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ABSTRACT

The life cycles and larval feeding habits of one species of Chlorops (C. obscuricornis Loew) and three
species of Diplotoxa [D. inclinata Becker, D. nigripes (Coquillett), and D. sp. near versicolor (Loew)]
associated with spike-rushes of the genus Eleocharis (Cyperaceae) are presented. Larvae of the four
species show resource partitioning by attacking either stems or rhizomes, by feeding at different times,
or by utilizing different species of Eleocharis.

This study compares the morphology of the larvae; describes and illustrates the eggs, three larval
instars, and puparia of three species of Diplotoxa; and provides a key separating the third-instar larvae
of all four species of Eleocharis stem borers.

INTRODUCTION

The sedge genus Eleocharis, containing about 150 species in the world, is nearly
cosmopolitan in distribution and is particularly well-represented in warmer regions.
It is easily distinguished from other genera of Cyperaceae by the presence of a
single, terminal, spike-like inflorescence that lacks obvious subtending bracts.
Both annual and perennial species occur. Determining species is difficult, as well-
developed seed heads and achenes are necessary for identification (Gleason, 1963;
Braun, 1967; Scoggan, 1978). Species of Eleocharis frequently form nearly pure
stands in open wetlands, perhaps due to their ability to secrete compounds that
inhibit the growth of other hydrophytic plants (Wooten and Elakovich, 1991).

The importance of spike-rushes to chloropid flies was indicated by Todd and
Foote (1987) who reported that a stand of E. smallii Britton contained ten of the
22 species of Chloropidae collected in eight vegetation types occurring in a fresh-
water marsh near Kent, Ohio.

Chlorops, a member of the subfamily Chloropinae, is the largest chloropid genus
in North America, containing 35 species (Sabrosky, 1987). Most of the available
information on the biology of the genus is based on studies of the gout fly, C.
pumilionis Bjerkander (C. taeniopus Meigen, auct.), an economically important
pest of cereal grains in Europe. The stem-boring larvae of that species were de-
scribed in detail by Frew (19234, 19235), Balachowsky and Mesnil (1935), Good-
liffe (1939, 1942), Nye (1958), and Dennis (1961). Other European species that
are stem borers of grasses are C. speciosa Meigen, C. brevimana Loew, C. interrupta
Meigen, and C. marchali Mesnil (Ferrar, 1987). A few species of Nearctic Chlorops
have larvae that are primary invaders of sedge stems (Valley et al., 1969). Recently,
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Rogers et al. (1991) elucidated the life history and described the immature stages
of C. certimus Adams, a species whose larvae attack stems of the sedge genus
Carex.

Diplotoxa, also a member of the subfamily Chloropinae, is a cosmopolitan
genus that has been recorded in nearly all the biogeographic regions. Five of the
seven Nearctic species, D. alternata (Loew), D. inclinata Becker, D. messoria
(Fallén), D. recurva (Adams), and D, versicolor (Loew), are practically transcon-
tinental in distribution; D. unicolor Becker is restricted to the western states and
provinces; and D. nigripes (Coquillett) occurs only in the eastern and midwestern
states and provinces (Sabrosky, 1965).

Few papers have been published on the larval feeding habits and host plants
of Diplotoxa. Wendt (1968) reported that larvae of D. messoria are phytophagous
in European species of Eleocharis, but gave no information concerning host plant
specificity, larval feeding habits, or life cycle parameters. Valley et al. (1969) reared
D. messoria, D. nigripes, and D. sp. (near D. inclinata) from stems of Eleocharis
in North America. Spencer (1977) reared a New Zealand species from inflores-
cences of a grass of the genus Echinochloa. No immature stage of any species has
been described (Ferrar, 1987).

The present paper elucidates the life cycles and larval feeding habits of one
species of Chlorops and three of Diplotoxa that attack the stems and rhizomes of
Eleocharis spp. in northeastern Ohio. The immature stages of three species of
Diplotoxa are described and illustrated, and a key is given to the third instars of
all four species of Eleocharis stem borers. In addition, certain morphological
structures found in the larvae are compared.

MATERIALS AND METHODS

Collecting Techniques.—Adults were collected weekly by sweeping vegetation of suitable habitats
with a standard aerial insect net. Collecting sites were all located in Portage County in northeastern
Ohio. Eggs were collected in nature by pulling up Eleocharis plants in the field and examining them
in the laboratory. Larvae and puparia were found during the winter and spring by examining developing
rhizomes, the bases of young shoots, and new stems of Eleocharis that were approximately 0.5-1.0
in in height.

Rearing Techniques.— Adult flies were sexed and paired, and placed in baby food jars (9 x 6 cm)
which had their bottoms removed. The jars were inverted, and the top pressed into the bottom of a
small plastic Petri dish (5.5 x 1.3 cm) containing moist peat moss. The open bottom of the jar was
covered with 1-4 layers of cheesecloth held in place by a rubber band. A small pellet of honey and
brewer’s yeast pressed to the side of the jar served as adult food. The peat moss was moistened daily,
and the fly food replaced periodically. Small sections of Eleocharis stem, approximately 5-6 cm in
length, were oriented vertically in the peat moss to provide oviposition sites. These were replaced
periodically with fresh sections, as females would not oviposit on decomposed material.

Eggs removed from the rearing jars were placed in small Petri dishes (5.4 x 1.3 ¢cm) containing
discs of moist paper toweling; occasionally whole stem sections containing eggs were transferred.

Newly-hatched larvae were placed on young shoots of Eleocharis and examined daily for information
on larval feeding habits, length of larval stadia, and sites of pupation. Larvae were transferred to fresh
plant material regularly, as they quickly abandoned decaying stems. Puparia were transferred to small
Petri dishes containing moist peat moss. Parasitoid wasps emerging from puparia were killed and
preserved in 70% ETOH.

Preservation and Preparation of Specimens.— Approximately 10-20 eggs of each species were mea-
sured and preserved in KAAD. Larvae were killed in hot (not boiling) water and were either preserved
in 70% alcohol or treated for further study, and drawn using standard light microscopy techniques.

Abbreviations used in figures are: A, antenna; AP, anterior papilla; APB, anterior end of parastomal
bar; ApT, apical tooth; ASL, anal slit; ASp, anterior spiracle; AT, accessory tooth; Cph, cephalo-~
pharyngeal skeleton; DC, dorsal cornu; FP, frontal papilla; GP, genal papilla; HS, hypopharyngeal
sclerite; IP, interspiracular process; LP, lateral papilla; LS, ligulate sclerite; m, membrane; MH, mouth-
hooks; MP, maxillary palp; Pa, papilla; PB, parastomal bar; PcS, pseudocephalic segment; PfP, pre-
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frontal papilla; PhS, tentoropharyngeal sclerite; PP, perianal pad; PSP, posterior spiracular plate; R,
ramus; SB, spinule band; ShS, subhypopharyngeal sclerite; SSI, spiracular slit; StB, stigmatic bulb;
StSc, spiracular scar; StT, stigmatic tube; Tr, trabecula; TP, thoracic papilla; VC, ventral cornu; WP,
wing process of hypostomal sclerite.

LirE HISTORIES
Chlorops obscuricornis Loew

This species is strictly Nearctic in distribution, ranging from Virginia and New
York west to Manitoba and Oregon and south to Florida and California (Sabrosky,
1965). Valley et al. (1969) reported that the larvae were primary invaders of stems
of Eleocharis smallii.

Rearings were initiated from numerous adults and immature stages collected
from stands of E. smallii, a perennial species having sizeable reddish or purplish
rhizomes. The fidelity of C. obscuricornis to its host plant was shown by Todd
and Foote (1987) who found adults almost exclusively in a stand of E. smallii.
At another marsh, a few adults were swept from a stand of E. obtusa (Willd.)
Schultes, an annual species. Numerous adults were also swept from another pe-
rennial species, E. rostellata Torrey, in a calcareous fen. The flight period, as
determined by weekly sweep samples of a stand of E. smallii occurring in a
roadside ditch, lasted from early June to mid-July (Fig. 54). Adults were most
abundant in mid-June.

Laboratory-reared females lived 12-19 days (» = 8); males, 8-11 days (n = §).
No courtship displays were noted, and it appeared that males merely assaulted
any nearby fly of proper size and configuration. Nonreceptive females dislodged
males by vigorous kicking of their hind legs. During copulation the male situated
himself above the female, facing in the same direction. The fore tarsi rested on
the bases of her folded wings, his middle tarsi were applied to the lateral surface
of her abdomen, and the hind tarsi grasped the female’s genitalic segments.

Both field-collected and reared females laid eggs readily on lengths of Eleocharis
stems in the breeding jars. All field-collected eggs were found near the bases of
stems. The incubation period lasted 5-7 days (n = 12). No larvae were reared to
the pupal stage in the laboratory-initiated rearings. Second-instar larvae were
found during late March feeding as primary invaders in stems of E. smallii. A
few larvae occurred in young shoots, but most were in larger, older stems. Fully
grown larvae were found by the middle of April. Shortly before forming puparia,
larvae retreated to the crown, tunneled into one of the rhizomes, reversed direc-
tion, and inserted their posterior spiracles into the hollowed-out portion of the
rhizome. Field-collected puparia produced adults in 10-15 days under laboratory
conditions (n = 4).

The abbreviated flight period (Fig. 54) suggests that C. obscuricornis is uni-
voltine in northern Ohio. Overwintering apparently occurred as young larvae in
quiescence. Larvae collected during the winter months became active in the lab-
oratory and began feeding on Eleocharis stem tissue. Larval feeding was completed
in nature in April and early May, pupation occurred in late May, and adults
emerged in June. Eggs were deposited between mid-June and early July. Larvae
fed in the stems until late October.

Diplotoxa inclinata Becker

Diplotoxa inclinata has a transcontinental distribution, ranging from Québec
to California and south to New Jersey and Texas (Sabrosky, 1965). It was abundant
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Fig. 1-12.—Diplotoxa nigripes. 1. Lateral habitus of larva, third instar. 2. Ventral view of anterior
end, same. 3. Dorsal view of posterior end, same. 4. Lateral view of cephalopharyngeal skeleton, first
instar. 5. Ventral view of cephalopharyngeal skeleton, third instar. 6. Lateral view of cephalopharyngeal
skeleton, second instar. 7. Same, third instar. 8. Mandible, second instar. 9. Same, third instar. 10.
Egg. 11. Puparium, dorsal view. 12. Same, lateral view.
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Fig. 13-17.— Diplotoxa nigripes. 13. Posterior spiracular plate, first instar. 14. Same, second instar.
15. Same, third instar. 16. Anterior spiracle, second instar. 17. Same, third instar.

in freshwater marshes in northeastern Ohio that contained stands of its host plant,
Eleocharis smallii (Todd and Foote, 1987). Several adults were also swept from
a small stand of E. obtusa. This was one of the first species of Diplotoxa to emerge
in the Kent area, as six adults were collected as early as May 5. The flight period
lasted from early May until early September (Fig. 55). Weekly sweep samples of
adults strongly suggest that there are two generations a year in northeastern Ohio.
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Fig. 18-29.— Diplotoxa sp. near versicolor. 18. Lateral habitus, third instar. 19. Dorsal habitus, same.
20. Lateral view of segment 1, third instar. 21. Ventral view of cephalopharyngeal skeleton, third
instar. 22. Mandible, second instar. 23. Same, third instar. 24. Lateral view of cephalopharyngeal
skeleton, first instar. 25. Same, second instar. 26. Same, third instar. 27. Puparium, lateral view. 28.
Same, dorsal view. 29. Egg.

Adults usually rested head downward on Eleocharis stems. Paired adults placed
in breeding jars with lengths of Eleocharis spent most of their time on the stems
and did not wander freely about the enclosure. Field-collected females lived 7-
21 days in the laboratory (» = 10); males, 12-17 days (n = 10). In contrast, reared
females lived only 4-18 days (n = 5). Reared females usually had a premating
period that lasted less than 24 hr, and one female mated approximately six hours
















































