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Levinseniella byrdi life cycle 
As with most digeneans, Levinseniella byrdi has a multi-host life cycle (Heard 1968). Within its avian definitive host, where it resides in the caecae or rectum, the hermaphroditic adult of L. byrdi produces thousands of eggs. After being passed in the avian host’s feces, the eggs become dispersed over the marsh surface. Here they are passively ingested by hydrobiid snails, which serve as first or primary intermediate host for L. byrdi. Within the digest tract of the snail, the eggs hatch into a short-lived miracidial stage that penetrates the gut wall and releases a germ mass into the body cavity. The germ cells develop asexually into sporocysts within the snail’s digestive gland (liver). In turn, the sporocysts asexually produce thousands cercariae, the free-swimming larval forms, which are released into the water by the hundreds during high tides. Flooding tidal waters facilitate cercarial contact with the amphipod second intermediate host, Orchestia grillus. Uninfected O. grillus occupy the relatively dry parts of the high marsh which is inundated irregularly and for ~4% of the tidal inundation (Johnson et al. 2016). Thus, a much larger component of the O. grillus population is likely to be exposed to the cercariae of L. byrdi only during the spring tides. Once in contact with O. grillus, the cercaria attaches to its exoskeleton, loses its tail, and forms a pseudocyst, usually on the pleopods and gills where the exoskeleton is thin. Within the pseudocyst, which protects it from desiccation and provides leverage, the larva, using its lance-like stylet and penetration glands, penetrates the exoskeleton and enters the amphipod’s body. Usually within an hour after penetration the larva forms a thin membranous cyst in the body cavity. Depending on the temperature, usually after about 3-5 weeks of development within O. grillus, the metacercarial cyst reaches a diameter of about 0.4 mm and becomes infective to an avian definitive host. As in many species belonging to the family Microphallidae (Heard and Overstreet 1983, Heard and Kinsella 1995), the metacercariae of L. byrdi is progenetic. That is, it attains the development of a functional adult while in a larval state (i.e., encysted metacercarial stage). Due to its precocious development within a day or less after being ingested by an avian host, L. byrdi will be begin releasing eggs into its bird host’s digestive tract (lower small intestine and or caeca). Further, infective worms removed from O. grillus hosts as metacercarial cysts will emerge, mate (copulate) and produce eggs within 12-24 h in a petri dish when maintained in warm (39°C) avian saline (8.5 ppt) (R. Heard and R. Overstreet, personal observation).  

When L. byrdi metacercariae reach full development within O. grillus, two host manipulations occur: behavior and body color. Experimental infections of O. grillus reveal that it takes a mean of 26 (±3, standard error; 22-34 range) days from time of infection to expression of the orange exoskeleton (Johnson and Heard, unpublished data). Infected amphipods shift from cryptic to conspicuous coloration (from brown to orange) and are frequently found in exposed habitats. Non-infected amphipods rarely venture out of protected habitats. The host manipulation by L. byrdi is likely an adaptive feature to increase trophic transmission to bird definitive hosts.
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