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Abstract

Freshwater hairworms infect terrestrial arthropods as larvae but are free-living in aquatic habitats as adults. Estimates sug-
gest that only 18% of hairworm species have been described globally and biodiversity studies on this group have been
hindered by unreliable ways of collecting adult free living worms over large geographical areas. However, recent work
indicates that non-adult cyst stages of hairworms may be the most commonly encountered stages of gordiids in the envi-
ronment, and can be used for discovering the hidden diversity of this group. Unfortunately, little information is available
on the morphological characteristics of non-adult stages of hairworms. To address this problem, we describe and compare
morphological characteristics of non-adult stages for nine species of African and North American gordiids from four gen-
era (Chordodes, Gordius, Paragordius, and Neochordodes). Observations were made on the oviposition behavior of adult
worms and morphological characteristics were recorded for egg strings, larvae and cysts using light and differential inter-
ference contrast microscopy and/or scanning electron microscopy. Our study indicates that three distinct types of ovipo-
sition behaviors and three distinct morphological types of egg string, larva, and cysts were present among the four genera
of gordiids. Although species identification based on cyst characteristics was not always possible among different species
of gordiids, cyst morphology was conserved among some genera and all clades of gordiids. More importantly, our work
indicates that gordiid larval morphology can be used for predicting cyst morphology among other gordiid genera. The ca-
pability to identify and predict gordiid genera and/or clades based on cyst morphology will be useful for culturing gordiids
in the laboratory from field collected cysts and these new techniques will undoubtedly allow others to discover new spe-
cies of gordiids from around the world.

Key words: Gordiida, hairworm, Gordian worm, Africa, North America, scanning electron microscopy, differential in-
terference contrast microscopy, life cycle, oviposition behavior, non-adult life stages, Chordodes, Gordius, Paragordius,
Neochordodes

Introduction

The phylum Nematomorpha consists of two taxa, the freshwater Gordiida and the marine Nectonematida, and
represents one of three entirely parasitic animal phyla (Hanelt e al. 2005). Gordiids have complex life-cycles
which include multiple hosts and a free-living aquatic phase. At the end of their parasitic phase, gordiids
manipulate the behavior of their terrestrial arthropod hosts to enter aquatic environments where adult worms
emerge at the expense of the host committing suicide (Thomas et al. 2002; 2003). After emerging from their host,
dioecious species form Gordian knots, mate, and females deposit egg strings as free-living forms; but females of
parthenogenetic species deposit egg strings (Hanelt et al. 2012; Bolek e al. 2013a). Females produce up to eight
million eggs during their short (2 weeks—2 months) free-living phase (Bolek & Coggins 2002; Hanelt 2009).
Within weeks, larvae develop, infect, and encyst indiscriminately within a variety of aquatic vertebrate and
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