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The Featured Creatures collection provides in-depth profiles
of insects, nematodes, arachnids and other organisms
relevant to Florida. These profiles are intended for the use of
interested laypersons with some knowledge of biology as well
as academic audiences.

Introduction

The imperial moth, Eacles imperialis imperialis (Drury,
1773), is one of our largest and most beautiful moths. It is
also the most variable in appearance and the most widely
distributed of our large eastern United States saturniid
moths.

Figure 1. Imperial moth, Eacles imperialis (Drury).
Credits: Donald W. Hall, UF/IFAS

Synonymy

Synonyms for Eacles imperialis include Phalaena imperato-
ria and Basilona imperialis. For complete lists of synonyms,
see Heppner (2003) or Ferguson (1971). Imperial moths
have also been known by other common names (e.g.,
great-plane tree moth [Smith 1797] and yellow emperor
[Stratton-Porter 1921]).

Distribution

Members of the imperial moth complex are found from
Canada to Argentina (Goldstein 2003 [2010]), Janzen et
al. 2012). Both larvae and adults are highly variable in
coloration. This variation has led to designation of some
of the variants as subspecies or even species (Tuskes et al.
1996). DNA barcoding studies are now being conducted
that should shed light on the relationships of the different
populations (Janzen et al. 2012). Only the eastern United
States population, Eacles imperialis imperialis (Drury), will
be considered here and, for simplicity, it will be referred to
as the imperial moth or Eacles imperialis.

The imperial moth is found from southern New England
south to the Florida Keys and west through the southern
Great Lakes region to eastern Nebraska and central Texas
(Rutkowski 1971, Wagner 2005) (Figure 2). Historically,
its distribution extended farther north, but it has retreated
from these areas beginning in the middle of the twentieth
century. It may no longer occur in Massachusetts except
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for Martha’s Vineyard. Several reasons for its disappearance
from these northern areas have been proposed—increased
usage of attractive artificial light sources, wide-spread use
of insecticides and introduction of parasitoids for control of
the gypsy moth (Goldstein 2003 [2010]). It is more com-
mon in the southern part of its distribution.
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Figure 2. Imperial moth, Eacles imperialis (Drury), distribution map.
Credits: Donald W. Hall, UF/IFAS (based on map from Tuskes et al.
1996)

Description

Eggs
The eggs are flattened elliptical and 3 mm (% in) in length
(Packard 1905; Peterson 1965). Newly laid eggs are white
(later becoming yellow), and the chorion (egg shell) is
transparent. The chorion is covered with minute pits. As
the embryo matures, its head capsule and segmentation are
visible through the chorion. Immediately prior to hatching,
the larval scoli (horns) are also visible through the chorion
and in some specimens have already assumed their dark
color (Eliot & Soule 1902; Soule 1902).

Figure 3. Imperial moth, Eacles imperialis (Drury), newly laid egg.
Credits: Donald W. Hall, UF/IFAS

Larvae

First instar larvae are orange with transverse black bands.
They have two long, black, forked scoli tipped with thin
white filaments on the second and third thoracic segments
and a single one on the eighth abdominal segment. The

other abdominal segments and the first thoracic segment
have shorter scoli.

Figure 4. Imperial moth, Eacles imperialis (Drury), mature egg.
Credits: Donald W. Hall, UF/IFAS

Figure 5. Imperial moth, Eacles imperialis (Drury), first instar larva.
Credits: Donald W. Hall, UF/IFAS

Second instar larvae are dark and the scoli are shorter in
relation to body length. There are also fine hairs on the

body.

Figure 6. Imperial moth, Eacles imperialis (Drury), second instar larva.
Credits: Donald W. Hall, UF/IFAS

The scoli of third instar larvae are even shorter in relation
to body length and pigmentation of the head is darker.

The scoli of fourth instar larvae continue the progression of
shortening in relation to body length and the hairs on the
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body are much longer. Color variants often appear in this
instar.

Figure 7. Imperial moth, Eacles imperialis (Drury), third instar larva.
Credits: Donald W. Hall, UF/IFAS

Figure 8. Imperial moth, Eacles imperialis (Drury), fourth instar larva
(dark brown).
Credits: Donald W. Hall, UF/IFAS

Figure 9. Imperial moth, Eacles imperialis (Drury), fourth instarrlarva
(burgundy).
Credits: Donald W. Hall, UF/IFAS

Full-grown (fifth instar) larvae are 75-100 mm (approx.
3-5%in.) in length (Godfrey et al. 1987). They are

highly variable in color ranging from light to dark brown,
burgundy, or green. The dark brown forms may be marked
with burnt-orange patches dorsally and surrounding the
spiracles. The area immediately around the spiracles is

white in brown larvae and yellow in green larvae. The scoli
of green larvae are yellow. Brown larvae are more common
than green ones (Donahue 1965, Goldstein 2003 [2010]).

Figure 10. Imperial moth, Eacles imperialis (Drury), fifth instar larva.
Credits: Donald W. Hall, UF/IFAS
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Figure 11. Imperial moth, Eacles imperialis (Drury), fifth instar larva.
Credits: Donald W. Hall, UF/IFAS
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Figure 12. Imperial moth, Eacles imperialis (Drury), fifth instar larva.
Credits: Donald W. Hall, UF/IFAS

For detailed descriptions of each instar, see Lintner (1869)
and Packard (1893 & 1905).

Goldstein (2003 [2010]) reared imperial moths from
Martha’s Vineyard, Massachusetts and reported that both
maternity and host plant affected whether larvae were green

Imperial Moth Eacles imperialis imperialis (Drury, 1773) (Insecta: Lepidoptera: Saturniidae: Ceratocampinae) 3



or brown with most of the green larvae appearing in larvae
reared on pine. A few of the larvae he reared even switched
from brown to green at one molt and then switched back to
brown at the next molt.

Figure 13. Imperial moth, Eacles imperialis (Drury), fifth instar larva.
Credits: Lyle Buss, UF/IFAS

Pupae
Pupae are dark brown with backward pointing spines on
the posterior margins—presumably to assist in emergence
from soil (Godfrey et al. 1987) and flanges on the anterior
margins of the abdominal segments (Mosher 1914 & 1916).
The abdominal segments are moveable but are prevented
from telescoping by the flanges. There is a bifurcated
cremaster at the tip of the abdomen (Mosher 1914 & 1916)
(Figures 14 and 15). Female pupae have a notched posterior
margin of the fourth abdominal segment behind the
segment that is partially covered by the developing wings.
Also, the female gonopores (genital openings of the adult)
consist of two longitudinal slits (Figure 15 [inset]).

Figure 14 Imperlal moth Eacles lmperlalls (Drury) female pupa. Inset
= female gonopores.

Credits: Donald W. Hall, UF/IFAS

In male pupae, the posterior margin of the fourth abdomi-
nal segment behind the segment that is partially covered
by the developing wings is entire, and the male gonopores
appear as two short tubercles (Figure 16 [inset]).

Flgure 15. Imperlal moth Eacles /mperlalls (Drury) female pupa. Inset
= female gonopores.
Credits: Donald W. Hall, UF/IFAS

Adults

The imperial moth has a wingspan of 80-174 mm (approx.
3-7 in.) (Beadle & Leckie 2012; Covell 2005). Females

are larger than males, and males tend to be more heavily
marked than females—especially in the south (Covell
2005). Moths from more northern areas tend to have fewer
dark markings, but both light and dark forms are found in
both northern and southern areas (Tuskes et al. 1996).

For more photographs of adults, see the North American
Moth Photographers Group website (References Cited
section below).

Male and female imperial moths may be differentiated by
the antennae. The antennae of males are quadripectinate for
the basal two-thirds and simple for the remaining length.
Female antennae are simple throughout their entire length.

Figure 16. Imperial moth, Eacles imperialis (Drury), adult male collected
July 6, 2014 at Mahomet (Champaign Co.), lllinois by June Schmid.
Credits: Donald W. Hall, UF/IFAS

Schmidt (1994) reported that males have at least some
purple on the ventral aspect of the ninth abdominal seg-

ment that was lacking in all females he examined. Females
are usually larger than males.
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Figure 17. Imperial moth, Eacles imperialis (Drury), adult male collecte
July 7,2001 at Branford (Suwanee Co.), Florida by J. Wilkerson.
Credits: Donald W. Hall, UF/IFAS

Figure 18. Imperial moth, Eacles imperialis (Drury), adult female
collected May 29, 2014 at Micanopy (Alachua Co.), Florida.
Credits: Donald W. Hall, UF/IFAS

Figure 19. Imperial moth, Eacles imperialis (Drury), adult female
collected September 2, 2014 at Micanopy (Alachua Co.), Florida.
Credits: Donald W. Hall, UF/IFAS

Life Cycle

In Florida and other southern areas, a few adults emerge in
spring or early summer, but most emerge in late summer.
This has led various authors (Covell 2005; Ferguson 1971;
Heitzman & Heitzman 1987) to report that there are two
generations per year. However, Tuskes et al. (1996) believe
that there is a staggered emergence with only a single
generation per year.
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Figure 20. Imperial moth, Eacles imperialis (Drury), female (top) and
male (bottom) antennae.

Credits: Donald W. Hall, UF/IFAS

Females of many species of moths are reported to be less
common at lights than males (Williams 1939). This is true
for imperial moths and other large saturniids (Worth 1979)
and is probably the result of females not flying as far as
males from the vicinity of host plants where they devel-
oped. The sex ratio bias against females of some species

at lights has been found to be reduced when lights are in
close proximity to host plants (Frank 2006). Adults emerge
before sunrise and mate after midnight (Tuskes et al. 1996).
Males tend to emerge several days before females. Females
lay eggs singly or in small groups on both sides of leaves
(Butterflies and Moths of North America web page, Tuskes
et al. 1996). Adults do not feed and are short-lived.
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Figure 21. Imperial moth, Eacles imperialis (Drury), ventral aspect of
abdominal segments showing purple pigment on male (left) and lack
of pigment on female (right).

Credits: Donald W. Hall, UF/IFAS
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Eggs hatch in 10 days to two weeks depending on
temperature. Newly hatched larvae eat their egg shells
(Stratton-Porter 1921). They swallow air and expand to a
length of 7-8 mm (Y- in) within about five minutes of
hatching. At least in captivity, they wander for several days
before settling down to feed on foliage. After molting and
sclerotization, larvae eat their exuviae (Figure 22, inset).

Figure 22. Imperial moth, Eacles imperialis (Drury), newly molted third
instar and exuviae. Inset = larva eating exuviae.
Credits: Donald W. Hall, UF/IFAS

Often the presence of feeding late instar larvae of imperial
moths and other large saturniids can be detected by the
presence of their characteristic fecal pellets on surfaces
(particularly on pavement) under the host trees (Figure 23).

Figure 23. Imperial moth, Eacles imperialis (Drury), fifth instar larva
defecating and fecal pellets (inset).
Credits: Donald W. Hall, UF/IFAS

When full grown, larvae cease feeding, crawl down from
the host plant, and wander along the ground searching for
a suitable site to burrow into the soil for pupation. During
this time they may undergo a slight color change, become
shortened, and are known as prepupae (Figure 24).

After burrowing into the soil, the prepupa forms a pupa-
tion cell in the soil. According to Tuskes et al. (1996),

the surfaces of the cell are formed with larval secretions.
However, Stratton-Porter (1921) was unable to detect any

evidence of larval secretions and believed that the surfaces

were formed by forceful packing of the soil by the prepupa.
The pupa escapes the prepupal exuviae by splitting the top

of the thorax (Figure 25).

—

Figure 24. Imperial moth, Eacles imperialis (Drury), prepupa.

Figure 25. Imperial moth, Eacles imperialis (Drury), fifth instar larval
(prepupal) exuviae after emergence of pupa (exuviae stretched for
photography).

Credits: Donald W. Hall, UF/IFAS

Pupae work their way to the surface prior to emergence of
the adults (Stratton-Porter 1921, Tuskes 1996). Stratton-
Porter (1921) reported that the pupae emerge from the soil
abdominal tip first.

Hosts

Imperial moth larvae are polyphagous with many recorded
hosts. However, there are probably regional differences in
food preferences (Ferguson 1971). All of the larvae pictured
here were raised on laurel oak, Quercus laurifolia Michaux,
except the green larva (Figure 13) which was collected by
Lyle Buss on live oak, Quercus virginiana Mill.

Rearing

Most females collected at lights have already mated and
readily lay eggs in captivity. Females are reluctant to mate
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in small cages, but ones reared in captivity may be tethered
outside to attract males. Worth (1980) designed a harness
for tethering large moths that he used to successfully obtain
mating of reared female imperial moths.

Caterpillars will feed on a variety of plant species in captiv-
ity (Tuskes et al. 1996). Villiard (1975) reported having the
best success with pines.

When larvae are full grown and cease feeding, loose soil
should be provided as a substrate for pupation.

Natural Enemies

Predators

The imperial moth probably has a variety of predators
during its life cycle including birds, mammals, and insects.
The long scoli of young instars may provide protection
from some insect predators. When threatened, late instar
larvae swing the thorax back and forth striking the poten-
tial predators with the thoracic scoli. Stratton-Porter (1921)
observed larvae successfully repelling small birds in this
manner.

Pupae probably gain protection from birds by pupating in
underground cells. However, they may serve as prey for
mammals that dig in the soil.

Adults remain motionless much of the time (Tuskes et al.
1996) and mimic the dead yellow leaves that are common
in forests about the time the moths are emerging. A number
of plant species (e.g., Vitis spp. and Cercis canadensis Lin-
naeus) have leaves that are similar in shape to an imperial
moth in its typical resting position (Figure 26). Many of the
leaves even have purple or brown patterns that enhance the
mimicry of the moths.

The low density of imperial moth populations (Tuskes et al.
1996) combined with the high variability of patterns in the
moths’ wings may prevent predators from forming search
images.

Parasitoids

At least five species of tachinid flies (Diptera: Tachinidae)
(Arnaud 1978 [p. 620]) and one species of ichneumonid
wasp (Hymenoptera: Ichneumonidae) (Krombein et al.
1979 [p. 538]) have been reported from Eacles imperialis.

Tachinid parasitoids of Eacles imperialis

Belvosia bifasciata (Fabricius)

Belvosia townsendi Aldrich

Drino incompta (van der Wulp)

Lespesia frenchii (Williston)

Winthemia citheroniae (Sabrosky)
Ichneumonid parasitoid of Eacles imperialis

Conocalama quebecensis (Provancher)
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Figure 26. Imperial moth, Eacles imperialis (Drury), image of adult
digitally pasted into photo with dead redbud, Cercis canadensis
Linnaeus, and muscadine grape, Vitis rotundifolia Michaux, leaves.
Credits: Donald W. Hall, UF/IFAS
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Table 1. Tuskes et al. (1996) listed the following plant species as being the most commonly reported hosts for the imperial moth.

Scientific Name Common Name Family
Pinus spp. pines Pinaceae
Acer spp. maples (including boxelder) Aceraceae
Quercus spp. oaks Fagaceae
Liquidambar styraciflua Linnaeus sweetgum Hamamelidaceae
Sassafras albidum (Nutt.) Nees sassafras Lauraceae

For more complete lists of recorded hosts, see Heppner (2003), Robinson et al. (undated), and Tietz (1972). Scientific names, common names, and distribution
maps for host plants can be found in the Plants Database—USDA Natural Resources Conservation Service (2014).
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