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Fig. 1.1   Phylogenetic relationships among Rhagoletis species and closely related flies within Tephritidae, 

as published by Smith et al. 2005. Symbols beside species names indicate general global distribution (   = 

Palearctic;     = Nearctic;     = Neotropical). Nearctic species complexes are named for one species within  

the group and are indicated with brackets. The tree was constructed from mitochondrial DNA characters 

(see Smith et al. 2005 for details). 
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Fig. 1.2  The univoltine life cycle of Rhagoletis pomonella consists of a ~30 day adult reproductive stage 

that begins when adults eclose in summer. Following a 7 – 10 day preoviposition period, adults mate 

directly upon (or very near) ripe host fruits. Eggs are laid into fruits where larvae then feed on the fruit pulp 

for 3 – 5 weeks. When fruits abcise (fall), larvae emerge and burrow into the soil and form puparia in 

which they overwinter in a facultative diapause (illustrations by M.M.). 
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Chapter 2: 

Rapid and Repeatable Shifts in Life History Timing of Rhagoletis pomonella 

(Diptera: Tephritidae) Following Colonization of Novel Host Plants in the Pacific 

Northwestern United States 

 

Abstract 

Host shifts of phytophagous insect specialists to novel plants can result in 

divergent ecological adaptation, generating reproductive isolation and potentially new 

species. Rhagoletis pomonella fruit flies in eastern North America underwent a host shift 

~160 ya from native downy hawthorn (Crataegus mollis) to introduced, domesticated 

apple (Malus domestica). Divergent selection on diapause phenology related to the earlier 

fruiting time of apples versus downy hawthorns resulted in partial allochronic 

reproductive isolation between the fly races. Here, I test for how rapid and repeatable 

shifts in life history timing are driving ecological divergence of R. pomonella in the 

Pacific Northwestern US. The fly was introduced into the region via larval-infested 

apples 40-65 ya and now attacks native black hawthorn (Crataegus douglasii) and 

introduced ornamental hawthorn (Crataegus monogyna), in addition to early– and late–

maturing apple varieties in the region. To investigate the life history timing hypothesis, I 

used a field-based experiment to characterize the host-associated eclosion and flight 

activity patterns of adults, and the feeding times of larvae at a field site in Vancouver, 

Washington. I also assessed the degree to which differences in host fruiting time generate 

allochronic isolation among apple-, black hawthorn-, and ornamental hawthorn-
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associated fly populations. I conclude that host-associated fly populations are temporally 

offset 24.4% to 92.6% in their seasonal distributions. My results imply that R. pomonella 

possesses the capacity for rapid and repeatable shifts in diapause life history to match 

host fruiting phenology, which can generate ecologically-based reproductive isolation, 

and potentially biodiversity in the process. 
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Introduction 

Ecological speciation is initiated when divergent adaptation to novel habitats 

generates reproductive isolation (Schluter, 2001; Rundle & Nosil, 2005). Phytophagous 

insect specialists may be particularly prone to speciate ecologically when they shift and 

differentially adapt to attacking new host plants (Bush, 1969; Harrison, 1985; How et al., 

1993; Abrahamson et al., 1994; Horner et al., 1999; Via, 1999; Wood et al., 1999; 

Groman & Pellmyr, 2000; Via et al., 2000; Drès & Mallet, 2002; Berlocher & Feder, 

2002; Funk et al., 2002). When divergent selection pressures between alternate host 

plants are strong, migrants between habitats and hybrids of mixed ancestry will suffer 

reduced fitness, generating ecologically-based reproductive isolation that can potentially 

initiate speciation even in the face of gene flow (Bush, 1969; Feder et al., 1988; 

Berlocher & Feder, 2002; Drès & Mallet, 2002; Funk et al., 2002; Sim et al., 2012; Nosil, 

2012). 

Apple- and downy hawthorn-infesting populations of the fruit fly Rhagoletis 

pomonella (Walsh) (Diptera: Tephritidae) have been hypothesized to represent an 

example of incipient ecological speciation with gene flow (Berlocher & Feder, 2002). 

Sometime in the mid-1850s, R. pomonella shifted in the eastern United States (US) from 

its native host, downy hawthorn, Crataegus mollis  ([Torr. & A. Gray] Scheele), to form 

a new ‘host race’ on domesticated apple trees (Malus domestica [Borkh.]) after apples 

were introduced from Europe ~400 ya (Walsh, 1867; Bush, 1966; Feder et al., 1988; 

McPheron et al., 1988). Host races are hypothesized to be the initial stage of ecological 

speciation, representing partially reproductively isolated populations that owe their 


