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Figure 68—Acrobasis demotella, walnut shoot moth: A, adult; B, larva; C, pupa inside
shoot; D, hibernaculum in bud axil; E, infested terminal bud failing to elongate; f, hollowed
shoot; G, young tree damaged by attacks (A, specimen courtesy R. Hodges; D & G, courtesy

G. Simmons; F, courtesy B. Weber).
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5 ¢cm, and small, loose mounds of frass
mixed with silk collect at entrance holes.
Shoot tips beyond the larval tunnels usu-
ally wilt and die. Mature (fifth-instar)
larvae complete feeding in shoots by late
April in Missouri (Kearby 1978) and by
mid-June in Michigan (Martinat and
Wallner 1980) and then vacate shoots
through entrance holes. Mature larvae
pupate just below the soil surface in thin
cocoons composed of soil particles. One
generation per year has been recorded in
Missouri (Kearby 1978) and in Michigan
(Martinat and Wallner 1980).

Injury and damage. In spring, early-
stage larvae bore into swelling, unfolding
buds and terminal-bud clusters (figure
G68E). From one to all buds in a cluster may
be killed, resulting in blunt shoots or forked
tops (Kearby 1978). Wilting and dying foli-
age on small succulent shoots is further
evidence of attack. Infested shoots may be
completely hollow (figure 68F). Small
mounds of frass and silk collect near larval
entrance holes in buds and in leaf axils
(Neunzig 1972). If the attacked bud or
shoot is not killed immediately, it is usually
hollowed out and subject to breaking by
wind (Weber and others 1980). On young
black walnut trees, repeated attacks cause
forking, branching, reduced growth, and
ultimately misshape trees and greatly dimin-
ish their value for timber (figure 68G)
(Martinat and Wallner 1980). The basal 4 to
6 m of a black walnut must be straight and
free of forks and excessive branches to
qualify as a prime sawlog or veneer log;
thus, damage by this borer when trees are

in the seedling and sapling stage can be
ruinous (McKeague and Simmons 1979).

Control. No parasites have been reared
from larvae and pupae, which is surprising
because numerous parasites have been
reared from the closely associated species,
A. juglandis (1eBaron) (Martinat and
Wallner 1980, Neunzig 1972). To minimize
infestation culturally, new black walnut
plantings should be relatively isolated from
existing stands of Carya and Juglans. Where
trees are grown for high-quality timber or
veneer logs, corrective pruning is an effec-
tive alternative to insecticides (McKeague
and Simmons 1978, 1979). Managers
should prune soon after the current season’s
damage has been done and new shoots have
grown enough to make it possible to leave
the best of several shoots. Proper timing will
permit pruning wounds to heal by the end
of the growing season. Workers should leave
the strongest shoot that is closest to the
original damaged terminal to reestablish
apical dominance and maintain a straight
trunk and good form. Insecticides have been
used successfully in Michigan to protect
young black walnut plantings (McKeague
and Simmons 1978).
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Acrobasis nuxvorella Neunzig
pecan nut casebearer (figure 69)

Hosts. Pecan is the principal (possibly
only) host (Neunzig 1970).

Range. Occurs throughout the range of
its host from Florida west to Texas and
northward to southern Illinois
(Neunzig 1972).

Description. Adult. Grayish brown
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Figure 69—Acrobasis nuxvorella, pecan nut casebearer: A, adult; B, egg on nutlet; C, larva; D,
hibernaculum at base of lateral bud; E, entrance hole in shoot; £, hollowed shoot; G, terminal
shoot killed (A, specimen courtesy R. Hodges; B & D, specimens courtesy V. Calcote; C,

specimen courtesy E. Brown).
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moth with body length of about 7.6 mm and
wingspan from 12 to 19 mm (figure 69A)
(Neunzig 1972). Forewings light (Roseberg
and Schaffner 1964) to dark gray (Payne
and others 1979) with ridge of dark brown
scales across wing about one-third distance
from base. Head and body brown. Egg.
Elliptical, convex above, flattened below
with fine surface reticulations; about 0.56
by 0.34 mm (figure 69B). Greenish white
when deposited, becoming reddish as
incubation progresses (Gill 1925). Larva.
Pale to dark purplish brown with greenish
undertones and 11 to 17 mm long when
mature (figure 69C). Head yellowish brown
with brown to dark brown spots coalescing
into bandlike maculations. Thoracic and
anal shields brownish vellow to brown with
some dark brown maculations. Pinacula
pale brown. Circle of biordinal crochets on
prolegs on abdominal segments 3 to 6 and
10 (Neunzig 1972). Pupa. Yellowish brown
and 6.9 to 8.1 mm long. Head slightly
wrinkled with distal region slightly pro-
duced anteriorly and rounded.

Biology. The number of generations
per year varies: from four in Texas, three
and occasionally a partial fourth in Florida
and south Georgia, to three in eastern
North Carolina (Neunzig 1972). Adults of
the overwintering generation emerge from
late April to mid-May in Texas and during
the last 3 weeks of May in eastern North
Carolina. Within a few days of emergence,
females deposit their eggs (usually one or
two per site) near the base of the calyx
lobes of newly formed nuts. On hatching,
the larvae feed and develop in small nuts.

Moths emerge through the enlarged larval
entrance holes, leaving empty pupal skins
in the nuts (Gill 1925, Neunzig 1972).
Over its range, first-generation adults
emerge late May to July. After a brief
period, first-generation adult females lay
eggs on the nuts, about the time nuts are
half grown. Moths of the second generation
emerge from these eggs from late July
through early September, and oviposit on
large nuts and sometimes on leaves and
buds. Third-generation larvae feed spar-
ingly on the husks and reach their second
stage with fall weather; they move to twigs
to construct hibernacula near lateral buds,
often between a bud and the twig (figure
69D). Occasionally, this borer partially or
entirely completes a fourth generation in
the southern range. Larvae overwinter in
hibernacula and, as buds swell in spring,
feed on them and then bore into expanding
shoots. If shoots have elongated rapidly
before larval attack, larvae enter at the base
of leaf petioles. Some larvae of the over-
wintering generation pupate in injured
shoots; others move to pupate under the
platelike bark scales (Gill 1925, Neunzig
1972).

Injury and damage. Main external
evidence of shoot infestation is wilted or
dead small shoots soon after bud burst and
during elongation in spring. Entrance holes
may or may not contain small masses of
frass and silk (figure 69E). Green shoots
may be completely hollow (figure 69F) and
often break from the wind. Larval galleries
can be seen in the broken ends. Both termi-
nal and side shoots may be killed, adversely
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affecting tree form (figure 69G). The most
severe injury, however, is the hollowing out
of newly formed nuts by first-generation
larvae. The nuts are small, blackened, and
usually have a small hole near their bases
covered by silk webbing and frass. Some
later-generation larvae also feed on succu-
lent shoots and leaf petioles; bud injury is
usually light (Gill 1925). Although common
throughout the Pecan Belt, populations of
this borer are greatest in its western range,
particularly in Texas and Oklahoma, where
moderate losses sometimes occur (Payne
and others 1979).

Control. Parasites are important natural
controls; over 30 species of insect parasites
have been reared from larvae and pupae
(Neunzig 1972). Insecticide application is
recommended when 3% or more of the
previous vear’s shoots are infested with
overwintering larvae or when there is a
history of serious infestation (Payne and
others 1979, 1982).

Acrobasis caryivorella Ragonot
[hickory shoot moth] (figure 70)

Hosts. Hickory, pecan, walnut. Most
abundant on mockernut hickory, pignut
hickory, and pecan (Neunzig 1972). Occa-
sionally found on walnut.

Range. Occurs in southern Canada,
throughout the eastern United States (USDA
FS 1985), and as far west as New Mexico
(Heinrich 1956).

Description. Adult. Grayish marked
moth with wingspan of 19 to 24 mm (figure
70A) (Heinrich 1956). Forewings dark bluish
gray with grayish white and orangish red

patches. Hindwings whitish gray, darker in
females. Larva. Purplish green with thorax
darker than abdomen; from 13 to 19 mm long
when mature (figure 70B). Thoracic and anal
shields brown with dark brown maculations.
Pinacula on thorax and abdomen transparent
to pale brown, contrasting in color with sur-
rounding integument (Neunzig 1972). Pupa.
Reddish brown, 8.6 to 10.3 mm long. Head
wrinkled; distal region distinctly produced
anteriorly.

Biology. Moths of the overwintering
generation usually emerge in April and May
in Florida and Texas, late May in North Caro-
lina, and July in Connecticut (Neunzig 1972).
First-, second-, and third-generation moths
have been reared during late June to July,
August, and September to October, respec-
tively; in Texas (Nickels 1951). Larvae from a
summer generation have been collected
during August in North Carolina and Connect-
icut (Leiby 1925, Neunzig 1972). Females
deposit eggs in masses of 10 to 70 on the
upper or lower surface of leaflets. Small
larvae of summer broods feed on the under-
side of leaflets and form frass tubes along
midribs. Large larvae pull and tie together
with silk several leaves, which they partially
eat. They pupate in chambers of frass and
silk, usually in the leaf enclosure near the
shoot base. Larvae of the last summer brood
overwinter in hibernacula 3 mm long at-
tached either to buds or to the tree trunk
several centimeters above or below the soil
surface (Leiby 1925, Nickels 1951, Phillips
and others 1960). In early spring, larvae leave
the hibernacula and enter opening buds and
later tunnel into succulent shoots (figure 70C).
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Figure 70—Acrobasis caryivorella, [hickory shoot moth]: A, adult; B, larva; C, buds and
shoot apex hollowed out; D, shoot mortality (A, specimen courtesy H. Neunzig).
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Injury and damage. Prefers vigorously
growing trees, and larvae are most abun-
dant on young trees (Neunzig 1972). Un-
sightly masses of dead leaves held together
and pulled up around current shoot growth
with loose strands of silk indicate attack
(Neunzig 1972). Close inspection reveals
that buds at the base of current year's
shoots have been hollowed out and petioles
of expanding leaves are shallowly tunneled.
Eventually, all leaves of an infested shoot are
pulled in about it with silk and parts of the
leaflets eaten. Frass collects in the drawn-
together leaves; often, several larvae inhabit
the haphazardly constructed silk enclosure.
Tunneled shoots become stunted, distorted,
or die (figure 70D), adversely affecting tree
form—an important consideration for
timber purposes (Neunzig 1972). Young
trees, particularly sprouts in recently cut-
over areas, are especially vulnerable to
injury. The insect has also severely damaged
pecan seedlings in nurseries in Florida and
Texas (USDA FS 1985).

Control. Parasites are probably the
most effective natural controls of this borer;
numerous hymenopterous and dipterous
parasites have been reared from the larvae
and pupae (Arnaud 1978, Krombein and
others 1979, Neunzig 1972). Young trees,
especially nursery stock, should be kept
vigorous to help them overcome and out-
grow the injuries with fewer adverse effects
(Phillips and others 1960). Chemical con-
trols can help minimize injury.

Hypsipyla grandella (Zeller)
[mahogany shoot borer] (figure 71)

Hosts. Mahogany, Spanish cedar. Many
species of mahogany and Spanish cedar in
the family Meliaceae are highly susceptible
(Grypma and Gara 1970, Holsten and Gara
1975).

Range. South Florida and throughout the
American Tropics, wherever its food plants
grow (Heinrich 1956, Sliwa and Becker
1973).

Description. Adult. Brown to grayish
brown moth with wingspan 23 to 45 mm
(figure 714) (Chellman 1978, Heinrich
1956). Forewings grayish brown shaded
with dull rust red, especially on lower part.
Wing veins distinctly overlaid with black. A
dusting of whitish scales on middle to outer
portion of forewings and black dots toward
wing ends. Hindwings hyaline to white with
narrow dark margin. Fgg. Oval, flattened,
white initially but red within 24 hours; 0.98
mm long, 0.50 mm wide. Larva. Creamy
white when young, becoming light bluish to
blue with maturity; reach about 25 mm long
(figure 71B). Pupa. Brownish black and
enclosed in silken cocoon (figure 71C).

Biology. Moths live 7 to 8 days, are
nocturnal, and remain hidden in tree foliage
and grass during the day (Holsten 1976).
After mating, females deposit about 300
eggs during evening and early morning.
Eggs are laid singly or in small clusters of
three to four in or on leaf axils, on leaf
scars, and adjacent to the midrib or side
veins of leaflets. Fggs hatch in about 4 days,
and the young larvae bore in new shoots,
usually at leaf axes. Larvae enter the pith
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15 to 16 mm in length when mature (figure
75B) (Chellman 1978, Johnson and Lyon
1988).

Biology. Adults are present from March
to May, July to September, and again in
December (Johnson and Lyon 1988). Lar-
vae feed and develop primarily in twigs and
leaf petioles and less frequently in main leaf
veins. Feeding larvae sometimes completely
hollow out leaf petioles and twigs, leaving
only shells. Larvae chew one or more small
holes along galleries to eject their frass.
Pupation occurs within stem galleries. The
seagrape borer has at least three genera-
tions per year in southern Florida (Chell-
man 1978).

Injury and damage. Small stems, leaf
petioles, and leafl midribs may be attacked
(figure 75C) (Chellman 1978, Johnson and
Lyon 1988). One or more small round holes
with or without small clumps of frass may
be found on infested stems (figure 75D).
Splitting infested stems reveals the tunnels
and sometimes larvae (figure 75E). Infested
stems often split, flare open, and die back
(figure 75F). When leaf petioles are at-
tacked, the leaves turn brown, causing
flagging, which is an excellent diagnostic
symptom. Repeated attacks cause serious
twig dieback and sometimes mortality of
young plants. This borer is the most impor-
tant pest of seagrape. Infested stems are left
weakened and subject to breaking in the wind.

Control. Plants should be frequently
inspected throughout the year for evidence
of infestation. Infested twigs and leaves
should be clipped and destroyed while
larvae are present to minimize damage. It

can also be controlled with insecticides,
although repeated sprayings will probably
be necessary. Best control is obtained when
sprays are applied before young caterpillars
penetrate into twigs.
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Family Pterophoridae—Plume
Moths

The pterophorids are a small family of
frail, elegant moths whose divided wings
suggest feathers (Borror and others 1981,
Craighead 1950). Forewings are deeply
cleft, and the hindwings are split into three
feather-like divisions. At rest, the wings are
folded close together and held horizontally
at right angles to the body. The larvae are
dull white with brown or purple markings
and bear two forcep-like prongs and long
setae on the anal plate. They bore into the
stems and roots of shrubs and small trees.

Genus and Species
Oidaematophorus
balanotes (Meyrick) 195
kellicottii (Fish) 197
grandis (Fish) 199

Oidaematophorus balanotes
(Meyrick)
[baccharis borer] (figure 76)

Hosts. Baccharis, bayberry. Baccharis
and bayberry groups reported as hosts
(Cashatt 1972, Forbes 1923): recent un-
published findings suggest that eastern
baccharis is 2 major host.

Range. Primarily a southeastern species,
found from southern Florida north to Mary-
land and New Jersey and west to Texas and
Arizona (Barnes and Lindsey 1921, Cashatt
1972, Forbes 1923, Kimball 1965).

Description. Adult. Largest of stem-
boring pterophorids, slender-bodied moth
with long legs and narrow wings (figure
76A) (Barnes and Lindsey 1921, Cashatt

1972, Meyrick 1908). Forewings cleft and
brownish white with dark spots at vein tips
and indistinct brown dash line extending
from base to near cleft. Hindwings pale
brown. Wingspan varies from 30 to 42 mm.
Light brown to brownish white or tan with
indistinctly striped abdomen, whitish anten-
nae, and pale brown legs. Egg. Yellowish
white, oval, and about 0.54 by 0.33 mm.
Larva. Creamy white with brown markings
and 18 to 25 mm long when mature (figure
76B). Head dark brown around the mouth-
parts, with light brown mottling elsewhere.
Thoracic shield with brown granulations.
Anal plate brown and hardened with two
prominent prongs and ringed with long
hairs. Crochets in uniordinal semicircle.
Pupa. Slender, tannish brown, and 16 to
22 mm long (figure 76C).

Biology. Adults emerge every month,
depending on location (Barnes and Lindsey
1921, Cashatt 1972). In Florida, moths have
been found during all months, but mostly in
late winter and spring. Emergence is re-
corded during July and August in Maryland,
August in Arizona, July and October in South
Carolina, and from June to November in
Texas; reared entirely during September in
Mississippi. Moths deposit eggs on the bark
of hosts. Larvae enter the bark and make
long, narrow, nearly straight galleries in
wood. Most attacks occur in the main stem
and less frequently in branches. Entrance
holes have been found from just above the
groundline to 1.5 m (figure 76D). Larval
galleries always enter bark and wood at an
oblique angle, and nearly always extend
downward into the roots, sometimes as
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Figure 76—OQidaematophorus balanotes, [baccharis borer]: A, adult; B, larva; C, pupa; D,
entrance hole in baccharis stem; E, cross section of stem showing seven round galleries; F,

long narrow galleries exposed.
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much as 10 cm below ground. Althoughthe
galleries are in the xylem, they are usually
only a few millimeters beneath the wood
surface (figure 76E). Completed galleries
range from 15 to 23 cm long and 4 to 5 mm
in diameter. Pupation occurs freely within
the gallery for 16 to 19 days, without a pu-
pation chamber. Empty pupal skins at vari-
ous locations in galleries indicate that moths
eclose from the pupae within galleries, un-
like many other woodboring Lepidoptera in
which the pupae move to the exit holes for
adult emergence. There appears to be one
generation per year, with considerable over-
lapping of broods in some areas.

Injury and damage. The earliest
evidence of attack is sap-stained spots, often
mixed with fine frass on bark. Later, round
to oval entrance holes 2 to 4 mm in diame-
ter, often with yellowish white frass adhering
to bark below entrances, become notice-
able. Dissection of infested stems reveals the
long cylindrical nearly straight galleries and
sometimes tunneling larvae (figure 76F).
Bark occasionally cracks open along shal-
low galleries and forms long bark scars that
show evidence of previous infestation. Small
stems, particularly branches, sometimes
break at injured sites. Heavy infestations
have been found recently in thickets of
eastern baccharis near Jackson, Mississippi.

Control. Ichneumonid parasites—
Telelucha sp.—have been reared from
specimens in Mississippi, but rates of
parasitism have been low. Direct controls
have not been needed. This borer is being
studied by Australian scientists as a possi-
ble biocontrol agent for weed Baccharis

Spp. in pastures.

Oidaematophorus kellicottii (Fish)
[goldenrod borer] (figure 77)

Hosts. Baccharis, goldenrod. Golden-
rod is mentioned as the host in early re-
ports, but recent unpublished findings
suggest that baccharis, especially eastern
baccharis, is a common host (Barnes and
Lindsey 1921, Bennett 1963, Cashatt 1972,
Kimball 1965).

Range. Like the closely related O.
balanotes, primarily an eastern species
reported from Massachusetts and New York
south to southern Florida and west to Colo-
rado and Utah (Barnes and Lindsey 1921,
Cashatt 1972). Also recorded from Quebec
(Yorbes 1923).

Description. Adult. Slender-bodied
moth with long legs, narrow wings, and
cream colored with slightly darker brown
markings (figure 774) (Cashatt 1972,
Fernald 1898). Forewing brownish white
with indistinct brown dash extending from
base, which fades out toward cleft. Hind-
wings uniformly brownish white with silky
luster. Wingspan ranges from 14 to 29 mm.
Body light brownish white dusted with
brown scales. Distinguished from other
stem-boring pterophorids by its smallness
and distinct spot at base of wing cleft.
Larva. Creamy white and light brown,
and 12 to 18 mm long (figure 77B). Head,
thoracic shield, and dorsum of caudal four
or five abdominal segments brown. Abdo-
men terminates into a dark brown anal
plate with two pronglike processes and long
hairs. Pupa. Long (10 to 15 mm) and
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Figure 77—O0idaematophorus kellicottii, [goldenrod borer]: A, adult; B, larva; C, pupa; D,
clump of frass on baccharis stem; E, entrance hole on stem; F, stem sawn open to expose
two galleries (A, specimen courtesy R. L. Brown).

198

Page 24 of 382



slender, light brown (figure 77C).

Biology. Moths emerge during most
months, depending on latitude (Cashatt
1972, Kimball 1965). Although most
specimens have been collected during June
and July, emergence has occurred as early
as February in Florida and as late as Octo-
ber in New York. In goldenrod, larvae
initially bore into branches (Fernald
1898), but by mid-September they aban-
don the branches, move down the plant,
and bore into the main stem a few centi-
meters above the groundline. Here, larvae
bore downward into the roots, where they
overwinter. During spring, larvae work
their way back to the aboveground en-
trances, enlarge the galleries, plug open-
ings loosely with frass and debris, and
pupate in the galleries. Empty fresh galler-
ies in main stems of baccharis have been
found during fall, indicating the possibility
of larval movement. Galleries in baccharis
are long and cylindrical, similar to those
made by 0. balanotes, but slightly smaller.
This borer has one generation per year.

Injury and damage. New attack sites
in baccharis can be recognized by sap
oozing from the bark and fine yellowish
brown frass in bark crevices. Frass becomes
coarse granular and is often clumped at
round gallery entrances (figure 77D and E).
Long, slender galleries are just beneath the
wood surface (figure 77F). Larvae tunnel in
the main stem and branches, sometimes
causing breakage of host parts.

Control. Nothing is known of natural
enemies, and direct controls have not
been needed.

Oidaematophorus grandis (Fish)
[coyote brush borer] (figure 78)

Hosts. Coyote brush. Coyote brush is
the only host recorded (Cashatt 1972,
Grinnell 1908).

Range. Southwestern species recorded
only from coastal California, Mexico, and
Guatemala (Fernald 1898, Lange 1939).
Florida and Maryland have been mentioned
in its distribution (Barnes and Lindsey
1921, Lange 1939), but these locations
seem unlikely.

Description. Adult. Slender-bodied
moth with long slender legs and narrow
forewings cut by fissure or cleft in outer
margin (figure 784) (Cashatt 1972, Fernald
1898, Grinnell 1908). Forewings brownish
white, paler toward inner margin with faded
dark spots at wing tips. Hindwings pale
brownish white to grayish white. Wingspans
30 to 36 mm. Body brownish white with
indistinct brown longitudinal line on abdo-
men. Egg. Oval, glossy, pale yellowish, and
averages 0.52 mm long and 0.31 mm wide
(Lange 1939). Larva. Creamy white with
reddish brown or purplish markings (Lange
1939, Peterson 1962, Williams 1909).
Mature larvae with dorsal purplish longitu-
dinal line, oblique subdorsal purplish dash
on each abdominal segment, purplish dash
cephalad on each spiracle, and brown head
and thoracic shield (figure 78B). Abdomi-
nal segments 9 and 10 transformed dorsally
into dark brown chitinous plate equipped
with two forceplike prongs and long periph-
ery hairs, Mature larvae 16 to 20 mm long.
Pupa. 1ong, slender, and cylindrical with
head end obliquely truncate.

199
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Figure 78—0idaematophorus grandis, fcoyote brush borer]: A, adult; B, larva in gallery;
C, stem broken at weakened site; D, series of holes in coyote brush;, E, galleries exposed
in stems (A, specimen courtesy R. Hodges).
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Biology. In California, adults emerge
May to September with the peak in June
(Lange 1939, Williams 1909). Moths mate
at night, and females deposit eggs on the
underside of leaves and on the bark of
hosts. Eggs hatch in about 21 days. Larvae
bore through the bark and produce long
smooth cylindrical galleries in the woody
part of the stem just slightly beneath the
surface of the sapwood. Galleries sometimes
extend below ground level. Several parallel
galleries often occur in large stems and are
generally quite straight and almost invari-
ably open to the underside of the branch or
the leaning side of the trunk. Larvae move
freely within the long smooth burrows,
which they keep free of frass. Mature larvae
pupate within the gallery without forming a
pupation chamber. Pupae are generally
found some distance from the bottom of the
gallery but they are very active and may
move considerably within the gallery. There
is one generation per year.

Injury and damage. Initially, attack
sites can be recognized by oozing sap that
stains the bark. Later, white to pale yellow-
ish frass may accumulate at entrances and
beneath infested plants (Williams 1909).
Broken stems frequently call attention to
infestations (figure 78C). Galleries enter the
stem at an oblique angle, usually on the
underside of branches and the leaning side
of main stems. Attacks are most prevalent in
the base of the main stem and lower
branches (Tilden 1950). Infested stems
usually have a series of small holes, more or
less in a straight line (figure 78D). Galleries
are long and narrow and usually in the

center of stems (figure 78F). Weakened
stems occasionally break or die back, but
most injured parts heal over and recover.
First- and second-instar larvae sometimes
live as inquilines in stem galls made by
other insects, resulting in destruction of the
gall interior and its inhabitants (Tilden
1950).

Control. A hymenopterous parasite—
Pimpla pterophorae Ashmead—nhas been
reared from infested stems (Lange 1939).
Other hymenopterous parasite cocoons
have been found within larval galleries, but
none has been identified (Williams 1909).
Direct controls have not been needed.
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Family Noctuidae—Owlet
Moths

Noctuidae is the largest family of Lepi-
doptera, but only a few species are borers in
trees. The nocturnal habits of the moths and
the ability of their eyes to shine brightly in
the dark have suggested the name “owlet
moths” (Borror and others 1981, Craighead
1950). Moths vary in form, size, and color,
but most are medium sized, heavy bodied,
and dull in color. The forewings are strong
and narrower than hindwings, and when at
rest, the wings are held rooflike over the
abdomen in a triangular outline. Most larvae
are naked with only scattered setae and have
five pairs of prolegs. Borer species tunnel in
the shoots of host plants.

Genus and Species
Papaipema
nebris (Guenée) 202
cataphracta (Grote) 205
Surcata (Smith) 207
Achatodes
zeae (Harris) 209

Papaipema nebris (Guenée)
stalk borer (figure 79)

Hosts. Sycamore, maple, elm, ash, poplar,
catalpa, willow, boxelder, sumac, elder, ap-
ple, peach, plum, hawthorn. A polyphagous
species that attacks both herbaceous and
woody plants; recorded from 176 plant spe-
cies representing 44 families (Decker 1931,
Filer and others 1977). Corn isa preferred
cultivated host; other Gramineae and giant
ragweed are favored wild hosts. This borer
less commonly attacks hardwood trees.

Range. A native insect, occurs through-
out the United States east of the Rocky
Mountains (Metcalf and other 1962) and
from Nova Scotia west to Manitoba (Decker
1931).

Description. Adult. Moderately
robust brownish moth with wingspan of
25 to 40 mm (figure 79A) (Decker 1931).
Fore-wings varying shades of olive red or
purplish brown sprinkled with gray; some
have a group of white spots in medial area.
Small white spots along distal third of ante-
rior wing margin and white to vellowish line
curves toward hind margin. Body reddish
brown with white-tipped scales, producing
overall mouse gray color. Egg. Globular,
0.6 by 0.4 mm, and pearly white when first
deposited, gradually turning to brownish
gray or amber. Larva. Head light brown
with dark brown streak extending from the
ocelli to ventral margin of cervical shield
(figure 79B) (Peterson 1962). Dirty white
body with four broad purplish brown
stripes (dorsal and subdorsal) interrupted
by distinct band of purplish brown around
third thoracic and first three abdominal
segments; from 26 to 32 mm long when
mature. Prothoracic shield broad, partly
divided, and yellowish to light brown with
dark lateral stripe. Anal shield yellowish to
pale brown. Pupa. Heavy bodied, brown,
and 16 to 22 mm long.

Biology. Moths emerge from mid-
August to mid-October (Solomon 1988b).
Up to 2,000 eggs are deposited by each
female, usually in creases of folded or
rolled leaves of dead, dry grasses and weeds
(Metcall and others1962). Eggs overwinter
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Figure 79—Papaipema nebris, stalk borer: A, adult; B, larva in gallery; C, dying sycamore
shoot with entrance hole; D, entrance hole with frass in silver maple, E, gallery exposed.
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and hatch the following May or June. Newly
hatched larvae burrow in the stems of
grasses and small-stemmed weeds and
continually seek larger succulent stems as
they grow (Decker 1931). Tt is usually
during the late stages of development that
larvae migrate from herbaceous plants and
attack young trees. Larvae wander consider-
ably during development, and each may
feed on several shoots of the same plant,
several plants, or on many different species
of plants (McDaniel 1935). Small larvae
usually enter herbaceous plants near their
base and burrow upward; however, as
larvae grow, they may bore into stems at any
point, usually burrowing toward tips (Deck-
er 1931). Larvae keep their galleries fairly
free of frass, expelling it from the entrance
holes. Larvae have been reported to molt
from 7 to 14 times and require from 60 to
130 days to develop (Decker 1931). Full-
grown larvae usually abandon their hosts
and move to the ground, where they form
oval cells below the soil surface in which to
pupate. Occasionally, larvae will remain in
their hosts, forming pupal chambers of frass
and silk at the bottoms of their tunnels
(Decker 1931). Pupation occurs from late
July to late August and averages 25 days
(Decker 1931). This species has one gener-
ation per year.

Injury and damage. Sudden wilting,
drooping, and dying of succulent current
year’s growth, particularly terminals, on
young trees during late spring and summer
is the first evidence (figure 79C) (Filer and
others 1977, Solomon 1988b). Closer
inspection reveals larval entrance holes

about 3 mm in diameter near the base of
injured terminals or branches. Frass with
distinct excrement pellets mixed with sap
are ejected from entrance holes and are
often present on the bark or foliage beneath
(figure 79D) (McDaniel 1935). Larvae
tunnel in the stem center (figure 79E) and
often consume most of the woody contents
of shoots; such weakened branch tips break
off readily. Many branch tips on young trees
can be damaged in a short time. Larvae
prefer thick-stemmed herbaceous plants.
This borer occasionally infests succulent
current-year shoots of young deciduous
trees and woody shrubs. Economically
significant damage to trees rarely occurs
over wide areas, but noticeable losses
sometimes occur in nurseries and young
plantations and, to a lesser extent, to young
trees in natural stands (Solomon 1988b).

Control. The most important control in
forest tree nurseries and young hardwood
plantations is to destroy breeding sites by
thoroughly cleaning up host weeds in fall
and winter. Mowing fence rows and field
borders is effective but must be done about
mid-August just before oviposition. Mowing
too early will drive larvae into susceptible
crops (Metcall and others 1962). Damage
can sometimes be reduced on young trees if
the wilted tips are promptly pruned below
the injury and destroyed. Populations are
adversely affected by many hymenopterous
and dipterous parasites (Arnaud 1978,
Krombein and others 1979); predaceous
birds, mammals, and insects; and diseases
(Decker 1931). Chemical controls may be
needed occasionally.
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Papaipema cataphracta (Grote)
burdock borer (figure 80)

Hosts. Cottonwood, boxelder, elder.
Over 30 hosts—mostly large-rooted thick-
stemmed herbaceous plants—have been
reported (Tietz 1972). Burdock and thistle
are favored wild hosts (Bird 1898). Broad-
leaf trees are occasionally attacked.

Range. Occurs from the northeast
Atlantic Coastal region west through New
York and Pennsylvania to Minnesota and
Colorado (Forbes 1954) and south to
Mississippi.

Description. Adult. Moderately robust
yellowish brown moth with wingspan of 30
to 35 mm (figure 80A). Forewings generally
straw yellow, scaled, with grayish brown
markings (Forbes 1954). Yellow spot on
apex of each forewing. Larva. About 29 to
35 mm long (figure 80B). Head pale yel-
lowish brown with darker brown at posteri-
or margin. Cervical shield light brown with
darker brown longitudinal stripes along
each side. Pale white body with four broad
purplish brown stripes along entire length
of body. These continuous body stripes
distinguish P. cataphracta from P. nebris,
which has stripes interrupted on first three
abdominal segments by purplish brown
band (Decker 1931). Pupa. Chestnut
brown, generally smooth except for dorsal
punctations, about 14 mm long, cremaster
with two small downward-pointing spines.

Biology. Moths emerge from early
September to early October (Decker 1931,
Drake and Decker 1927, Knutson 1944).
Females deposit up to 2,000 eggs in the
creases of rolled or folded leaf blades of

dead grasses and weeds; there, eggs over-
winter and hatch the following spring.
Initially, newly hatched larvae burrow
into stems of weeds. When the larvae are
2 1o 6 weeks old, they leave their initial
herbaceous hosts and move to new hosts,
which can be thick-stemmed woody plants.
Most reports indicate May as the time that
larvae infest tree shoots, but infestations
have been observed through July and early
August (Solomon 1988b). Field and cage
studies show that typical larvae wander
considerably during development and
repeatedly burrow into susceptible shoots
for 1 to 2 weeks, abandon them, and seek
larger shoots. In cages over clumps of
cottonwood sprouts, single larvae have
tunneled up to 12 separate shoots. In late
July to early September, full-grown larvae in
cottonwood shoots usually abandon galler-
ies and move to the ground, where they
form pupation sites of loose silk and frass
just below the soil surface or under debris.
A few larvae remain in their hosts and
simply enlarge tunnels in the shoots to form
pupation chambers. The pupal stage lasts
25 to 33 days. This borer has one genera-
tion per year.

Injury and damage. Injury in cot-
tonwood nurseries in Mississippi
usually becomes noticeable from late
April to early May, when coppice
sprouts are 30 to 60 cm tall (figure
80C) (Solomon 1988b). Injured stems are
easily detected by wilting and drooping

shoots with browning or blackening leaves.

Examination of damaged shoots often
reveals round entrance holes 2 to 3 mum in
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Figure 80—Papaipema cataphracta, burdock borer: A, adult; B, larva in gallery; C,
cottonwood shoot broken at weakened site; D, entrance holes with frass on infested
shoots; E, stem split to expose tunnel and larva.
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diameter and 8 to 30 cm below the shoot
tops (figure 80D). Entrance holes usually
are kept open but occasionally loosely
plugged with frass. Frass is sometimes
fragmented and mixed with oozing sap on
the stem just below entrance holes. More
typically, frass consists mostly of distinctly
white, cylindrical excrement pellets 1 to 2
mm in diameter and 2 to 3 mm long near
entrance holes and on the ground below.
Dissection of damaged cottonwood shoots
reveals galleries in the centers extending in
either direction from the entrance holes
but usually upward or distally (figure
80F). Active galleries are kept open and
mostly free of frass, and are 2 to 4 cm
long. Occasionally branch tips and the
aboveground part of seedling tree stems
are killed (Washburn 1910). Young cot-
tonwood trees have been moderately
infested and damaged in some areas. In
surveys, 4 to 12% of the coppice shoots in
cottonwood nurseries in Mississippi have
been attacked. About three-fourths of the
infested shoots die back or break (So-
lomon 1988b).

Control. Larvae are extensively parasit-
ized by Chasmias scelestus (Cresson)
(Carlson 1979), Exorista sp., Gyrmnoche-
ta ruficornis (Williston), Lixophaga vari-
abilis (Coquillett), Lydella radicis
(Townsend), and Winthemia rufopicta
(Bigot) (Arnaud 1978, Washburn 1910).
Tree nurseries and young plantations can be
protected from infestation by plowing under
cover-crop refuse and weeds adjoining new
plantings during autumn or early spring.
Fence rows of weeds and grasses near tree

plantings can also be burned during winter
to destroy borer eggs (Drake and Decker
1927). Insecticides timed to correspond to
earliest attacks can help minimize losses.

Papaipema furcata (Smith)
[ash shoot borer] (figure 81)

Hosts. Ash, boxelder, buttonbush.
White, black, and green ashes reported as
hosts (Bird 1915, Leonard 1928). Also
observed recently in boxelder and button-
bush.

Range. Occurs from New Hampshire
west to Iowa, Minnesota, and Manitoba and
south to Mississippi (Forbes 1954).

Description. Adult. Robust yellowish
brown moth with wingspan of 33 to 45 mm
(figure 81A) (Forbes 1954). Forewings
light straw yellow, dusted with pale brown,
with gray-brown wavy markings and several
white dots. Larva. Head yellowish brown
with dark chestnut brown markings (figure
81B) (Franklin 1908). Cervical shield
yellowish brown with darker margins and
with small dark spot on each side. Body
mostly pale grayish flesh color to light
purple; about 30 mm long when mature.
Mid-dorsal pale stripe absent on anterior
abdominal segments in all except first instar
(Crumb 1956). This character distinguishes
P. furcata from P. nebris, which has a mid-
dorsal pale stripe. Black anal shield.

Biology. Moths emerge from late August
to early September (Forbes 1954) and
deposit eggs in early fall, presumably near
branch tips (Bird 1915). Eggs lay dormant
through winter and hatch early the following
May. Newly hatched larvae enter succulent
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