxillary lengths: ML, PML)
with the greatest length and width of the skull,
and with braincase width.

Whereas the relationship between INDEX and
TVL (Fig. 3) demonstrates a rough dichotomy
in the proportions of the neuro- and viscerocrania
in smaller cannibals and non-cannibals, dramatic
morphological convergence occurred between the
larger cannibals and non-cannibals. This con-
vergence implies that the larger head and skulls
of the cannibal morphs are not the result of an
independent hypertrophy of the trophic appara-
tus. Rather, the entire head expands as a unit
with each subcomponent increasing in size in pro-

portion with its contribution to the construction
of the head as a whole.

DiscussioN-—Ambystoma larvae display intra-
specific aggression at all body sizes. Even the
stomach contents of “non-cannibals™ (no evidence
of the cannibal skull morphology) often reveal
bits and pieces of conspecifics (Gollins and Hol-
omuzki, 1984). Consistent cannibal behavior in
Ambystoma tigrinum seems to appear around 20
mm TVL when these animals shift [rom micro-
phagy to macrophagy (Holomuzki and Collins,
1987). 1t is only at this size that a presumptive
cannibal’s head and mouth are large enough to
contain a conspecilic and macrophagy becomes
“cannibalism.” Lannoo and Bachmann (1984)

TABLE 4—Regression coeflicients (slopes and intercepts) for log-transformed linear regression of head measures

on TVL for large non-cannibals and cannibals.

Non-cannibal Cannibal

Variable Slope + Sk Intercept Slope + SE Intercept
Greatest skull length 0.88 = 0.09 —0.32 0.65 + 0.07 0.19
Greatest skull width 1.20 = 0.11 —0.85 0.79 + 0.07 0.00
Premaxilla width 1.00 + 0.09 —0.83 0.73 = 0.10 —0.26
Premacxilla length 1.46 = 0.10 —1.92 0.57 = 0.10 —0.16
Maxilla length 1.37 = 0.14 —=1.75 0.67 + 0.11 —0.34
Frontal length 0.98 + 0.08 —0.76 0.72 £ 0.13 —0.18
Vomer length 0.81 + 0.10 —0.80 1.07 + 0.25 —-1.23
Vomer width 0.93 £ 0.15 —1.53 0.99 + 0.22 —1.57
Skull width (capsules) 0.74 = 0.06 —0.29 0.64 = 0.06 —0.06
Braincase width 0.76 = 0.07 —0.56 0.71 = 0.10 —0.42
Parietal length 0.44 + 0.07 0.30 0.62 + 0.12 0.02
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TABLE 5-—ANCOVA comparisons of regression co-
efficients (slopes) among groups. Nonsignificant dif-
ferences between slopes = ns (Bonferroni P = 0.0045),
other characters reflect the group with the statistically

greater slope: small cannibals = “¢,” large cannibals
= “(,” small non-cannibals = “t,” large non-cannibals
—
Comparison
Small Small Large
vs.  Small canni- canni-
large  vs.  bals vs. bals vs.
non- large non- non-
can- can-  can-  can-
Variable nibals nibals nibals nibals
Greatest skull length ns ns t ns
Greatest skull width T ns t ns
Premaxilla width T ns ns ns
Premaxilla length T ns c T
Maxilla length T ns ns T
Frontal length T ns ns ns
Vomer length ns ns ns ns
Vomer width ns ns ns ns
Skull width (capsules) ns ns ns ns
Braincase width ns ns ns ns
Parietal length L ns ns ns

and Pierce et al. (1983) have examined whether
cannibals begin development with a bigger head,
or whether they exhibit accelerated growth
throughout development relative to non-canni-
bals. Lannoo and Bachmann (1984) showed that
cannibals do not start with a larger head. Instead,
the head of a cannibal simply grows more rapidly
than that of a non-cannibal from the start.

Pierce et al. (1983) compared the heads of much
larger cannibal and non-cannibal morphs on the
basis of a variety of skull measurements and ex-
ternal head dimensions. The heads of cannibals
were larger than those of non-cannibals, regres-
sion coellicients were smaller than those of non-
cannibals, and the extrapolated regression lines
intercepted the Y-axis at a higher point than did
comparable non-cannibal regressions. Pierce et
al. (1983) concluded that cannibals begin ontog-
eny with larger heads and then converge mor-
phologically with non-cannibals later in devel-
opment.

The apparent contradiction between the results
obtained in the studies by Lannoo and Bach-
mann’s (1984) and Pierce et al. (1983) is resolved
by considering the different data bases: Pierce et
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TABLE 6—Principal component analysis. Tabular
values are loadings of the eleven log-transformed char-

aclers.

Variable PC1 PC2 PC3
Greatest skull length 0.977 —0.163 —0.095
Greatest skull width 0.972 —0.187 —0.089
Premaxilla width 0.980 —0.122 —0.050
Premaxilla length 0.957 —0.171 0.206
Maxilla length 0.978 —0.029 0.125
Frontal length 0.987 0.002 0.046
Vomer length 0.964 0.203 0.014
Vomer width 0.942 0.271 0.031
Skull width (capsules)  0.986 0.019 —0.049
Braincase width 0.981 0.013 —0.084
Parictal length 0.964 0.174  —0.051
Eigenvalues 10.394 0.253 0.093
Proportion of original

variance 0.945 0.023 0.008

al. (1983) used large (90-125 mm SVL) animals
in comparison to the smaller (30-70 mm SVL)
animals that were cxamined by Lannoo and
Bachmann (1984). The present study comple-
ments both previous works by effectively com-
bining the two size ranges, 28-131 mm SVL (19-
102 mm TVL).

However, whereas my results generally sup-
port those of Lannoo and Bachmann (1984) that
many structures associated with the trophic ap-
paratus grow more rapidly in small cannibals,
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Fi1G. 3—Scatterplot of INDEX and TVL. Open
circles = typical larvae < 50 mm TVL; closed circles
= cannibal larvae < 50 mm TVL; open squares =
typical branchiates > 50 mm TVL; closed squares =
cannibal branchiates > 50 mm TVL. Note the con-
vergence of large cannibals and non-cannibals (open

and closed squares).
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they are not supported statistically at the I =
0.0045 level. The current regression analysis
shows, if anything, that head growth in large non-
cannibals is accelerated relative not only to small
non-cannibals but also with respect to the growth
rates exhibited by cannibals of all body sizes.

As convenient as it might be to consider each
skeletal component as an independent unit (i.e.,
for cladistic analyses; Andrews, 1987), each struc-
ture is instead an integral part of the surrounding
“functional matrix” (Moss, 1960). Changes in
size, function, and shape of each cranial bone are
effected by forces transmitted through the dura
and periosteum from adjacent suture systems,
synchondroses, muscles, and other adjacent or-
gans (DuBrul and Laskin, 1961; Silver, 1962;
Bosma, 1976; Blechschmidt, 1976a, 19766; Han-
ken, 1983). Whereas Moss (1960, 1975, 1976)
may exaggerate the role of soft tissues during
development by stating that skull growth is com-
pensatory and mechanically obligatory to head
growth, the predominant role of soft tissues in
skeletal morphogenesis has, nevertheless, been a
recurring theme in theories concerning cranial
evolution (Darwin, 1909; Blechschmidt, 1976a,
1976b; Hanken, 1983; Thorogood, 1988).

Accordingly, developing systems need to be most
plastic when one developmental stage or func-
tional demand gives way to another; e.g., meta-
morphosis in amphibians (Collins and Holo-
muzki, 1984) or, in the present case, when
osteogenesis replaces chondrogenesis during skel-
etal development (Miller, 1990). Therefore, it is
hardly surprising that cannibalistic behavior first
appears at a stage where developmental plasticity
is most capable of responding to the structural
demands of cannibalism. This stage coincides with:
1) the shift from microphagy to macrophagy, 2)
the ossification of the {limsy cartilaginous skull
(adjacent cartilages do not contact each other) into
a more robust form, and 3) the stage at which
the head becomes large enough to contain con-
specifics.

The enlarged vomerine bones of the cannibal
morph exhibit a characteristic buckling, and ex-
tend down into the oral cavity (Lannoo and Bach-
mann, 1984). This buckling appears early in de-
velopment, is retained by the large cannibals, and
may be associated with the early hypertrophy of
the vomerine teeth in cannibals (Pedersen, 1991).
I interpret the early accelerated growth of the
cannibal rostrum (VL, Fl, ML, PML) as a re-
flection of spatial (anatomical) competition and

vol. 38, no. 4

compensatory growth of rostral elements adjacent
to the expansive vomers. This prompts the fol-
lowing question: Could the hypertrophy of the
cannibal’s head be interpreted as the simple ex-
pansion of the existing functional matrix?

Expansion of the matrix needs only to engage
the developmental mechanisms that are already
in place to produce the compensatory growth nec-
essary to respond to increased structural de-
mands. With the advent of cannibalistic feeding
behavior, cranial hypertrophy is an epigenetic
amplification of a developmental system designed
to maintain the functional relationships between
affected subcomponents. If the conserved head
composition of the larger aquatic morphs is any
indication (INDEX; Fig. 3), the carly accelera-
tion in growth of the cannibal rostrum (though
statistically insignificant) is absorbed by a well-
integrated functional matrix, albeit a much larger
one than that found in non-cannibals. This may
also be reflected by the conserved allometry of
most cranial characters within and between can-
nibals and non-cannibal trajectories. Of partic-
ular interest, this mechanism does nol necessitate
a morphological or functional dichotomy between
cannibals and non-cannibals because it may gen-
erate an entire range of head sizes, the “cannibal
morph” merely occupying one extreme.

The smallest individuals in the current study
exhibited a “cannibal’s” wider head, with re-
curved teeth and a mounded vomerine patch at
20 mm TVL, a body size at which, I assume,
individuals are incapable of cannibalism. Al-
though Pierce et al. (1981) found no consistent
genetic differences between cannibals and non-
cannibals, the appearance of this highly derived
cannibal dentition at such a small size suggests a
genetic predisposition for the cannibal morphol-
ogy, as opposed to a structural response to du-
rophagy. However, the appearance of recurved
teeth in cannibals is spurious at best, with re-
curved teeth appearing on one side of the mouth
but not the other, only on the vomer, or on all of
the dentigerous bones; and recurved teeth may
appear randomly within an arcade of typical
straight teeth in non-cannibals (Pedersen, 1991).

Disscction of the cannibal carcasses revealed
that the external shape of the head was greatly
influenced by the deposition of large fat deposits
along the lateral aspect of the head as well as
around the base of the gills at the back of the
skull. This fat deposition in cannibals rounded-
out the dorsal head profile into the “U-shape”
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noted by many authors. I also observed that can-
nibal gills are hypertrophied in kind with the
head, their description is curiously absent from
the literature. Certainly, the extent to which these
enlarged respiratory surfaces effect changes in
cannibal growth rates, physiology, or feeding me-
chanics deserves further investigation.

To summarize, it is difficult to characterize
what constitutes a “cannibal morph.” Indeed, the
distinction between large and small heads at any
one TVL is arbitrary; dental recurvature is a
developmental mosaic (Pedersen, 1991), whereas
feeding performance and head shape are appar-
ently conserved (Reilly et al., 1992). I argue that
the term “cannibal” can only refer to the ingestion
of conspecifics. I strongly agree with Reilly et al.
(1992) in that any attempt to “pigeon-hole” the
extremes in dental and cranial morphology into
an identiliable trophic subset of a polymorphic
system would be, at the very least, misleading.
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