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ABSTRACT. — Macroecology aims to reveal hidden patterns in species-level traits
over large spatial scales. One important species characteristic is body size. The pa-
rameter used to characterize body size distributions (BSD) for individual data is the
mean of any variable representing — or related to — size, including: body length,
body mass, forewing length, wing span or cephalothorax length, depending on the
animal group. An appreciable proportion (21%) of the species of Iberian ants with
workers show varying degrees of different body size (due to polymorphism or by
highly variable monomorphism). Taking into account this specific variation in all
Iberian BSD, we have explored the effect of a) the range in body size for those va-
riable species, or b) only the maximum attained body size. No effect was detected
in either case indicating that the mean dry body mass for individual data in Iberian
ants, polymorphic species included, is a robust and adequate means of measuring
the macroecological patterns of BSD. The mean dry mass for Iberian ants is 0.72 +
1.01 mg and the median dry mass 0.30 mg (n = 242). For functional studies of local
communities it is probably wise to take into account the variable degree of poly-
morphism.

RESUME. — La macroécologie, 1’étude de la répartition de 1’espace physique et des
ressources écologiques parmi les espéces, tente de démontrer des patterns dans cer-
tains traits spécifiques a des échelles spatiales assez larges. Un trait spécifique trés
important est la taille corporelle. Pour caractériser la distribution spécifique de la
masse corporelle, le paramétre utilisé pour les données individuelles est 1a moyenne
des variables représentant la taille (longueur du corps, masse, longueur de 1’aile an-
térieure, envergure des ailes, longueur du céphalothorax, selon les différents grou-
pes). Chez les especes de Fourmis ibériques ayant des ouvriéres, une proportion
non négligeable (21%) montre un degré de polymorphisme. Ce fait est di a la pré-
sence d’espeéces polymorphes et d’especes monomorphes qui présentent une forte
variation. Pour contréler I’importance de cette variation corporelle nous avons étu-
dié I’influence sur la distribution spécifique de la masse corporelle (matiere seche),
a) du rang de variation, et b) du maximum de la masse corporelle atteinte. Aucun
effet n’a été détecté ce qui indique que la moyenne de la masse corporelle est un pa-
rametre adéquate et robuste pour caractériser les patterns macroécologiques de la
taille des Fourmis. La moyenne (% d.s.) des masses corporelles (matiere séche) des
Fourmis ibériques est de 0.72 + 1,01 mg et la médiane 0,30 mg (n = 242). Pour des
études fonctionnelles a des échelles locales, il est probablement plus judicieux de
tenir compte du polymorphisme.

INTRODUCTION 1995). Species-level traits such as body size, geo-
graphic range, or abundance, are analysed over
large spatial scales and plotted on bivariate plots,

Macroecological patterns are expected to reveal sometimes showing strikingly characteristic shapes

unapparent properties of how species divide and
share physical space and ecological resources
(Brown & Maurer 1989, Rosenzweig 1995, Brown

that call for a biological explanation. Body size is
one extremely informative characteristic of any
given species (Peters 1983, Calder 1984). The spe-
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cies body-size distribution (BSD) of a given group
of organisms at different scales has received con-
siderable attention recently. In particular, BSD in
local communities tends to be log-uniform (how-
ever, see Schoener & Janzen 1968 for an example
of the reverse) and is said to turn to log-skewed at
the continental scale. This has been shown both for
mammals (Brown & Nicoletto 1991, Maurer ef al.
1992, Blackburn & Gaston 1994a, also see Bakker
& Kelt 2000) and birds (Maurer et al. 1992,
Blackburn & Gaston 1994b). The parameter used
to characterize body size distributions (BSD) for
individual data is the mean of any variable repre-
senting — or related to — size (body length, body
mass, forewing length, wing span, cephalothorax
length, average for male and female, depending on
the animal group) (Blake et al. 1994, Brown &
Maurer 1989, Novotny & Kindlmann 1996, Bakker
& Kelt 2000). For taxa with a variable adult body
size, such as fish, it is not clear which summary
statistics should be used (mean, maximum body
size) or what its effect is, if any, on the BSD
(Blackburn & Gaston 1994b); Brown (1995) ob-
served that a certain measure of variation, such as
standard deviation or range of extreme values
might also be used.

Ants are a very distinct group in the sense that
body size may vary greatly because of polymor-
phism. This variation has considerable importance
in the functioning of ant colonies given that ants of
distinct sizes have different functional roles
(Holldobler & Wilson 1990). Therefore, when con-
sidering ants, the question of which variable to use
when analysing body size distributions is not a triv-
ial issue (nor is it, indeed, for the majority of or-
ganisms, in which different stages, from juvenile to
adult, are functionally present within the field;
however this aspect has not been considered as far
as we know). In species of Iberian ants with work-
ers, an appreciable proportion of the species (21%)
show variation in body size (due to polymorphism
or to highly variable monomorphism). In a recent
analysis of Iberian ant sizes (Gémez & Espadaler
2000) the mean dry body mass for all species was
used, without taking the degree of polymorphism
into account. Here we explore the manner in which
two distinct variables, specific body size range and
specific maximum size influence the distribution of
Iberian ant body sizes at different scales. We have
found that mean body size is an adequate and ro-
bust parameter for central tendency in analyses of
body size distributions even when polymorphic or
highly variable monomorphic species are consid-
ered. We also explore the effect of body size range
and specific maximum size on the relationship be-
tween body size and latitude (Cushman ez al. 1993)
as well as on the BSD, depending on spatial scale
(local vs. peninsular) (Brown & Maurer 1989,
Blackburn & Gaston 1997).

MATERIAL AND METHODS

Methodological consideration: In a previous study
(Gomez & Espadaler 2000) a single formula (Kaspari
1999, Table V, all ants) for deriving biomass was used
for the five subfamilies of ants found in Iberia. As four
of the five subfamilies of Iberian ants have their own
formula —the exception being the Leptanillinae, for
which we used the general formula— we used those sub-
family formulas to derive new body masses for each spe-
cies. This consideration applies to all details that
follows.

The data base: Using the mean size, the maximum
size and taking into account the polymorphism we have
generated three data sets of body size distribution for the
updated (October 2001) list of 242 Iberian ant species
with workers. Workerless parasitic species are not inclu-
ded. Polymorphism was categorized as follows: a) body
size classes were stated using a width of 0.3 at a log;,
scale ( ~ 2 mg dry mass); b) for monomorphic species,
we used mean body mass, which pertained to a single
class; ¢) for polymorphic species, we used two (mini-
mum, maximum) or three (minimum, mean, maximum)
body mass values, which fitted into one, two or three
body mass classes, depending on the body mass range.
In total, 191 species belonged to one size class, 40 spe-
cies to two size classes and 11 species encompassed
three size classes. Throughout this paper, dry body mass
has been analysed, transformed as log;, dry body mass,
but has been presented as non-transformed. Means are
given £ S.D. Analyses were run under Statistica 5.01
(Statsoft, Inc.; Tulsa, OK) and consisted of pairwise
comparisons of different BSD aspects generated when
using the three data sets. Means were compared with
ANOVA and post-hoc tests when needed, medians with
a Kruskall-Wallis test and distributions with a Kolmogo-
rov-Smirnov test. Regression analysis was used to test
for a relationship between latitude and mean dry body
mass. Bootstrappings were obtained with Simstat for
Windows 2.0 (Provalis Research; Montreal, QC).

RESULTS

Peninsular body-size distribution

The frequency distribution of dry masses spans
more than three orders of magnitude: the biggest
worker ant (Messor barbarus, dry mass 16.98 mg)
is >4000 times heavier than the smallest ant
(Leptanilla charonea, dry mass 0.0038 mg). When
using the updated data base of 242 ant species —
workerless species not considered-and the specific
formulas for each subfamily (Table I) neither the
mean dry body mass (ANOVA; F,5 =0.14;
p=0.70) nor the median (Mann-Whitney test;
z=0.14; p=0.88) were different from those ob-
tained using the general formula for all
Formicidae. Nor was the distribution different
(Kolmogorov-Smirnov test; max. dif. 0.049;
p>0.1) when using the specific or general for-
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Fig. 1. — Frequency distribution (BSD) of logjo dry
body mass of workers of Iberian ant species (n = 242)
using different parameters. A: mean, using a single for-
mula to estimate body mass from head length (Kaspari
1999; Table V, All ants). B: mean, using a specific for-
mula for each subfamily (Kaspari1999, Table V but for
Formicinae in which we used the formula: dry
mass = 0.4101(head length) 2.6814 (deduced from
Espadaler & Gomez 2001). C: using the degree of size
variation for polymorphic species (see text); two new
bigger classes appear. D: using the upper limit (maxi-
mum) of body size.

mula. The body mass of the five subfamilies of
Iberian ants was strongly divergent between
subfamilies (TableI). We compared each
subfamily using two kinds of formulae and the in-
teraction term in ANOVA; no statistical difference
(F4.473 = 0.94; p = 0.43) in the mean body mass was
detected, neither when the dry body mass was esti-
mated with the formula for each subfamily, nor
when it was estimated with a general formula for
the family Formicidae. In spite of the absence of
statistical differences, in the work that follows we
used the BSD generated with the specific
subfamily formulas because, even if the difference
is minimal, it is still more correct.

Formal tests of normality (Lilliefors & Shapiro-
Wilks” W test) were conducted on the three BSD
(using the mean, the maximum or polymorphism).
Lilliefors test rejected normality in the BSD when
using maximum size (p <0.01) and the Shapiro-
Wilks’ test rejected normality in the BSD using the
mean (p < 0.01) and the maximum size (p < 0.02).
Neither test rejected normality in the BSD using
polymorphism (p <0.15 and p < 0.06).

Variable to characterize body size and local
assemblages

Although to the naked eye, certain differences
can be seen in the BSD depending on the variable
used (mean, polymorphism, maximum; Fig. 1, Ta-
ble I), there are no statistical differences between
the means of BSD based on mean body size or on
polymorphism (ANOVA, F; 755 =2.76; p = 0.063),
between the medians of BSD (Kruskal-Wallis test;
H; 733 = 4.6; p = 0.09) or between all distributions
of BSD (Kolmogorov-Smirnov tests; p > 0.1 for all
possible pairs of comparisons). A separate compar-
ison of the BSD mean and median for local inven-
tories at the smallest scale (< 10 km?2) and for dif-
ferent localities also failed to show any
differences, whether the mean dry body mass or
polymorphism were used (Kruskal-Wallis and
Kolmogorov-Smirnov tests; p>0.1). These latter re-
sults are not presented here.

Local assemblages on Iberian ants

We applied a bootstrapping procedure to test if
the local assemblages were a random sub-sample
of the entire Iberian BSD or were different in a sys-
tematic way, as is usually assumed (Brown &
Nicoletto 1991, Gaston & Blackburn 1996, but see
Bakker & Kelt 2000). We drew 1000 random
sub-samples from the entire Iberian BSD, with the
same number of species for a given locality. The
proportion of those simulations that were less than
the observed median was taken as an indication of
the failure to reject the null hypothesis of no differ-
ence between the two assemblages: in no case was
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Table I. — Top, Dry body mass (mg) of Iberian ants ac-
cording to subfamily. Different superscripts indicate sta-
tistical differences by a post-hoc Tukey’s test (unequal
n) following ANOVA (F4, 237=34.4; p<001l).
N = species number. Mean dry mass calculated from raw
data: 0.72 £ 1.0l mg; median dry mass: 0.30 mg
(n=242). The mean corresponds to Myrmica wesmaeli,
the median to Goniomma blanci. Bottom, dry body mass
of Iberian ants using different parameters (mean, maxi-
mum, polymorphism) for individual data (=species). For
the mean and maximum n is the number of species wi-
thout considering the presence and degree of polymor-
phism; when polymorphism is considered (see text)
some species contribute more than one value to the dis-
tribution pushing the data up to 304 values (not species).

Subfamily Mean + s.d. N
Ponerinae 0.32 £ 0.26*° 10 3
Myrmicinae 0.49 + 0.86" 131
Dolichoderinae 0.17 £0.08° 10
Formicinae 122+ 1.16° 86
Leptanillinae 0.008 + 0.003° 5
Mean + 5.D. Median n

Mean 0.72+1.01 Toan e 242
Maximum 1.23£241 0.34 242
Polymorphism 1224222 0.43 304

a difference detected, as had already been obtained
in Gomez & Espadaler (2000).

Latitudinal trend

This trend was also absent. The mean dry body
mass of local samples was not greater at higher lat-
itudes within the Iberian Peninsula (mean dry body
mass = —1.09 + 0.07 latitude; r2 = 0.058; F = 0.49;
p=0.5).

DISCUSSION

We maintain the same general conclusions as in
a previous paper (Gomez & Espadaler 2000): 1) In
Iberian ants, the relative body size of the most di-
verse genus (Leptothorax) is 29.2%, well within
the range found by Dial & Marzluff (1988), indi-
cating that there is a much higher number of
smaller species than of larger ones; 2) Particular
subsets of species at the local scale are not differ-
ent in their BSD from random samples taken from
the entire Iberian ant fauna, and do not show a
growing log-uniformity at smaller scales. 3) Lati-
tude has no bearing on the mean size of local sam-

ples, whose means are not different from the mean
size of Iberian ants.

The main object of this work, to examine the ef-
fect of using different parameters (mean size, max-
imum size, size range) in characterising every spe-
cies in the BSD, has provided us with a clear result:
mean dry body mass in Iberian ants is an adequate
measure for the macroecological patterns of BSD.
There is no need to take into account the variability
of size that is present in an appreciable proportion
(21%) of Iberian ant species. To the best of our
knowledge, this is the first attempt to explore the
effect of using different parameters in characteris-
ing the BSD. In spite of validating mean body size
for ant macroecological studies, we emphasize
that, when focusing on functional studies or at the
very smallest geographical scales, it is probably
best to also consider the polymorphism. Social in-
sects are characterised by the presence of castes,
which are currently defined by their specialized be-
haviour (Hélldobler & Wilson 1990). In effect
(Fig. 1 C), if only the mean is used, the ecologi-
cally meaningful functions of the two largest
classes would be lost to analyses. The species level
would not disappear, but the biggest classes within
those polymorphic species certainly would: in Ibe-
rian ants, the largest workers can be as big as three
times mean specific body size (Messor or some
Camponotus species).

Functional hypotheses to explain macro-
ecological patterns are centred on resource acquisi-
tion and energetic considerations (Brown & Mau-
rer 1989, Brown et al. 1993, Chow & Gaston
1997). In a broad sense, the issue of “polymor-
phism” or intraspecific body size variation could
be applied to other groups such as mammals, in
which fully independent individuals show great
change in size from weaning to adulthood, or
heterometabolous insects in which from birth, each
individual insect has a fully functional signifi-
cance. Juveniles of a given species A might per-
fectly well be the functional equivalents of adults
in a (smaller) species B. We are not aware of any
attempt to consider and analyse this question.
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