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ABSTRACT

Davis, Donald R., Olle Pellmyr, and John N. Thompson. Biology and Systematics of Greya
Busck and Tetragma, new genus (Lepidoptera: Prodoxidae). Smithsonian Contributions to
Zoology, number 524, 88 pages, 375 figures, 7 maps, 1992.—Greya is a genus of particular
biological interest, in that it is among the genera closest related to the yucca moths, which are
widely quoted in discussions of coevolution. Both Greya and the new genus Tetragma share
some morphological and behavioral traits with the yucca moths. In this paper, the general
morphology, classification, distribution, and biology of the western North American genera
Greya and Tetragma new genus, are reviewed, and a phylogeny is proposed. Sixteen species of
Greya are recognized, including seven new species: G. mitellae, G. obscura, G. enchrysa, G.
variabilis, G. pectinifera, G. suffusca, and G. powelli. Greya piperella is resurrected as a valid
species. The new genus Tetragma is described, with the single, new species T. gei. Keys are
provided for all species, and diagnostic characters of all taxa are illustrated by line drawings and
photographs.
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Biology and Systematics
of Greya Busck and
Tetragma new genus

(Lepidoptera: Prodoxidae)

Donald R. Davis, Olle Pellmyr,
and John N. Thompson

Introduction

The yucca-pollinating moths, 7egeticula and Parategeticula,
are probably the best known group of non-ditrysian moths.
Their status arises from the obligate pollination mutualism that
has evolved between most species of these genera and their
larval host plants (Riley, 1892a; Powell and Mackie, 1966;
Davis, 1967; Powell, 1984). Female yucca moths collect pollen
with specialized mouthparts prior to oviposition, then pollinate
flowers while visiting them for oviposition. Thus, they insure a
food source for their progeny, which feed on seeds or
vegetative parts of the fruit.

In contrast to the yucca moths and associated Agavaceae-
feeders, their probable sister group Greya has received far less
attention. No known morphological synapomorphy delimits
the Agavaceae-feeding genera from Greya, and it is likely that
an understanding of the phylogeny, systematics, host associa-
tions, and interactions of this genus would shed light on the
evolutionary origin of the yucca-yucca moth mutualism.

Although the first species now placed within Greya was
described in 1880 (Walsingham, 1880), the genus was not
recognized until 1903 (Busck, 1903). It has never been subject
to a modem revision, and Davis (1983) brought together
several taxa previously placed within other genera to list a total

Donald R. Davis, Department of Entomology, National Museum of
Natural History, Smithsonian Institution, Washington, D.C. 20560.
Olle Pellmyr, Department of Biological Sciences, University of
Cincinnati, Cincinnati, Ohio 45221 and Departments of Botany and
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Berkeley, California; and David L. Wagner, University of Connecti-
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of eight species. Eight new taxa are described in this report.
With the exception of a recorded single flower visit (Taylor,
1965) nothing was known about the early instars or the biology
of any member until oviposition in G. subalba was studied in
the 1980’s (Thompson, 1986, 1987). The onset of a large-scale
study of the phylogeny and biology by two of the authors in
1987 has led to rapid growth of our knowledge in this respect,
and much more material has also become available for
systematic studies. Although more information is likely to
become available to resolve certain issues (e.g., generic status
of two species currently unclear), we have chosen to publish at
this point to make the new names available. Although a
member a different subfamily than Greya, the new genus
Tetragma likewise is included to provide a name and to present
important biological information. The systematic parts of this
revision have been prepared by Davis and Pellmyr, while the
biological information was brought together by Pellmyr and
Thompson. In the biological sections, information without
specific references to other works is based on unpublished data
collected by the authors.

ABBREVIATIONS.—Abbreviations for the museums, institu-
tions, and private collections where the material examined is
deposited.

AMNH American Museum of Natural History, New
York, NY, USA

ANSP Academy of Natural Sciences in Phila-
delphia, Philadelphia, PA, USA

BMNH Collections of the former British Museum
(Natural History), now renamed as the
Natural History Muscum, London, United
Kingdom

CAS California Academy of Sciences, San Fran-
cisco, CA, USA



CNC Canadian National Collection, Ottawa, ON,
Canada

CU Comell University, Ithaca, NY, USA

DLW David L. Wagner, Storrs, CT, USA

LACM Los Angeles County Museum, Los Angeles,
CA, USA

MCZ Museum of Comparative Zoology, Cam-

bridge, MA, USA

OP Olle Pellmyr, Cincinnati, OH, USA. All
collections of Greya and Tetragma in collec-
tion OP are held jointly by OP and JNT, and
will eventually be placed in USNM

RBCM Royal British Columbia Museum, Victoria,
BC, Canada

RL Ron Leuschner, Manhattan Beach, CA, USA

UBCZ University of British Columbia, Vancouver,
BC, Canada

UCB University of California at Berkeley, Ber-

keley, CA, USA
Ul University of Idaho, Moscow, ID, USA
USNM Collections of the former United States
National Museum, now deposited in the
National Museum of Natural History, Smith-
sonian Institution, Washington, D.C., USA

United States Postal Service abbreviations for state and
Canadian province names used are as follows.

AB Alberta

AK Alaska

BC British Columbia
CA California
CT Connecticut
1D Idaho

MA Massachusetts
MT Montana

NY New York
OH Ohio

ON Ontario

OR Oregon

PA Pennsylvania
WA Washington

Other abbreviations:

AFB Slide number prefix for some slides made by
Annette F. Braun
DRD Slide number prefix for slides made by D.R.

Davis

Botanical nomenclature in this work follows Kartesz and
Kartesz (1980), except for Lithophragma, which follows
Taylor (1965), and Osmorhiza, which follows Lowry and Jones
(1984). Family affiliation and authors are given for all host
plants in Table 1.
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Life History

HOST PLANTS

Known host records are given in Table 1. Eggs are either laid
inside the ovary, in the ovary wall, in pedicels, petioles, or
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TABLE 1.—Host plants for Tetragma and Greya. Each record includes family (R = Rosaceae, S = Saxifragaceae,
U = Umbelliferae (Apiaceae)) and species of known host(s).

Moth species

Host species

Tetragma gei Davis and Pellmyr, new species
Greya punctiferella (Walsingham)

Greya piperella (Busck)

Greya mitellae Davis and Pellmyr, new species
Greya obscura Davis and Pellmyr, new species

Greya obscuromaculata (Braun)
Greya sparsipunctella (Walsingham)
Greya politella (Walsingham)

Greya enchrysa Davis and Pellmyr, new species

Greya variabilis Davis and Pellmyr, new species
Greya pectinifera Davis and Pellmyr, new species
Greya variata (Braun)

Greya subalba (Braun)

R: Geum triflorum Pursh
S: Tiarella trifoliata L.
Tolmiea menziesii (Pursh) Torrey and Gray
Tellima grandiflora (Pursh) Douglas
S: Heuchera cylindrica Douglas ex Hooker
H. micrantha Douglas
S: Mitella stauropetala Piper
S: Lithophragma affine Gray
L. cymbalaria Torrey and Gray
L. heterophyllum (Hooker and Amold) Torrey and Gray
L. trifoliatum Eastwood
Unknown
Unknown
S: Lithophragma affine Gray
L. bolanderi Gray
L. cymbalaria Torrey and Gray
L. heterophyllum (Hooker and Amold) Torrey and Gray
L. parviflorum (Hooker) Torrey and Gray
L. tenellum Nunall
Heuchera grossulariifolia Rydberg (also introgressed with H. cylindrica)
S: Heuchera cylindrica Douglas ex Hooker
H. grossulariifolia Rydberg (also introgressed with H. cylindrica)
Unknown
Unknown
Possibly on U: Osmorhiza occidentalis (Nuuall) Torrey
U: Lomatium ambiguum (Nuttall) Coulter and Rose

Greya solenobiella (Walsingham)

Greya suffusca Davis and Pellmyr, new species
Greya reticulata (Riley)

Greya powelli Davis and Pellmyr, new species

cioed

L. dissectum (Nuuall ex Torrey and Gray) Mathias and Constance
L. grayi (Coulter and Rose) Coulter and Rose
L. triternatum (Pursh) Coulter and Rose
L. macrocarpum (Nuttall) Coulter and Rose
: Yabea microcarpa (Hooker and Amold) Kozo-Poljansky
1 Osmorhiza brachypoda Torrey
: Osmorhiza chilensis Hooker and Amold
: Bowlesia incana Ruiz and Pavon

peduncles, depending on species. It should be emphasized that
all records refer to first-instar larvae. Larvae of all species
studied leave the host tissue at the end of the first instar, and the
subsequent fate is known for only two species.

Host specificity is very high in species with known hosts. Six
Greya taxa are known to be associated with Umbelliferae; five
of them appear to be species-specific, whereas the sixth is
limited to part of a genus. The species that feed on members of
Saxifragaceae vary between genus and species specificity. Only
G. politella is recorded from two genera. So far, the record of
Heuchera as a host is limited to populations along two rivers in
Idaho.

Tetragma gei, new species, differs from Greya in that it feeds
on a rosaceous host plant. Plesiomorphic genera, such as
Lampronia, feed on Rosaceae and Grossulariaceae (Heath and
Pelham-Clinton, 1976).

ADULT

FLIGHT PERIOD.—AII species are univoltine. Most species
oviposit in flowers or stems of a single host species, and their

phenology is constrained to match that of the host. For
example, in G. politella, which oviposits in the flowers of
Lithophragma parviflorum in SE Washington, adults are found
for about two wecks in any one population. Because of
altitudinal range and aspect differences, however, populations
may vary widely in emergence date; in the Blue Mountains of
Washington, populations within 10 km of each other emerge
one month apart. In addition, broad geographic range of some
species contributes to variation of emergence date; in southern
California, G. politella may emerge in early February, whereas
the same event happens in early July in the Canadian Rocky
Mountains.

Both Greya and Tetragma probably evolved within the
semiarid areas of western North America, which is reflected in
their life cycle. Most taxa go through the adult stage in early
spring-summer, before onset of the summer drought. In SE
Washington, most species are found between April and early
June. The few species that encounter moister regimes (e.g., G.
variabilis, G. pectinifera, G. punctiferella) appear later in the
season.



It is quite common to find several Greya species simultanc-
ously in many habitats. We have observed (in Washington) as
many as five species within an area less than 100 m? on the
same day. Host specificity and utilization of different parts of
shared hosts may play an important role in this high species
packing. Most species can reach rather high density in their
populations, with infestation frequency of host plants some-
times reaching and exceeding 25%. In some host plant
populations, virtually all plants are infested in some years.

ACTIVITY PATTERN AND FORAGING.—AII species are diur-
nal, although an occasional specimen has been caught in light
traps (G. mitellae and T. gei). Although it is our impression that
most species are active throughout the day, J.F. Gates Clarke
(pers. comm.) observed that G. variabilis in the alpine region of
the Queen Charlotte Islands were active primarily in the early
moming hours, especially between 0800 and 0900 h. It has
been recorded at other times of the day elsewhere. Most species
also fly actively at dusk, but generally settle within an hour
after sunset. For example, G. enchrysa is active during most of
the day, but oviposition and mate search reaches a distinct peak
for about one hour just after sunset. This may in part be due to
lower wind velocities, to which the moths are very sensitive.
When G. enchrysa and G. piperella coexist, the former is
typically active for an additional hour after G. piperella has
ceased flight.

Nectar foraging has been observed in seven species. Greya
politella (Figure 1) and G. enchrysa (Figure 7) take nectar only
of their larval hosts. Four other taxa nectar on their larval host
and other specics as well: G. mitellae has been observed
feeding on Mitella stauropetala and on Osmorhiza chilensis, G.
obscura on their local Lithophragma host and on Dentaria
californica, G. piperella on Heuchera cylindrica and Litho-
phragma parviflorum, and G. solenobiella on Lithophragma
affine, L. parviflorum, and Plectritis macrocera (Valeriana-
ceae). Greya pectinifera and G. variabilis, for which the host
plants are unknown, have been observed taking nectar on
Platanthera stricta (Orchidaceae) (Patt, 1986; Patt et al., 1989,
given as Greya sp.). It seems probable that more of the
flower-ovipositing species will be found to take nectar. In
contrast, G. subalba and G. powelli apparently do not take
nectar at all; they have never been observed nectaring, and the
haustellum of G. subalba is sometimes reduced.

Despite extensive observation, nectaring has never been
observed in Tetragma gei. The relatively long haustellum
would suggest that it may occur, but Geum triflorum flowers
used for oviposition are past the stage of nectar production and
their nectar would be very difficult to access even in the best of
times because of its location deep inside the flower.

CourTsHIP.—Courtship and/or mating has been observed in
six specics.

There is behavioral evidence of a female pheromone in G.
politella. A virgin female brought into the laboratory refused to
oviposit for two days (in contrast to other females), and instead
perched for hour-long periods with the abdomen raised, and
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eighth segment and the ovipositor extended. When a male was
introduced into the cage on the second day, mating followed
immediately upon male wing-fanning. Males also pursue
ovipositing, resting, or feeding females on flowers. Courtship
includes rapid wing-fluttering and abdomen-bending. If the
female flees to other flowers, the male may pursue her for
several flowers. Such courtship almost always ends in
rejection. Copulation occurs in the usual head-apart posture,
with the male hanging below the female (Figure 4).

Courtship behavior is quite similar in both G. obscuraand G.
enchrysa, with males courting females as they rest on the host
flowers. A mating pair of G. obscura was found at 0900 h at the
base of a Lithophragma stem; a fresh pupal exuviae below may
indicate that the female mated soon after eclosion. A mating
pair of G. enchrysa was found resting on an inflorescence of H.
cylindrica at 0920 h; the male also sat on the flowers.

In G. subalba, males fly among umbels of Lomatium spp. in
search of females. Females spend much of their time on umbels
throughout both the day and night, ovipositing during the day
and resting during the night and cloudy or cool periods of the
day. Both resting and ovipositing females are commonly
harassed during the day by males attempting to mate with them.

In G. mitellae, males move quickly between flowering
ramets, running up and down the inflorescences in search of
mates. Either sex will be courted by males. The males are quite
aggressive, and unwilling females flee immediately. Copula-
tion has not been observed.

A female sex pheromone recently was isolated from
abdominal tips of the prodoxid Lampronia capitella (B.
Kovalev and C. Lofstedt, in litt.). This genus is closely related
to Greya. The isolated substance, Z11-tetradecenyl acetate,
proved highly attractive to males in field tests. This is evidently
the first identification of a female sex pheromone in a
non-ditrysian moth.

OVIPOSITION.—The oviposition of G. subalba has been
described in detail (Thompson, 1987). The female positions
herself head upward on an immature Lomatium schizocarp,
piercing with the cutting ovipositor into the space between the
schizocarp wall and the endosperm (Figures 5, 6). One or two
eggs arc usually laid per schizocarp. The average oviposition
lasts for 162 seconds. Ovipositing females generally lay eggs in
only a few schizocarps on each umbellet they visit, and exhibit
a constant probability of leaving an umbellet after each egg is
laid. Consequently, some umbellets receive more eggs than
others. Females do not appear to choose schizocarps of
particular sizes within umbellets (Thompson, 1987). Moreover,
there is no indication that they avoid schizocarps that already
contain eggs or larvae. Thompson (1987) suggested that
selection may have favored females that distribute their eggs
among umbellets in a way that maximizes unpredictability on
larval dispersion to a searching parasitoid. Females of a
braconid wasp, Agathis thompsoni, carefully search umbellets
for G. subalba larvac and are the only known major enemics of
the larvae while they are within the schizocarps (Thompson,
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1986). The pattern of oviposition of G. subalba results in a
broad distribution of larvae within and among plants. In a
population of L. dissectum studied for three consecutive years,
virtually all plants had between 10% and 65% of their seeds
infested by G. subalba (Thompson, 1987).

The female of G. powelli oviposits into the ovary of
Bowlesia incana, an umbellifer. Usually a single egg is laid into
cach ovary, which consists of a single ovule. Similar behavior
is present in G. solenobiella, which oviposits into developing
schizocarps of Yabea microcarpa. Greya suffusca oviposits
into the developing seeds of Osmorhiza brachypoda at the
suture between the ovaries (Figure 15), depositing an egg partly
or wholly inside either of the ovaries. Similar behavior has been
reported for G. reticulata, which oviposits into the developing
schizocarps of Osmorhiza chilensis (J. Powell, unpubl. data). In
all species that oviposit into umbellifer seeds, the female
typically sits with her feet on the stylopodium, cutting into the
schizocarp at a point determined by the length of the
developing fruit. In the ovoid-fruited Yabea, this usually means
a basal incision, while in the slender Osmorhiza most insertions
appear near the middle.

We have extensive observations on oviposition behavior for
G. politella, which oviposits on many species of Lithophragma
and at least one Heuchera species. Females invariably take
nectar on a flower before ovipositing into it (Figure 1). After
nectaring, the abdomen is pushed down the floral hypanthium
(Figures 2, 3). In some hosts, the ovipositor cuts through the
nectariferous disk at the top of the ovary, and one or more eggs
are laid inside the ovary. In other species, the ovipositor is
inserted between the non-fused styles, and the eggs are laid
inside the ovary. A female may fly elsewhere, return to the
same flower, or visit other flowers on the same inflorescence
for subsequent ovipositions.

Females of G. mitellae cut into the ovary wall of Mitella
stauropetala, laying single eggs within the adnate calyx and
ovary wall (Figures 117-119). They have also been observed
1o oviposit into pedicels and petioles. In G. obscura, females
cither cut through the ovary wall of Lithophragma from the
outside, depositing one or several eggs inside the ovary wall, or
place single eggs in the stem pith. In G. punctiferella, females
cut into the ovary of Tiarella trifoliata and deposit an egg
inside it; repeated observations of insertions into pedicels and
peduncles suggest that eggs may be deposited in those parts as
well (Figure 10). In one California population, females deposit
their eggs into the ovary or calyx of Tolmiea menziesii and
Tellima grandiflora. In G. piperella, moths walk down
Heuchera cylindrica inflorescence stalks still in bud, deposit-
ing single eggs at intervals of 2-10 mm into the stem. We have
seen up to 11 ovipositions in a row by a female. In one
population, the host is Heuchera micrantha; the oviposition
site is unknown. Greya enchrysa oviposits into flowers of H.
cylindrica and H. grossulariifolia (Figure 8). The carpels of the
host are not fused but merely appressed to each other, and the
female sits atop, pushing her ovipositor down between the
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edges to the center of the ovary, where a cluster of eggs (Figure
181) is deposited. Most ovipositions in Greya species last
between 25 seconds and 10 minutes.

The female of Tetragma gei oviposits into the ovaries of
partly developing ovules of Geum triflorum (Figures 11-14).
Some flowers allow relatively easy access to ovules, while in
others the moth may have to work very hard to reach the
ovaries. In such cases, it may take the moth 20 to 30 minutes to
reach it, and an oviposition of a single egg may take about 1
hour. In such cases, the female, who possesses the most
elongate, telescoping abdomen of any known prodoxid (Figure
63), backs down into the flower so deep that the wings are
folded over the body, with only the wingtips visible in profile
(Figure 14).

There is no indication of an oviposition-deterring pheromone
in any species. In species such as G. politella, G. enchrysa, and
Tetragma gei, the same female or another individual may
oviposit in a structure seconds after a previous oviposition.

EcG

Little is known about egg biology. In Greya subalba, most
eggs are laid in the middle third of the schizocarp as a
consequence of the way in which females position themselves
on schizocarps while ovipositing. In G. politella, eggs are laid
in columns between the rows of ovules, and they hatch about
6-8 days later. Similar time periods are indicated in G.
piperella and Tetragma gei. In G. enchrysa, the duration of the
egg stage is 9-10 days.

LARVA

Biology of the first-instar larva is known in part for several
species (Thompson, 1987, and unpubl. data), but we only know
the penultimate and ultimate instar for G. politella and G.
obscura. In G. politella, the larva emerges about one week after
the host flower has shed its petals. One to several larvae may be
found in the syncarpous capsule of Lithophragma. Individual
seeds are excavated by the larvae, leaving seed coat fragments
behind. The fully grown first-instar larva, which is about 2 mm
long, leaves the capsule after about two weeks. Larvae exit by
eating through the ovary wall or through the gradually opening
capsule apex. The subsequent spring, penultimate (4th ?) and
ultimate (Sth ?) instar larvae feed on early leaf sheaths and
flower buds, or most commonly on foliage. The last-instar larva
folds part of a large leaf or an entire small one, and ties it below.
It feeds inside this shelter, and pupates in a loose cocoon that is
thickest near the caudal end.

Observations of just-hatched first-instar larvae of G. obscura
in L. affine followed the patterns seen in G. politella.
Last-instar larvae and pupae are found inside folded leaves of
their host, in a fashion indistinguishable to us from that of G.
politella. The cocoon is more uniform in its silk density than
that of G. politella.






