
lected for this research were deposited in the ento-
mology collection at California State UniversityÐ
Fresno unless otherwise stated.

To determine whether concolored and bicolored
ants differed in any of the measurements taken (Table
2), a series of two-tailed t-tests were conducted in SAS
version 9.1 (SAS Institute, Cary, NC) for each of the
measurements. Because the samples analyzed were of
different size and had different variances, the Satter-
thwaite correction was applied to the t-test.

Results

The bicolored ants were signiÞcantly larger than the
concolored ants over all measured features (two-
tailed tests) (Table 3). When these characters were
compared in bivariate plots, the slopes for each morph
also seemed visibly different (Figs. 2 and 3). Despite
these differences in characters between morphs, it
was determined that additional tests were required
because the size of ant workers studied was found to
be highly correlated with the altitude at which they
were collected (Fig. 4).

It could be argued that, due to the superÞcial mor-
phological similarity exhibited between the bicolored
and concolorous ants, that the bicolored ant is simply
a larger variant of T. sessile. The bicolored ants were
collected at altitudes of at least 800 m, whereas the
concolored ants were generally collected at much
lower altitudes (Fig. 4). BergmannÕs rule holds body
size increases with latitude or altitude. This size in-
crease may be related to different temperatures ex-
perienced at higher latitudes and altitudes (Schreider
1950). This temperature effect, also known as the
temperature size rule, has been demonstrated in �40
insect taxa and two species of Formicidae (Blancken-
horn and Demont 2004). The size of ant workers

studied seemed highly correlated with the altitude at
which they were collected and this correlation in size
had to be corrected for (Fig. 4).

Techniques such as principle components analysis
(PCA) have often been used to compare patterns of
morphological covariation. Analyses of covariation in
size and shape are often confounded by the inability
to distinguish size effects from shape effects (Somers
1986). Size refers to the magnitude of a given char-
acter, whereas shape describes the relationship be-
tween two or more characters (Sprent 1972). In a
PCA, the Þrst principle component of morphometric
data are an approximation of size. This component can
be extracted and used to standardize the data set so
that shapes are being compared without the con-
founding inßuence of size (Somers 1986, Tzeng and
Yeh 2002, Shingleton et al. 2009).

I used PCA to remove the component of size from
the data sets of the two morphs, and then I compared
the allometric vector angles between the two data sets
according to the method described by Shingleton et al.
(2009). The angle between the two allometric vectors
indicates their degree of similarity (Klingenberg
1996). The smaller the angle, the more similar the
allometric coefÞcient and consequently the null hy-
pothesis would be supported. For this analysis, the null
hypothesis tested was that the bicolored ants and the
concolored ants had the same multivariate allometric
vector after correcting for size (� � 0.05). After ex-
tracting size from the data set, the compared allomet-
ric coefÞcients of the bicolored and concolored ants
were signiÞcantly different (P � 0.002).

Discussion

Based on the multiple comparisons of morpholog-
ical characters of bicolored and concolored Tapinoma

Table 2. List of morphometric measurements and indices

Head length (HL) In full-face view, the midline distance from the level of the max posterior projection of the posterior
margin of the head to the level of the most anterior projection of the anterior clypeal margin. In
males, the posterior margin of the head was considered as the vertex between, and not including, the
ocelli.

Head width (HW) In full-face view, the max width of the head posterior to the compound eyes.
Minimum frontal carinal

width (MFC)
In full-face view, the min. distance between the frontal carinae.

Antennal scape length (SL) Measured from the apex of the Þrst antennal segment to the base, exclusive of the radicle.
Profemur length (FL) In posterior view, measured along the longitudinal axis from the apex to the junction with the

trochanter.
Metatibial length (LHL) In dorsal view, measured along the longitudinal axis from the apex to the level of the lateral condyles,

excluding the medial proximal condyle.
Pronotal width (PW) In dorsal view, the max width of the pronotum measured from the lateral margins.
Wing length (WGL) In males and queens only, the max distance between the base of the sclerotized wing veins to the

distal margin of the wing.
WeberÕs length (WL) In lateral view, the distance between the anterior margin of the pronotum to the posterior margin of

the metapleural bulla. For this study, WeberÕs length was measured only in queens because in
workers there is a ßexible articulation between the pronotum and mesonotum that can introduce
error as an artifact of specimen preservation.

Eye length (EL) In full-face view, the length of the compound eye along the longitudinal axis.
Eye width (EW) With the eye held in the focal plane facing the viewer, the max transverse width of the compound eye.
Eye size (ES) EL � EW � 100
Scape index (SI) SL/HL � 100
Cephalic index (CI) HW/HL � 100

All measurements taken from worker unless otherwise noted. From Wild (2004).
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