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Abstract. Body mass is an important morphological trait, which is associated with the physiology and ecology of insects. In the
past, estimates of body mass were often based on general mathematical equations in which body mass was related to linear
measurements of anatomical structures. For example, in female bees, estimates of dry body mass are expected to follow a non-
linear relationship (power function) with the distance between the tegulae on their thorax, also known as the intertegular distance
(ITD). Nonetheless, a major group of bees not included in previous studies are the Neotropical orchid bees of which mostly males
are collected. We investigated whether a similar non-linear relationship is also the case for male orchid bees and we found posi-
tive evidence as the relationship can be represented by a power function providing reliable estimate of dry body mass. This is

particularly important for estimating dry body mass of individuals stored in collections.

INTRODUCTION

Body size in orchid bees (Apidae: Euglossini) has been used
as a predictor in studies addressing ecological, physiological and
anatomical aspects such as population dynamics (Lawton, 1990;
Roubik & Hanson, 2004), immunocompetence (Arriaga-Osnaya
et al., 2017), vertical flight (Dillon & Dudley, 2004) or energy
used in flight (Darveau, 2004; Darveau et al., 2005). In these
types of study, body size is estimated as the wet body mass of
the specimens.

For studies that do not require wet body mass, body size meas-
ured as the distance between the two insertion points (tegulae)
of the wings on the thorax (intertegular distance) is used as a

response variable to environmental changes (Suni & Dela Cruz,
2021) and anthropogenic effects (Garlin et al., 2022). Cane (1987)
introduced the use of the ITD as an estimator of body size in
bees, which strongly correlates with their dry body mass. For Eu-
glossini, Peruquetti (2003) was the first to use ITD as a response
variable to evaluate variation in morphology as a result of fluc-
tuations in resource availability and seasonality. Currently, ITD
is even used as a standardization variable; for example, Brand et
al. (2018) used ITDs to standardize the use of neuroanatomical
volumes in the euglossine Euglossa dilemma. However, there is
no study on whether the ITD of orchid bees is a good estimator of
body size, within and between species.
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Fig. 1. Power function relationship between dry body mass (g) and ITD (mm). The vertical lines are the standard deviations for the ITD,
and each symbol is the mean for a particular species. The regression equation and a diagram of the ITD are in the upper right corner of

this figure.

Here, the relationship between ITD and dry mass in male orchid
bees was evaluated. Initially the concern was the lack of informa-
tion for relationship between these two measurements for orchid
bees since the seminal study of Cane (1987) did not include any
species of the tribe Euglossini. Moreover, he used only female
bees, whereas studies on Euglossini mostly collect only males
(Afiino et al., 2019), with one sample only including one female
per species for 20 species. Finally, the mathematical precision is a
bit misleading since it indicates exponential growth, although its
representation and the equations indicate a power function.

MATERIAL AND METHODS

A total of 105 male individuals stored in the collection of the
Invertebrate Museum of the University of Panama (relative hu-
midity: 65%), belonging to 23 species collected between 1967
and 2019 were studied, including four of the five genera of orchid
bees (Eufriesea Cockerell, Euglossa Latreille, Eulaema Lepele-
tier and Exaerete Hoffmannsegg; Supplement S1). The South
American genus Aglae Lepeletier & Audinet-Serville containing
one species was not included. All the individuals were identified
using the taxonomic key of Roubik & Hanson (2004). Five indi-
viduals per species were measured except in the case of species
for which there were few individuals in the museum. We used
specimens mounted and stored in entomological boxes and we
attempted to maximize the variation in body size. Each bee was
weighed on a digital balance (0.001 g) and photographed using a
CMOS digital camera attached to a Leica stereomicroscope (S91
LED2500), supported by the Leica Software Application Suite X.
Adobe Photoshop (CS6) was used for image stacking of eight
photographs in order to produce the final image of the dorsal part
of the thorax of each bee. This generated high resolution images,
which increased the precision with which the ITD could be meas-
ured using the program ImageJ (Abramoff et al., 2004).
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The relationship between dry mass (g) and ITD (mm) using
a power function (misidentified by Cane, 1987 as exponential
growth) is

Y=aX®

where Y is the dry mass, X is the ITD and a and b are regression
parameters. The values used in the model are the averages for
each species, since it is possible that the mass varied due to the
activity of collection pests such as dermestid beetles. In addition,
the model was also run with the individual measurements (Sup-
plement S2). Finally, this analysis was done using only Euglossa
species, which is the richest genus in the tribe. The Im function in
R (R Core Team, 2023) was used to build the model.

RESULTS

For Euglossini males there is a strong relationship between
mean ITD and mean dry body mass, the best fit for which is a
power function (p<0.0001, R*=0.93, Fig. 1). The power function
based on the individual measurements is similar (p<0.0001, R?
=0.91, Supplement S2). An analysis of individual measurements
for Euglossa species also follows a power function (p<0.0001,
R?>=0.68, Supplement S2)

DISCUSSION

The results of this study corroborate those of Cane (1987) based
on females of other tribes of bees. ITD is an indirect measurement
of body size and dry mass and should not be used in studies that
require wet body mass, unless a relationship with wet mass is
established. Power function relationships between dry mass and
measurements of body size are reported for other insects (Smock,
1980; Lobo, 1993). Further studies are needed to evaluate wheth-
er the power function calculated for recently dried individuals is
the same as that for those stored for a long time in a collection.
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Specimens in collections may be eaten by other insects (e.g., Der-
mestidae and Ptinidae beetles: Duarte et al., 2018; Vivar et al.,
2005), which would reduce their dry mass. Large sample sizes
may compensate for that. More work is required to determine
whether within-species variation in ITD is closely correlated with
dry body mass in euglossines. As suggested by Cane (1987), this
relationship should be validated for species of interest.

Finally, this study revealed that a power function for males of
the Euglossini tribe can be used for estimating dry body mass and
this relationship holds for all Fuglossa. A problem of working
with orchid bees is that females are mostly unknown and that in
some Hymenoptera forewing width is a better predictor of body
size in females (Ohl & Thiele, 2007). Although reports of power
functions between body dry mass and body parts are relatively
common in insects (Smock, 1980; Cane, 1987; Lobo, 1993), they
are not universal since in some insects and other arthropods, sim-
ple linear relationships provide much better fits (Garcia-Barros,
2015; Penell & Raub, 2018). Therefore, other studies should
evaluate this relationship for other groups of bees and whether
ecological variables can account for any variation. This relation-
ship is an important tool for studying traits related to body mass
such as flight-related morphology, metabolic rates, allometry or
foraging behaviour, as well as in the study of stressors influencing
body size (parasites, pesticides, abiotic factors, resource avail-
ability).
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