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Abstract.—Techniques for rearing hepialid moths from egg to adult are de-
scribed. The polyphagous larvae will accept a variety of diets, but do well on
carrots. Six species in three genera were carried through to late instars. Adults of
Hepialus humuli Fabricius, “Hepialus™ behrensii (Stretch) and Korscheltellus gra-
cilis (Grote) issued after 1 yr, although all may have 2-yr life cycles in nature.

The immature stages of hepialids are poorly represented in collections. For
example, larvae are known for only 7 of the 20 North American species, and only
4 of these have been figured in any detail. Still less has been published on the egg
and pupal stages. This situation could be ameliorated if greater efforts were placed
on rearing Hepialidae. Here I describe methods to rear Hepialus humuli; Phassus
triangularis Hy. Edwards; Korscheltellus gracilis; and three species of an unde-
scribed genus, henceforth to be referred to as the “Hepialus™ californicus group:
“Hepialus” behrensii, “H.” californicus Bdv., and “H.” hectoides Bdv. The tax-
onomy and biology of the “H.” californicus group are treated in Wagner (1985).

EcG COLLECTION AND INCUBATION

Hepialids are arguably the most fecund Lepidoptera. Even small species such
as Korscheltellus gracilis, with wing spans under 45 mm, can lay up to 590 eggs
(Wagner and Rosovsky, in prep.). Females of “Hepialus” behrensii lay as many
as 6400+ eggs (Wagner, 1985). The large Australian hepialid, Trictena argentata
(H.-S.) may be the most fecund lepidopteran—one female released 29,100 eggs
and died with an additional 15,000 fully developed eggs in her abdomen (Tindale,
1932).

Females of most hepialids presumably release ova aerially (for example, Ed-
wards, 1964; Grehan, 1987, Wagner and Rosovsky, in prep.), although a few
genera oviposit as they crawl or flutter over the surface of the ground (Madge,
1956, Hardy, 1973, 1974). Confined females readily release ova during evening
and predawn flights. Where female hepialids come to light, ova can be collected
from light traps if a killing agent is not employed (Wood, 1970).

Gravid females will oviposit in virtually any type of container, vials or plastic
bags with lightly moistened paper toweling work well. Relatively sterile egg col-
lection environments will diminish subsequent losses due to fungal contamination
during the incubation period.

! Present address: Department of Ecology & Evolutionary Biology, U-43, Room 312, 75 N Eagleville
Road, University of Connecticut, Storrs, Connecticut 06268.
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The newly laid, cream colored eggs become glossy black within a few hours,
even if unfertilized. During development the egg shell partially collapses. The eggs
of Hepialus, “H.” californicus group, Korscheltellus Borner, and Phassus Walker
hatch after 10-30 days at room temperature. However, several egg collections of
the late summer- or early fall-flying Gazoryctra Hubner (roseicaput Neum. &
Dyar, n = 2; and two undescribed species, the first from Arizona, » = 3; and the
second from Washington, n = 2), failed to hatch after 60 days, perhaps because
the eggs diapause through the first winter.

Hepialid eggs may desiccate in dry environments (Madge, 1956; Edwards, 1964;
Martyn, 1960), and hence, survivorship can be enhanced by incubating the eggs
under high humidities. Three methods proved satisfactory for incubation: leaving
the eggs in the plastic bag in which they were laid, periodically moistening the
toweling to keep the internal humidity high; placing sublots of eggs in Petri dishes
over moistened filter paper; and placing them over recently set plaster. Set plaster
has the advantage of being nearly sterile and it also helps to maintain high hu-
midity. Fungal contaminants are frequently a problem in saturated atmospheres;
dividing the eggs into several sublots and providing modest spacing in each con-
tainer will minimize losses. The eggs should be checked daily because the minute
first instars are susceptible to desiccation and starvation, as well as excessive
moisture.

FIrRST INSTARS

Most, if not all, hepialids are polyphagous, accepting a wide range of larval
diets including fungi, ferns, and a variety of gymnosperms and angiosperms. For
example, larvae of “Hepialus™ californicus accept a wide range of diets, including
natural field hosts such as the root crown tissues of Eriophyllum staechadifolium
Lag., Helenium puberulum DC., Lupinus arboreus Sims, and Rubus L. (Williams,
1905a, 1905b; Essig, 1926; Wagner, 1985), as well as synthetic diets, e.g., such
as those used for rearing the codling moth (Cydia pomonella (L.)) and spruce
budworms (Choristoneura Led. spp.) (Wagner, 1985). Larval growth in Korschel-
tellus gracilis was monitored by measuring weight gain of 20 larvae per host over
a period of 8 wk. Greatest weight increases occurred on carrots and two mosses
(Sphagnum L. and Polytrichum Hedw.), but excised roots of Abies balsamea (L.)
Mill., Acer saccharum Marsh., Betula papyrifera Marsh, and Picea rubens Sarg.
were also accepted. Poorest growth was noted in cultures fed on Dryopteris cam-
pyloptera (Kunze) Clarkson and Sorbus decora (Sarg.) Hyland (Wagner, unpubl.
data).

Carrots offer several advantages: (1) they are inexpensive and always available;
(2) the tissue lasts for weeks or even months; and (3) they are not especially
sensitive to mold or bacterial infections.

At eclosion the first instars (and remaining unhatched eggs) can be scattered
over a bed of chopped carrots—the pieces ranging from 3 to 15 mm on a side.
Sandwich boxes lined with paper toweling and a 2-cm layer of carrots work well
for rearing the early instars.

There is some evidence that early instar hepialids are mycophagous (Grehan,
1983, in press). Thus, it may be advantageous to prepare the carrot bed a few
days in advance of the anticipated larval emergence so that the carrots have a
light flush of fungal hyphae over their surface. Larvae do well if saprophytic fungi
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are present in the rearing environment, but bacterial fluxes are detrimental. Re-
place fully soiled sections. Often greater than 90% first-instar mortality occurs
during the first week.

HANDLING ESTABLISHED LARVAE

Leave the immatures in the initial carrot bed for the first two or three instars.
To enhance survival, transfer the entire carrot piece(s) with the intact larval shelter
from the carrot bed to either a small vial or jar with three or four carrot pieces.
Conceal the negatively phototaxic larva by adding fresh carrot pieces. Transfer
smaller individuals with camel hair brushes.

THIRD TO FINAL INSTARS

The larvae of cannibalistic species need to be transferred to individual con-
tainers. In Hepialus humuli and “Hepialus™ californicus the incidence of canni-
balism increased beginning with the third and fourth instars. Wielgus (pers. comm.)
noted significant cannibalism in his colony of Phassus triangularis. In contrast,
little cannibalism occurred in Korscheltellus gracilis.

Larvae of Hepialus humuli, *“Hepialus,”” and Korscheltellus appeared fully grown
after a few months on carrots, but only exceptionally did such larvae go on to
pupate. Significant numbers of adults were obtained only after the larvae were
subjected to winter-like conditions. To approximate natural conditions, the larvae
were wintered outdoors. In late fall, each larva was placed in a cup and covered
with a 6-8-cm layer of vermiculite, to which a large carrot section had been added.
A folded paper towel was placed between the cup and cover to serve as a wick to
draw away excessive moisture. Plastic specimen cups (120 cc) for large species or
vials (15-50 cc) for smaller larvae worked suitably.

After the larvae established tunnels in the vermiculite, the cups were moved
outdoors, away from direct sunlight and exposure to rain. Although hepialid larvae
may be active at temperatures as low as 2-3°C (Edwards, 1964), under natural
conditions, larvae presumably avoid freezing temperatures by tunneling deeper
into the soil (e.g., Chen et al., 1973). Hence, do not expose the immatures to
prolonged subfreezing temperatures. Expect little winter feeding by any of the
species. Once every 6—8 wk check for and replace soiled carrots, while leaving the
larval tunnel intact. A loose moss, such as sphagnum, can be used as a substitute
for vermiculite.

PurATION

As warmer temperatures return, feeding may resume, silk production within
the tunnel increases, and the larval tunnel is extended to or above the surface of
the vermiculite. The prepupal larva may even gnaw an emergence hole through
a thick plastic or wooden lid, and extend the cocoon to this hole. Prior to pupation,
the distal end of the cocoon is closed with a thin sheeting of silk.

Once the larval tunnel is closed, the lid can be removed. Prior to emergence,
place the cups into an enclosure. A loose layer of crumpled toweling over the
vermiculite provides a secure purchase for the eclosing adults from which to hang
while pumping up their wings.
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LeENGTH oF LiFeE CYCLE

Cultures of Hepialus humuli, “Hepialus” behrensii, and Korscheltellus gracilis
yielded adults after 1 yr; larvae of both “H.” hectoides and “H.” californicus also
appeared fully grown after a single season of growth. However, under natural
conditions, these species probably have 2-yr life cycles. For example, Edwards
(1964) noted that lab colonies of Hepialus humuli matured after 1 yr, while field-
grown larvae took 2 or even 3 yr to mature. A study of head capsule sizes of
“Hepialus™ californicus taken by F. X. Williams at Point Reyes, Marin County,
California, supported a 2-yr life cycle (N. B. Tindale, pers. comm.). Label data
of adult captures and larval collections of Korscheltellus gracilis suggest that it
too has a 2-yr life cycle under natural conditions (Wagner, 1988; Tobi et al., 1988;
Wagner et al., in press).

GENERAL COMMENTS

Early instars of six species belonging to three genera were reared on carrot. With
slight modification the methods should work for other hepialids. This is not to
say that it will work for all species. For example, late instar larvae of Sthenopis
auratus (Grote) refused to transfer from ostrich fern (Matteuccia struthiopteris (L.)
Todaro) to carrot. And it is unlikely that carrots would be consumed by any of
the foliage-grazing Hepialidae, which can be reared using the methods of Elder
(1970).

Potato sections also were accepted by young instars of Phassus triangularis.
Other subterranean root or stem tissues, e.g., jicama and beet, might be tried as
alternatives. The simplicity of this technique will be advantageous to many. For
those with access to insect culturing materials, the semi-synthetic diets suggested
by Viedma et al. (1986) for lignicolous Lepidoptera offer the advantages of stan-
dardized media. Particular success might be obtained by substituting grated carrots
for the “specific component” in their second recipe. A similar semi-synthetic diet
was used by Dodgshun (1970) to rear melolonthiine scarabaeids and hepialids in
New Zealand.

A major improvement in this method would be to determine those conditions
which minimize first-instar mortality. As the eggs are usually broadcast over the
ground, it seems likely that components of the litter or humus layer must be
critical for first-instar survival. Early instar litter-feeding has been reported in a
diversity of hepialids (see review in Grehan, in press). And, in the related Mne-
sarchaeidae, the larva appears to feed entirely upon forest floor litter (Gibbs,
1979). Hence, greater success might be achieved by provisioning newly hatched
larvae with partially decomposed leaf litter, and or other common elements of
the forest floor such as bryophytes or fungal hyphae.

Another technique was employed by Edwards (1955, 1964) to rear larvae of
Hepialus humuli. He placed larvae in individual wells drilled into blocks of set
plaster of Paris. Sheets of glass were used to cover adjacent cells. Wells for young
larvae measured Y% in. (6.3 mm) in depth and diameter; these dimensions were
increased to an inch (25.4 mm) for older larvae. Periodically the soiled food in
each cell was removed and fresh carrot was added. The bottoms of the plaster
blocks were then placed in water to maintain high (98%) relative humidities within
the larval cells.
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A method also needs to be developed for incubating species with an egg dia-
pause. One possibility would be to place the eggs in cavities drilled into wooden
blocks, which are then placed outside for the winter—a technique which has been
employed for overwintering nymphalid larvae (Mattoon et al., 1971). Scattering
the eggs over clumps of moss might also provide a suitable overwintering substrate.
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