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ABSTRACT: Previous studies of sexual size dimor-
phism (SSD) use a variety of size dimorphism
indices (SDI’s) to quantify SSD. We propose that a
useful SDI should meet four criteria as follows; 1) it
should be properly scaled, 2) it should have high
intuitive value, 3) it should produce values with one
sign, (positive) when sex A is larger than sex B, and
the opposite sign when sex B is larger, and 4) it
should produce values that are symmetric around a
central value, preferably zero. Many previously pub-
lished SDI’'s do not meet any of these criteria, and
none meet more than three. We present an alterna-
tive SDI based on the mean size of the larger sex
divided by the mean size of the smaller sex with the
result arbitrarily defined as positive (minus one)
when females are larger and negative (plus one) in
the converse case. Careful selection of a primary
size variable is crucial to meaningful interpretation
of sexual size differences.

KEY WORDS: Sexual size dimorphism, Size dimor-
phism index.

INTRODUCTION

In most species of animals adult males and
females exhibit different mean body sizes. This phe-

nomenon, known as sexual size dimorphism (SSD),
has been the subject of intense study and controver-
sy. Reviews of SSD have been published for a diverse
array of taxa including invertebrates (Ridley and
Thompson, 1985; Wiklund and Karlsson, 1988; Fair-
bairn, 1990), fish (Feduccia and Slaughter, 1974),
amphibians (Shine, 1979; Woolbright, 1983; Halliday
and Verrell, 1986), reptiles (Shine, 1978; Berry and
Shine, 1980; Fitch, 1981; Stamps, 1983; Gibbons and
Lovich, 1990), birds (Amadon, 1959; Selander, 1966;
Earhart and Johnson, 1970; Sigurjénsdéttir, 1981;
Payne, 1984; Price, 1984; Lewin, 1985; Mueller and
Meyer, 1985; Temeles, 1985; Rising, 1987), and
mammals (Clutton-Brock et al., 1977; Clutton-Brock
and Harvey, 1977; Ralls, 1976; 1977; Myers, 1978;
Moors, 1980; Cabana et al., 1982; Leutenegger and
Cheverud, 1982; Cheverud et al., 1985; Greenwood
and Wheeler, 1985; Ralls and Harvey, 1985; Bon-
drup-Nielson and Ims, 1990). Despite the biological
significance of SSD and the importance of compar-
isons across phylogenetic groups, a general approach
for defining the degree of difference between the
sexes has not been developed. Our intent in this
paper is to propose a simple and universally applica-
ble method for quantifying SSD.

Two major theories have been proposed to explain
the evolution and maintenance of SSD. The first pro-
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poses that size differences between the sexes are the
result of selective factors not directly related to the
environment. Darwin (1871) envisioned sexual size
differences as a result of sexual selection, a selective
force unrelated to natural selection (Arnold, 1983),
in which characters that enhance access of one sex to
the opposite sex (usually of males to females) were
favored. Such characters include bright coloration,
hypertrophied morphological features (both unrelat-
ed to SSD), or large body size. Sexual selection can
result from; 1) intrasexual competition for mates,
usually in the form of male combat, or 2) epigamic
selection in which females choose among males
(Trivers, 1972). The sexual selection model has been
invoked by numerous investigators to explain the
evolution of SSD (Amadon, 1959; Moskovits, 1988;
Ridley and Thompson, 1985; Shine, 1986; Trivers,
1976; Vitt, 1983; Vitt and Cooper, 1985).

The second major theory suggests that SSD is a
result of ecological forces or natural selection, due to
differential interactions of each sex with its environ-
ment (Camilleri and Shine, 1990; Earhart and John-
son, 1970; Feduccia and Slaughter, 1974; Mueller
and Meyer, 1985; Schoener, 1966; Selander, 1966;
Shine, 1989; Slatkin, 1984). Several ecological mech-
anisms have been proposed that could account for
SSD, and they are reviewed in detail by Slatkin
(1984).

The conclusions offered by most previous studies
of SSD hinge ultimately on the accuracy of estimates
of SSD, and the relationship between those esti-
mates and other variables. Thus, a fundamental
starting point for studies of SSD is development of a
methodology to describe quantitatively the degree of
size difference between the sexes for the species or
population of interest. The methods that have been
used to do this are almost as numerous as the publi-
cations on the topic, suggesting the need for a more
general approach that is applicable to any group of
organisms. In this paper we review and evaluate
methods of quantifying SSD. In addition, we present
a general approach that we believe leads to a mean-
ingful interpretation of sexual size differences across
all phylogenetic groups. Our discussion is supple-
mented with data from a recent review of SSD in
turtles (Gibbons and Lovich, 1990).

DEFINITIONS

For the purpose of our discussion we define sexual
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size dimorphism as any statistically significant dif-
ference in the mean length or weight of sexually
mature organisms from the same population during
a given time interval. We define size as a measure of
distance along a major morphological axis, or as
body weight. Although the exact definition of “size”
is controversial, our usage is consistent with that
recommended by Bookstein (1989).

It is important to note that SSD can vary between
populations of the same species in degree and direc-
tion (Tinkle, 1961; Iverson, 1985; Ralls and Harvey,
1985; Rising, 1987; Gibbons and Lovich, 1990) due to
population-specific growth patterns, size-specific
mortality, and possibly food availability. Calcula-
tions of SSD should therefore consider potential
variation among populations. Gibbons and Lovich
(1990) demonstrated that even local populations of
the turtle Trachemys scripta exhibited different
degrees of SSD. Estimates of SSD can also vary
though time. Pizzimenti (1981) reported an increase
in SSD in prairie dogs in less than 100 years as a
result of human disturbance, although sampling bias
may have contributed to this trend. Recognition of
potential interpopulational and temporal variation
in estimates of SSD is necessary in any analysis of
sexual size differences.

SELECTING AN APPROPRIATE SIZE
DIMORPHISM INDEX

One approach for identifying general phylogenetic
patterns of SSD within a group of animals is to
establish which sex, if either, is larger among a large
number of taxa (e.g., amphibians - Shine, 1979;
snakes - Shine, 1978; turtles - Berry and Shine,
1980; mammals - Greenwood and Wheeler, 1985;
birds - Héglund, 1989). The procedure of rating
species on the basis of the direction of SSD has the
advantage of permitting broad phylogenetic compar-
isons but the disadvantage of not permitting the
ranking of species on the basis of degree of dimor-
phism. Also it does not allow quantitative compari-
son of populations that can demonstrate levels of
variability within a species.

The use of a size dimorphism index (SDI) has
been proposed by numerous authors to quantify the
degree of SSD exhibited by a species or population.
However, the variation in methods of calculating the
SDI has been extensive, and the diversity of methods
has, in some instances, hampered comparisons
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TABLE 1.
Selected list of references that used the simple ratio of size of one sex divided by size of the
opposite sex. The existence of one or both directions of sexual size dimorphism among
species in the taxa studied is indicated.

SEX ASSIGNED
TO NUMERATOR
REFERENCE M F M F

LARGER SEX
BOTH

>

Adams and Greenwood (1983)
Bondrup-Nielson and Ims (1990) X
Carothers (1984)

Clutton-Brock et al. (1977)
Clutton-Brock and Harvey (1977)
Dunham et al. (1978)

Fairbairn (1990) X
Fitch (1981) X
Iverson (1985)

Moors (1980)

Mueller and Meyer (1985)
Payne (1984)

Ralls (1976)

Ralls and Harvey (1985)
Ridley and Thompson (1985)
Shine (1988)

Singer (1982)

Stamps (1983)

Wiklund and Karlsson (1988)
Woolbright (1983)

R aRalal
PP M M N

PAPL A
>
o

o
P A
P 4

>

mean that a reader would be able to look at
an SDI and determine the actual degree of
SSD exhibited without referring to the for-
mula used to calculate it. SDI's based on log
transformations or complex formulas do not
possess this property and by our definition
exhibit low intuituve value. We prefer to

among phylogenetic groups. Methods for calculating
an SDI are roughly divisible into two broad classes:
those based on a ratio, and those based on a differ-
ence. We propose that a useful SDI should meet four
criteria.

1) First, it should exhibit proper scaling. For

example, consider the situation in which
mean body size of one sex is exactly two
times greater than mean body size of the
opposite sex and let the SDI equal X. If
mean body size of the larger sex is four times
greater than mean size of the opposite sex,
then the calculated SDI must equal 2X, if
the SDI is properly scaled.

2) Second, the SDI should produce measures

that have high intuitive value. By this we

think of SSD in terms of size superiority of
the larger sex, not size inferiority of the
smaller sex. Thus, the situation where mean
female body size is 1.70 times larger than
mean male body size should generate an SDI
of 1.70, not 0.59 (the inverse of 1.70).

3) Third, a useful SDI should exhibit direction-

ality. In other words, situations where one
sex is larger than the other would have
SDI’s preceded by a positive sign, whereas in
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the converse situation the sign would be
negative, thus providing the reader with
information concerning the directionality of
SSD.

4) The fourth and last characteristic that we
consider to be desirable in an SDI is symme-
try around a central value, preferably zero,
where the sexes exhibit equal mean body
size. We define symmetry as follows. Consid-
er the case where females are N times larger
than males and let the SDI = X. In the case
where males are N times larger than
females the SDI must = -X to be symmetric.
Thus, this criterion is directly related to the
directionality criterion mentioned previously.

We do not consider this list of criteria to be either

exhaustive or indispensable under all circumstances.
Some criteria are admittedly arbitrary, but they pro-
vide at least a basis for reviewing the characteristics
of each of the many published SDIs. It is important
to note that the nature of the question asked by an
investigator will largely determine the choice of an
SDI. However, we believe that application of the cri-
teria suggested above results in an SDI with high
utility and generality.

SDI’s Based On Ratios

The most common class of SDI's is based on
ratios. The simplest and most widely used is the
ratio of mean size of one sex divided by mean size of
the opposite sex (Table 1). The assignment of sex to
numerator or denominator has been inconsistent
among studies but remains constant within a specif-
ic analysis. To evaluate the performance of the sim-
ple ratio based SDI, relative to our criteria for a use-
ful SDI, we plotted SDI values against various
hypothetical size dimorphism scenarios (Figure 1a).
The simple ratio SDI is properly scaled for situations
where the same sex is always larger than the oppo-
site sex, and the larger sex is placed in the numera-
tor. When taxa are considered that exhibit both
directions of SSD (i.e., male size superiority in some
taxonomic subunits and female size superiority in
other subunits), or when the smaller sex is placed in
the numerator, the relationship exhibits curvilinear-
ity characteristic of improper scaling. Numerous ref-
erences in Table 1 have analyzed data for taxa
exhibiting both directions of SSD and are thus
potentially biased due to scaling problems. The intu-
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itive value of the simple ratio SDI is high for situa-
tions where one sex is always larger, but becomes
somewhat lower when both directions of SSD are
exhibited. The loss of intuitiveness occurs when the
smaller sex is placed in the numerator. In this case,
SDI’s become less than one, and the SDI reflects the
inverse of size superiority of the larger sex. Finally,
the simple ratio SDI does not exhibit directionality
and is not symmetric around a central value.

Cabana et al. (1982) and Gaulin and Sailor (1984)
used the logarithm of the simple ratio of size of one
sex over size of the opposite sex. This formula gener-
ates SDI values that are curvilinearly symmetric
around zero with the desired directionality charac-
teristic showing which sex has size superiority (Fig-
ure 1b). However, it exhibits improper scaling and
has low intuitive value due to logarithmic transfor-
mation.

One SDI that gained widespread acceptance after
its first use by Storer (1966) has the formula

female size - male size )
male size + female size /-

Others that have used “Storer’s Index” or a modi-
fication thereof include Earhart and Johnson (1979),
Keppie and Redmond, (1988), Pleasants and Pleas-
ants (1988), Rising (1987), and Temeles (1985). This
SDI is symmetric around zero and exhibits direction-
ality (Figure 1c). However, it exhibits improper scal-
ing and has low intuitive value. The SDI value of
120, associated with situations in which one sex is
four times larger than the other has little intuitive
value. Keppie and Redmond (1988) used a modifica-
tion of Storer’s Index of the form

SDI =200

SDI _100 (size of larger sex - size of smaller sex)
size of both sexes combined

This SDI is affected by two of the same problems
as Storer’s: improper scaling and low intuitive value.
Beyond that, it is not symmetric around zero and
does not exhibit directionality (Figure 1d).

The most recent variation of the ratio theme
was proposed by Hoglund (1989) using the formula

SDI = male size - female size
female size

This formula generates SDI values with some-
what reduced intuitive value for situations where
the male is the larger sex since the SDI represents
the actual magnitude of difference minus one. SDI
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6 0.8
A B
5}
0.4
4
2-.
-0.4
‘?'
Oxrw.xinuvrr1 -8 7T T T T
8x 4x 2 8 2x 4x 6x 6x ax 2‘.—; 2x ax 6x
é>2 -4 2> 4 d>? g 354
DEGREE OF §8D DEGREE OF SSD

Figure 1a: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios.
SDI = male size/ female size.

Values to the right of “equal” on the abscissa designate situations where the female is increasingly
larger than the male.

Figure 1b: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios.
SDI = log (male size / female size).

Abscissa labeled as in Figure la.
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Figure lc: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios.

mean female size - mean male size
mean male size + mean female size

SDI =200 x (

Abscissa labeled as in Figure l1a.

Figure 1d: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios.

_ 100 (mean size of larger sex - means size of smaller sex)
SDI = - -
mean size of both sexes combined

Abscissa labeled as in Figure 1a.
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Figure le: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios

male - female size

SDI = female size

Abscissa labeled as in Figure 1a.
Figure 1f: The relationship between SDI values and various hypotheical sexual size dimorphism scenarios.
SDI = log (male size - female size).

Abscissa labeled as in Figure 1la.
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Figure 1g: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios.

SDI = size of largest sex
size of smallest sex
Arbitrarily defined as positive when females are larger and negative in the converse situation.
Abscissa labeled as in Figure 1a.

Figure 1h: The relationship between SDI values and various hypothetical sexual size dimorphism scenarios. Abscissa
labeled as in Figure la.

size of largest sex

size of smallestsex” ) * 1 if males are larger or,

sp1=(

_ [ sizeof largest sex Y
SDI = ( size of smallest sex ) 1 if females are larger.

Arbitrarily defined as positive when females are larger and negative in the converse situation.
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TABLE 3.
Evaluation of size dimorphism indices (SDI’s) used by the references indicated to quantify sexual size
dimorphism. Symbols are as follows: a plus indicates that the criterion is met, and a minus indicates that the
criterion is not met. Refer to text for a discussion of criteria and computational details.

CRITERIA
Intuitive Proper Symmetry about

SDI Comment Directionality value scaling central value
“Ratio” see Table 1 - - - -
Cabana et al. (1982) + - - +
Storer (1966) + - - +
Keppie and Redmond

(1988) - - - -
Leutenegger and

Cheverud (1982) - - - -
Hoglund (1989) + - - -
Gibbons and Lovich (1990) + + + +1
This study “Compressed” + +2 + +

1Symmetric around the hypothetical midpoint one and negative one simultaneously.
2Actual degree of sexual size dimorphism is one more than calculated when females are larger than males

and one less in the converse situation.

values with low intuitive value are generated for sit-
uations where females are the larger sex (Figure le).
Similarly, values are properly scaled when males are
larger but improperly scaled when females are larg-
er. It does exhibit directionality but is asymmetric
around zero, the point of size equality.

SDI’s Based On A Difference

The other major class of SDI’s that has been used
in the published literature is based on differences
instead of ratios (Leutenegger and Cheverud, 1982;
Gaulin and Sailor, 1984; Cheverud et al., 1985; Ralls
and Harvey, 1985; Thorpe, 1989). A potential disad-
vantage of this approach is that the SDI's generated
do not reflect the proportional degree of size differ-
ence between the sexes. Leutenegger and Cheverud
(1982) used the logarithm of the difference between
male and female weights in their statistical analysis
of SSD in primates, with female weight always being
subtracted from male weight. The performance of
this SDI is shown in Figure 1f. The curvilinear rela-
tionship shows that the SDI exhibits improper scal-

ing. In addition, the relationship is not symmetric
around a central value, does not exhibit directionali-
ty, and the associated SDI’s have low intuitive value.
A limitiation of this SDI stems from the fact that a
logarithm cannot be taken of zero or a negative num-
ber. Thus, this technique cannot be used to calculate
an SDI for situations where the sexes are equal in
size. If both directions of SSD are exhibited between
the sexes, one direction will generate a negative
number that cannot be used to calculate an SDI.
Because of this problem Leutenegger and Cheverud
(1982) were forced to analyze only those primate
species where males were larger than females. The
correlational patterns they reported may not have
been significant if species exhibiting female size
superiority (n=7 in their study) had been included in
the data.

Gaulin and Sailor (1984) recognized the limita-
tions that Leutenegger and Cheverud’s formula
imposed and modified it by adding a small constant
(c) to the difference between male and female pri-
mate body weight such that
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TABLE 4.
Correlations between sexual dimorphism indices for hypothetical sexual
size dimorphism scenarios (n=11) as shown on abscissas of Figures 1a-1i.
SDP’s are coded as follows: A=Storer (1966), B=“Ratio” (Table 1), C=Kep-
pie and Redmond (1988), D=Cabana et al. (1982), E=“Compressed” (this
study), F=Leutenegger and Cheverud (1982), G=Héglund (1989). Corre-
lations between the SDI “F” and others are based only on situations
where males are larger than females (n=>5) since the formula used by
Leutenegger and Cheverud (1982) is undefined for the converse
situation or sexual size equality.

SDI
SDI A B C D E F
B  -0.9254
C 0 0.3092
D -0998 09326 O
E 09762 -09374 O -0.9866
F -09998 09732 09998 0.9973 -0.9732
G -09254 1.0000 0.3092 09326 -0.9374  0.9732

SDI=log (male weight - female weight + c).

Given the range of body weights in their data set,
addition of the constant 0.3 kilograms prevented sit-
uations that would produce a negative number prior
to taking a logarithm. It is important to note that
the constant ¢ must be selected to ensure that the
quantity

(male size - female size + ¢

is greater than zero. In spite of their adjustment,
this SDI, like Leutenegger and Cheverud’s, exhibits
improper scaling, is not symmetric around a central
valve, and does not exhibit directionality. A far
greater problem of previously published SDI's based
on a difference is the fact that they produce identical
values for different SSD scenarios. For example, in
Table 2 of Gaulin and Sailor (1984) they show that
their SDI is equal to 0.72 for the situation where
male and female weights are 55 and 50 respectively,
as well as for the situation where male and female
weights are 10 and 5 respectively. Thus, their SDI
classifies taxonomic units as equally dimorphic when
the absolute difference in body weight between the

sexes is equal. This condition places serious limita-
tions on the applicability of SDI's based on the log of
a difference.

Recommended SDI

Given that previously published SDI’s do not meet
our suggested criteria, we previously presented an
alternative formulation based on the simple ratio of
size of the larger sex divided by size of the smaller
sex, with the result arbitrarily defined as positive
when females are larger than males and negative in
the converse situation (Gibbons and Lovich, 1990). A
similar approach was used by Sigurjénsdéttir (1981),
but without the directionality stipulation. Our previ-
ous approach produces SDI values that meet all the
criteria proposed for a useful SDI except the symme-
try criterion (Figure 1g).

A serious limitation of the formula proposed by
Gibbons and Lovich (1990) is that values are sym-
metric around one and negative one simultaneously.
The resulting discontinuous function presents a
problem when one is attempting to use a set of bidi-
rectional SDI’s in a regression or correlation analysis
since they are not continuous and are undefined for
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zero. For statistical purposes, the problem is solved
by producing a “compressed” SDI by adding one to
situations where males are larger than females and
subtracting one from situations where females are
larger than males. This results in a set of SDI values
that are symmetric around zero (Figure 1h). There is
a slight loss of intuitive value because one has to be
added to or subtracted from the compressed value,
depending on the direction of dimorphism, to reflect
the true proportion of SSD. Despite the minor quali-
fication, this mathematically simple and easily
understandable formula is applicable to all SSD
scenarios.

SELECTING AN APPROPRIATE VARIABLE

The measure of body size, whether based on
length or mass, will influence the perception of the
degree of difference between the sexes and must be
considered in comparisons within and among
species. For example, the use of body mass usually
results in greater estimates of SDI than those based
on linear measurements. Gibbons and Lovich (1990)
examined this relationship using data from the tur-
tle Trachemys scripta. We reported that SDI's close
to those obtained from length measurements can be
derived by using the means of the cube roots of body
mass of each individual or using the cube roots of
overall mean body mass. Cubing the plastron length
measurements produces SDI's appreciably higher
than those calculated from body mass. It is impor-
tant to note that the use of body mass may adversely
affect estimates of dimorphism because of the pres-
ence of eggs in females (Stamps, 1983). Amadon
(1959) noted that in some species of birds the female
may temporarily outweigh the male during the lay-
ing season even though the male is considered to be
larger at other times based on skeletal or other mea-
surements. The parasitic load (Rose et al., 1989),
osmotic condition and recent feeding history of speci-
mens also need to be considered when using weight
as a measure of body size (Iskjaer et al., 1989).

Published measures of body size are usually based
on some major linear component of an animal’s body
form. Lovich et al. (1990) illustrated the importance
of selecting an appropriate variable to represent
body size in an analysis of SSD in the wood turtle
(Clemmys insculpta). Measures of body size in tur-
tles are usually based on straightline length of the
upper shell (carapace length=CL) or the lower shell
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(plastron length=PL). In the case of C. insculpta,
mean adult male body size is significantly larger
than mean adult female body size when based on CL
but not when based on PL. This apparent paradox is
due to differential linear growth rates of CL and PL
between the sexes. Male C. insculpta develop pro-
nounced plastral concavity as they mature (Ernst
and Barbour, 1972), an adaptation that helps to
maintain proper position during coitus. Development
of this feature occurs at the expense of linear
increases in PL. The result, in males, is that linear
increases in CL are more rapid than linear increases
in PL. This allometric situation clearly illustrates
the importance of selecting an appropriate measure
of body size for studies of SSD. In the case of C.
insculpta, linear measurement of CL is a better mea-
sure of body size than PL.

SELECTING THE PROPER STATISTIC

In comparisons of the degree of SSD between
species or between populations within a species, the
consistent use of a statistic is imperative. For com-
paring the degree of SSD, the mean of the total sam-
ple of adult males and females has been used most
frequently among most groups of animals. The tradi-
tional use of the mean is reasonable since the mean
body size of an organism should be a reflection of the
effect of natural selection on that trait. Alternatively
some authors have used some portion of the largest
individuals in a sample to designate body size in a
population (Soulé, 1966; Case, 1976; Berry and
Shine, 1980). Fitch (1981) presented ratios for a vari-
ety of reptile species based not only on the sample
mean, mode, median and maximum, but also on the
mean of the 10, 5 and 3 largest adult individuals of
each sex. He concluded that for most species all
ratios, except the one based on the largest individual
of each sex, were close approximations of the ratio
obtained from the mean sizes. However, in most pop-
ulations of the turtle Trachemys scripta reported by
Gibbons and Lovich (1990), a progressive increase
occurs in the degree of SSD as the sample size of
largest specimens is increased (Table 2). The data
for several populations of 7. scripta with large sam-
ple sizes indicate that in this species the mean and
median are always close to each other and are often
identical. In contrast, the SDI's calculated from the
mode can differ substantially from those based on
the mean. Use of the largest individuals of each sex
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can result in an interpretation of SSD that is oppo-
site of that suggested by data based on mean body
size. Lovich et al. (1990) concluded that male wood
turtles were significantly larger than females based
on mean CL. However, the largest female was larger
than the largest male. Use of exceptionally large
individuals provides little information on population-
specific size distributions.

A STATISTICAL CAVEAT

It is important to note that ratios may violate dis-
tributional assumptions necessary for some statisti-
cal analyses (Atchley et al., 1976; Albrecht, 1978).
Artificially generated ratio data tend to be skewed to
the right and leptokurtic with departures from nor-
mality increasing as magnitude of the denominator
coefficient of variation is increased (Atchley et al.,
1976). For parametric analysis these departures
from normality can often be corrected with an arc-
sine-square root transformation (Sokal and Rohlf,
1981). Alternatively, nonparametric techniques may
be more appropriate. Determination of the proper
analytical technique will depend largely on the char-
acteristics of the particular data set and the ques-
tions asked by the investigator.

CONCLUSION

There has been little consistency in the use of a
particular variable, statistic, or size dimorphism
index in studies of sexual size dimorphism. This is
due to the complexity of the problem, the nature of
questions asked by an investigator, and situation
specific constraints. In an effort to achieve a “com-
mon currency” we have reviewed published SDI’s
and evaluated their performance under a recom-
mended set of criteria (Table 3). Few SDI's are
entirely satisfactory, especially under conditions
where both directions of SSD are exhibited by the
taxonomic group of interest. Differences among
SDI’s are dramatic as shown by their pairwise corre-
lations (Table 4) that range from 0-1. It is important
to note that the main cause of inverse correlation,
low correlation, or no correlation is generated by
strict adherence to the computational formula used
by a particular author. In other words, part of the
problem is due to comparing SDI’s where the sex
assigned to the numerator is often different between
techniques (Table 1). In many cases, the sex in the
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numerator could be switched with the sex in the
denominator thus improving the correlation and its
direction (positive vs negative relationship). Howev-
er, this approach lacks generality and provides fur-
ther support for the technique we propose. The “com-
pressed” SDI we present is not intended as a global
panacea. Instead, it is presented on the basis of its
useful characteristics that are applicable and poten-
tially beneficial to the majority of studies on SSD.

Quantification of SSD also requires a thorough
understanding of allometric relationships between
size variables. Selection of an inappropriate variable
can lead to erroneous conclusions regarding SSD. In
the case of data reported for the wood turtle, use of
linear plastron length leads to the conclusion that
the sexes attain equal mean adult body sizes (Lovich
et al., 1990). This is inconsistent with the fact that
males do indeed achieve overall mean size superiori-
ty relative to females. Similar errors are conceivable
in other taxa given the number of size variables
reported. Interpretation of sexual size differences
must be tempered with caution in selecting an
appropriate variable and statistic.
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Facial Growth in the Rhesus Monkey, A Longi-
tudinal Cephalometric Study, by Emet D. Schneider-
man, Princeton University Press, 1992, xiii plus 217
pages, $39.50 US - Foreign £30.00, ISBN 0-691-
08749-0.

This volume, derived from a 1985 doctoral thesis,
has been brought up to date with literature up
through 1990. Intended neither for simple reading
nor for easy reference, it is a highly focussed effort
directed at specialists. Schneiderman’s cautious and
exploratory approach and his emphasis on methodol-
ogy and appropriate statistical treatment have gen-
eral relevance to growth studies, but the actual
results of the study will probably be of particular
interest only to orthodontic researchers and others
whose work concentrates on the jaws.

The longitudinal sample consists of serial head x-
rays taken of 35 rhesus macaques with surgically
implanted bone markers. The analysis is in the
ancient tradition of cephalometric studies in that the
variables are dimensions, angles and displacements
considered in lateral view. Only size, growth veloci-
ties and accelerations of the elements are tracked;
morphometric shape analysis is not included. How-
ever, the treatment is unconventional in its handling
of the longitudinal data. Schneiderman criticizes
standard growth curve analyses,which use methods

from cross-sectional studies, and advocates multi-
variate methods derived from the work of Rao and
Hills. Both his reasoning and the model study pro-
vided are convincing, and in my opinion this method-
ological advance is the major contribution of the
book.

Although most valuable as a model for longitudi-
nal studies, some readers will have more specific
interests. Tables are included in an appendix, and
these may prove useful as control data for laborato-
ry-reared rhesus monkeys. The study provides some
information on moot areas in cranial growth. Per-
haps most interesting is the suggestion that growth
at the mandibular condyle is more likely to be a
cause than a consequence of growth rotations of the
jaws.

While generally clear in writing style (except for a
few awkward stacks of nouns used as adjectives), the
book does not cater to the casual reader. For exam-
ple, the results are presented as a series of graphs,
primarily of growth velocities, beginning on p. 76,
but the symbols for the graphs are not given in the
captions but are buried in the text on p. 63. The fre-
quent but minor typos feature missing or extra
words and verb-subject disagreements in complicat-
ed sentences. Figures are good, but minimal. The
production of the book is handsome.




