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The goal of this paper is to discuss the homologies of male ant genitalic muscu-
lature in the context of the broader Hymenoptera and to provide descriptions of the 
functional mechanics of three distinct forms. The work of Schulmeister (2001, 2003) 
has identified and clarified the muscular homologies within the basal Hymenoptera, 
or the paraphyletic ‘Symphyta’ (Sharkey 2007). While the external genitalia of male 
ants have been characterized for several subfamilies (Ogata 1991; Yoshimura and 
Fisher 2009, 2011, 2012; Yoshimura and Onoyama 2002), musculature has been 
completely overlooked excepting Birket-Smith (1981) and Ogata (1991), the former 
of which is here reassessed.

Materials and methods

All specimens examined in this study were from the author’s personal collection 
(BEBC) or the Longino collection (JTLC, University of Utah). Collections in 95% 
ethanol were made in Central America, and in the states of Arizona, California, Ten-
nessee and Washington. Specimens were softened by boiling in water for 2–5 minutes. 
Dissections were carried out in petri dishes, with or without wax and minuten pins. 
A Leica MZ16 microscope with maximum magnification of 115× and mounted with 
a JVC Digital Camera KY-F708 3-CCD was used for dissections. Micrographs were 
generated for illustration using Auto-Montage Pro Syncroscopy (Synoptics Ltd., Fred-
erick, MD USA) software. For especially small males, temporary mounts of minute 
sclerites and musculature were prepared for observation with a Leica DME compound 
microscope using glycerin as the mounting medium.

General hymenopteran terms preferred by the Hymenoptera Anatomy Ontology 
(Yoder et al. 2010) are used when homology is clear (Table 1). For an overview of 
terms applied to the genitalia of ants and other Hymenoptera, refer to Yoshimura and 
Fisher (2011) and Schulmeister (2001). Walker Jr. and Liem’s (1994) concepts of 
origin and insertion are used when discussing musculature: origins are broad anchor-
ing attachments; while insertions are the narrow, usually distal or posterior, ends of 
muscles which transfer force to a movable element. The muscles of hymenopteran male 
genitalia are named alphabetically (Boulangé 1924; modified by Schulmeister 2001): 
anterior to posterior, ventral to dorsal, medial to lateral; starting with sternum IX and 
ending with the muscles of the parameres. Thus lettering begins on the anteroventral 
apex of sternum IX with muscle a and ends, in the Formicidae, with the intrinsic mus-
cle t of the parameres.

The mechanics of sclerite movement were assessed qualitatively by examining the 
angles of muscular origin and insertion, and the attachment or position of the sclerite 
relative to the local components of the genital capsule. Simple physical models were 
used to predict the mechanics of muscular contraction and element movement. For-
mica obscuripes Forel 1886, Messor andrei Mayr (1886) and Labidus coecus Latreille 
(1802) were chosen as models for functional morphology because their genitalia are 
well developed, represent cases of relatively generalized to specialized morphology, and 


