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ABSTRACT

Davis, Donald R., and Jonas R. Stonis. A Revision of the New World Plant-Mining Moths of the Family Opostegidae (Lepidoptera: Nepticu-
loidea). Smithsonian Contributions to Zoology, number 625, 212 pages, 503 figures, 19 maps, 2 tables, 2007. — The systematics, morphology,
and distributions are summarized for the 91 species and 2 subspecies of New World Opostegidae. A phylogenetic analysis using the “parsi-
mony rachet” in Winclada and based on 34 morphological characters for the seven currently recognized world genera indicates the monotypic
Chilean genus, Notiopostega, to be the basal taxon. Monophyly of the Nepticuloidea (Nepticulidae + Opostegidae) is well supported by nine
morphological synapomorphies. Several synapomorphies distinguish the Opostegidae from all other Lepidoptera. Principal among these are
the presence of a single, spinose seta on the larval mandible, adult wing venation extremely reduced with all veins unbranched, frenulum lost
in both sexes, antennal flagellomeres each typically with 3 sets of ascoid sensillae, and a pedunculate, typically elliptical, cucullar lobe bearing a
well-developed pectinifer on the valva of the male genitalia. Larval biologies of only two New World species are known. Larvae of both species
mine primarily the cambium layer in woody plant stems. Results from light trap sampling at the La Selva Biological Station in Heredia Province,
Costa Rica, indicated that adult Opostegidae were much more abundant in canopy habitats compared with near-ground level. Four genera
(Neopostega new genus, 5 species; Notiopostega Davis, 1 species; Opostegoides Kozlov, 1 species; and Pseudopostega Kozlov, 84 species and 2

subspecies) are recognized for the New World. One genus (Neopostega) and the following 68 species and 2 subspecies are described as new:

Neopostega asymmetra
Neopostega distola
Neopostega falcata
Neopostega longispina
Neopostega petila
Pseudopostega acrodicra
Pseudopostega acuminate
Pseudopostega apotoma
Pseudopostega attenuate
Pseudopostega beckeri
Pseudopostega bicornuta
Pseudopostega bidorsalis
Pseudopostega brachybasis
Pseudopostega breviapicula
Pseudopostega brevifurcata
Pseudopostega brevivalva
Pseudopostega caulifurcata
Pseudopostega clavata
Pseudopostega colognatha
Pseudopostega concave
Pseudopostega conicula
Pseudopostega constricta
Pseudopostega contigua

Pseudopostega curtarama
Pseudopostega denticulate
Pseudopostega didyma
Pseudopostega diskusi
Pseudopostega divaricata
Pseudopostega dorsalis dorsalis
Pseudopostega dorsalis fasciata
Pseudopostega duplicate
Pseudopostega ecuadoriana
Pseudopostega ferruginea
Pseudopostega floridensis
Pseudopostega fumida
Pseudopostega galapagosae
Pseudopostega gracilis
Pseudopostega lateriplicata
Pseudopostega latiapicula
Pseudopostega latifurcata latifurcata
Pseudopostega latifurcata apoclina
Pseudopostega latisaccula
Pseudopostega lobata
Pseudopostega longifurcata
Pseudopostega longipedicella
Pseudopostega microacris

Pseudopostega mignonae
Pseudopostega monstruosa
Pseudopostega obtuse
Pseudopostega ovatula
Pseudopostega parakempella
Pseudopostega paraplicatella
Pseudopostega plicatella
Pseudopostega resimafurcata
Pseudopostega rotunda
Pseudopostega sectila
Pseudopostega serrata
Pseudopostega spatulata
Pseudopostega sublobata
Pseudopostega subtila
Pseudopostega suffuscula
Pseudopostega tanygnatha
Pseudopostega tenuifurcata
Pseudopostega texana
Pseudopostega triangularis
Pseudopostega truncate
Pseudopostega tucumanae
Pseudopostega turquinoensis
Pseudopostega uncinata.

Pseudopostega crassifurcata
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INTRODUCTION

postegidae are a morphologically distinct family of small, predomi-

nantly white moths whose females possess a primitive, monotrysian

reproductive system. Together with their sister family, Nepticu-

lidae, the Opostegidae contain some of the smallest Lepidoptera
known, with a wingspan ranging from 4 to 16 mm. Although generally global
in distribution, evidence now indicates the greatest diversity for Opostegidae
occurs in the continental tropical/subtropical regions. One of the more obvious
diagnostic features of the family is the greatly expanded antennal scape (Figures
5, 6, 8, 10, 12), which entirely covers the eye at rest and is the origin for the
names of the type genus and family [derived from the Greek opos (eye) and stego
(cover)]. The Nepticulidae also possess an enlarged scape (but usually developed
to a relatively lesser degree), as well as a short, nonpiercing ovipositor superfi-
cially similar to that of Opostegidae. Opostegidae are easily distinguished from
Nepticulidae by their more specialized larvae, the presence of ascoid antennal
sensillae (Figures 14, 58), and the development of a highly modified, peduncu-
late cucullar lobe on the male valva that bears a prominent pectinifer consisting
of a single row of blunt spines (Figure 44).

Since the first reported discovery of a member of this family in 1813 (Pseudo-
postega auritella (Hubner)) and the family formally recognized as one (Opostegides)
of seven groups under Tineidae by Meyrick (1893), the world literature concerning
Opostegidae has largely consisted of poorly diagnosed species descriptions without
illustrations. Within the past 15 years, notable efforts have appeared to raise this
family from obscurity. The first of these was a generic review of the family and
world catalogue (Davis, 1989), followed by a revision of the Oriental Opostegidae
(Puplesis and Robinson, 1999), and most recently by a review and world catalogue
of the Nepticuloidea and Tischerioidea by Puplesis and Diskus (2003). Before 1985,
only one generic name, Opostega, had been proposed in this cosmopolitan family.
This conservatism was largely a result of the superficial morphological uniformity of
these moths apparent to earlier workers as well as the lack of serious morphological
examination. In a brief but significant review of a few Asian Opostegidae, Kozlov
(1985) proposed the new genus Opostegoides and the subgenus Pseudopostega.
Davis (1989) soon afterward proposed three additional genera and recognized Pseu-
dopostega as a distinct genus. The present study continues our investigations on the
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diversity and systematics of the Opostegidae with a revision
of the New World fauna. Of the 91 species recognized for
the New World, nearly 75% (i.e., 68 new species, and 2 new
subspecies) are proposed for the first time, in addition to one
new genus, bringing the total world’s fauna to seven genera,
196 species (including 2 species of Pseudopostega and 7 spe-
cies of Opostegoides, which were described but unnamed by
Puplesis and Robinson, 1999), and 2 subspecies. In addition,
at least three Neotropical species examined during the course
of this study are believed to represent new taxa but were not
named because of their poor physical condition.

Many factors combine to entitle the Opostegidae as
arguably the most difficult family among all Lepidoptera
to study. The small size and apparent rarity of most spe-
cies of Opostegidae, coupled with the great difficulty in
locating their usually well concealed, plant-mining larvae,
undoubtedly have hindered previous attempts to collect
and study this group. The often sparingly marked and
similar forewing pattern of most species, together with the
possibility for appreciable pattern variation (see Figures
183-190), necessitate that nearly every specimen be dis-
sected for species identification; this is particularly true
in areas of high species diversity, such as the Neotropi-
cal Region. Furthermore, the one feature of the forewing
typically exhibiting the most consistent (and often only)
pattern—the subapical strigula—is largely confined to the
terminal fringe of the wing, the region most frequently
damaged and largely missing in flown adults. Because the
forewings are often similar or variable in pattern, the as-
sociation of males and females within species is frequently
difficult and sometimes impossible unless adequate series
are available for comparison. The small size of the male
genitalia equals that of the Nepticulidae, but the male
genitalia of Opostegidae, particularly of the most speciose
genus Pseudopostega, are usually more complex and more
difficult to prepare and illustrate properly.

Recent collecting over much of the Neotropical Region
during the past two decades has provided sufficient mate-
rial to encourage the first species-level examination of this
fauna. Although many problems still persist and remain
unanswered, we believe that the present effort has signifi-
cantly improved our understanding of this family and will
greatly facilitate any future work on these moths.
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MATERIALS AND METHODS

Nearly 1600 adults were examined, identified, and bar-
coded during this study. Not included were more than 90
undetermined females that could not be associated with
any male and about 20 specimens of unknown sex lack-
ing abdomens. Because the genitalia provide the sole means
for determining the sex of an adult of this family, the un-
determined sex of those species examined that could be
identified but which lacked abdomens are recorded in the
material examined sections as UNK (sex unknown).

ALAS SURVEYS. The most thoroughly surveyed
Neotropical site for Opostegidae was at the La Selva Bio-
logical Station near Puerto Viejo de Sarapiqui, 10°26'N,
84°01'W, at 50 to 150 meters (m) elevation in the prov-
ince of Heredia, Costa Rica, where approximately 10%
of all the specimens studied originated. At this site most
specimens (~150) were collected during the ALAS (Arthro-
pods of La Selva) III Microlepidoptera survey with 8-watt
(W) Entotech blacklight traps during an 18-month period,
from January 1998 through June 1999. This method was
supplemented by sporadic mercury vapor light collecting at
sheets between January 1993 and June 1996. More details
relating to the quantitative blacklight sampling conducted
during this survey were summarized by Davis (2003) and
can be accessed through the ALAS website (http://viceroy
.eeb.uconn.edu/ALAS/ALAS.html) under “collection data
for ALAS quantitative samples.” Because several families
of Microlepidoptera were the focal taxa for one portion
of this survey, the traps were covered with a wire cage
possessing a mesh size of 0.5 inch (1.27 c¢m) to exclude
large insects that might otherwise damage the focal taxa.
Traps were operated in pairs—one suspended in the can-
opy about 20-35 m high, and another on the ground be-
neath it. On each night of sampling, one trap pair was run.
Trapping was conducted on two or three nights per week,
rotating the paired traps among the six sites (7-18) listed
below. For 14 of the 372 individual samples, the traps
malfunctioned when the fluorescent light failed to operate.
The data provided refer to the following information: e.g.,
7 [site number], SOR [La Selva trail name “Sendero Ori-
ental”] 750 [meters from main laboratory clearing], 778,
1618 [GIS (Geographic Information System) coordinates],
canopy [trap location].

7, SOR [Sendero Oriental] 750, 778, 1618, canopy
8, SOR 750, 789, 1642, ground
9, CCC [Camino Circular Cercano]550, 1019, 898,
canopy
10, CCC 550, 1035, 876, ground
11, Arboleda [Arboretum], 896, 469, canopy
12, Arboleda, 881, 461, ground
13, CES [Camino Experimental Sur] 350, 566, 464,
canopy
14, CES 350, 529, 485, ground
15, STR [Sendero Tres Rios] 650, 0, 0, canopy
16, STR 650, 0, 0, ground
17, STR 2000, 912, —675, canopy
18, STR 1800, 901, -664, ground

All La Selva specimens collected from these sites bear
a three-part label: e.g., “L [light trap]/14 [trap site|/411 [a
unique sequential number for all blacklight samples com-
mencing with the ALAS I survey of 1993].” Based on the
data accumulated by the ALAS III survey, the species rich-
ness of Opostegidae for the area was computed with the
assistance of J. Longino using R. Colwell’s EstimateS pro-
gram (version 7.5, 2005), which can be downloaded from
the website http://purl.oclc.org/estimates.

More recent collecting has been conducted on the
ALAS IV Volcan Barva transect (2001-2005) following a
protocol similar to that used in ALAS I, except that only
ground-level collecting was performed. Because of the rela-
tive remoteness of the Barva sites, fewer nights of collect-
ing were possible at any one of the five elevational stations
than was accomplished during the 18 months sampled at
La Selva during ALAS III. Only three species [Pseudopo-
stega dorsalis fasciata (1 specimen, Finca Murillo), P. sal-
tatrix (7 specimens, El Ceibo; 1 specimen, Finca Murillo),
and P. serrata (2 specimens, El Ceibo; 1 specimen, Finca
Murillo)] of Opostegidae were collected during ALAS IV.
Poorer sampling results for Opostegidae are probably the
consequence of not only the fewer nights sampled but
also the lack of canopy sampling (and half as many trap
samples), which produced the largest number of Opostegi-
dae during ALAS III, as well as the higher elevation (300-
2000 m) of the five ALAS IV sites. The El Ceibo site was
located at approximately 500 m, with Opostegidae mostly
collected from mercury vapor light sheets near the edge of
primary forests; the Finca Murillo site was at 1500 m, with
Opostegidae collected from light traps in primary forests.

COLOR [LLUSTRATIONS. Because the great ma-
jority of the moths examined in this study were unspread,
or variably denuded of scales in some cases, photography



was usually unsatisfactory for adult illustrations. Instead,
color illustrations of the adults were prepared by JRS and
V. Malikul using Faber-Castell artists’ watercolor pencils.
To complete the accuracy of the species portrayed, compos-
ite drawings utilizing both forewings of a specimen, or even
more than one conspecific specimen, were composed for a
few illustrations when necessary.

MEASUREMENTS. Two comparisons of the
relative development of the adult compound eye are pro-
vided: eye index (= vertical height of frons/vertical diame-
ter of eye x100); and interocular index (= vertical diameter
of eye/minimum interocular distance across frons) (~ mid-
way between antennal bases and tentorial pits). Lengths
measured for male genitalic comparisons are shown in
Figure 44.

GENITALIC PREPARATION. As  previously
noted, the male genitalia of Opostegidae are typically
quite small, with the length of the genital capsule (mea-
sured from the anterior apex of the vinculum to the cau-
dal tip of the socii) being sometimes as small as 0.2 mm.
Consequently, dissection and slide preparation of the
smallest species can be difficult; this is particularly true
for members of the genus Pseudopostega wherein the cos-
tal process (apodeme) of the valva is tightly connected to
the gnathos, thereby restricting the opening of the valvae.
After macerating the abdomen in 10% KOH and subse-
quent cleaning and staining (usually with chlorozol black
or mercurochrome), the male genitalia and abdomen were
mounted ventral side uppermost. Occasionally the genital
capsule was left attached to the abdomen to stabilize the
specimen in the mounting media (either euparol or bal-
sam). For those specimens in which the genitalia were left
attached, any tissue remaining within the capsule was re-
moved through a small incision between abdominal seg-
ments 6 and 7. Either one (right side) or both valvae were
opened for final mounting. Leaving one valva closed may
still reveal diagnostic characters and minimizes possible
damage. For consistency of morphological comparisons it
is best to illustrate the open (mesal) view of the valva. In
the case of male Pseudopostega, it is usually necessary to
sever the spring-like connection of the costal process by
separating the valva from the process; this may be done
by using two minute probes fashioned from the smallest
minuten pins with their tips bent at 45°. During this proce-
dure, care must be taken to prevent severing the relatively
large cucullar lobe, which may be attached to the base of
the valva by a pedicel that can constrict to less than 15
micrometers (pm) in diameter (see P. galapagosae, Figure
334). When at least partially sclerotized, the aedoeagus
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is removed and mounted ventral side up alongside the
genital capsule. It is usually better to illustrate the genital
capsule while it is temporarily stored in glycerin, not only
to avoid any later depression artifact caused by mounting
but also to be able to examine and draw a lateral view
of the gnathos when necessary. Often the valva can also
be illustrated in this manner. Female genitalia were simi-
larly cleaned, stained, removed from the abdomen, and
mounted either ventral side uppermost or dorsally to dis-
play the dorsal papillae anales better.

PRELIMINARY GENETIC ANALYSIS. Sixty spec-
imens representing 51 species and 2 proposed subspecies of
New World Opostegidae were sent to Paul Hebert, Univer-
sity of Guelph, for sequencing as part of the Barcode of Life
project (Hebert et al., 2003) in which an approximately 648
base pair (bp) region of the mitochondrial gene, cytochrome
¢ oxidase 1 (CO1-5), is utilized. The standard protocol for
DNA extraction, amplification, and sequencing of the bar-
coding region of the CO1 gene is provided in Hajibabaei et al.
(2005, 2006). Sequences and voucher specimen data for the
Opostegidae examined are included in the Basal Lepidoptera
section of the Barcode of Life website (www.barcodinglife.
org). Unfortunately, because fresh material is difficult to ac-
quire in this poorly sampled family, only dried specimens col-
lected from 5 to approximately 20 years ago were available
for DNA analysis. The oldest sample sequenced, Pseudopo-
stega latisaccula new species (468 bp recovered), was collected
in 1965. Also because of the inherent lack of study material,
only hindlegs could be provided for a majority of the species,
some of these from unique holotypes. Because the sequencing
of this difficult material is still ongoing (sequences for only 28
species have been recovered thus far, 5 of which are <400 bp),
comments on only a few, better resolved taxa are mentioned
in the present study.

BIOLOGY OF THE OPOSTEGIDAE
DisTRIBUTION AND DIVERSITY

A general world distribution for the family based on
the type localities of 103 species as recognized at the time
was summarized by Davis (1989). Of the 196 species cur-
rently known, approximately 87% occur in subtropical to
tropical regions (Figure 1). Of these, 83 species (or 42%
of the world fauna) are known to be restricted to the Neo-
tropical Region. Four of the seven genera now recognized
within Opostegidae occur in the New World. Notiopo-
stega consists of a single species from the Valdivian forests
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Neotropical 83 (42%)

Nearctic 8 (4%)
Oceanic 6 (3%)

Palearctic 18 (9%)

Afrotropical 16 (8%)

Indomalayan 45 (23%)

Australian 20 (10%)

FIGURE 1. Relative species diversity of Opostegidae according to biogeographic region.

of southern Chile (Map 1). The new genus Neopostega is
composed of five species endemic to the Neotropical Re-
gion (Map 1). The predominantly Palearctic/Indomalayan
genus Opostegoides is represented in the New World by a
single, widespread species, O. scioterma, across the north-
ern USA and southern Canada (Map 1). It is possible that
this species may have been an early introduction into North
America, although no known Old World species appears
conspecific. The highly apomorphic genus Pseudopostega
is by far the most diverse genus in both hemispheres with
84 New World species now recognized (92% of the total
fauna for this region). The Oceanic genus Paralopostega
comprises six species endemic to the Hawaiian Islands.
Eosopostega, originally described from southern Japan, is
now known to include a second species from the Moluccas
Islands of Indonesia (Puplesis and Robinson, 1999). The
distributional limits of the Old World genus Opostega will
continue to be uncertain until the remaining unstudied

species originally attributed to ‘Opostega’ have been dis-
sected. Currently it is believed that most of these species
will be transferred to other genera, most probably Pseu-
dopostega, with the primary center of true Opostega lying
within the Palearctic Region. Although no records of Opo-
stegidae have been reported for Madagascar, DRD will be
describing a new genus and two species from that region
as well as one new genus and species from Australia.

The global diversity of Opostegidae is obviously much
greater than previously known, as shown by recent collect-
ing, particularly during the ALAS III survey at the La Selva
Biological Reserve, Costa Rica. The latter effort has clearly
revealed the rich diversity of the family within a lowland
rainforest habitat compared to more xeric or higher eleva-
tion habitats. Because of the logistics involved in operating
the light traps, the area of the La Selva Preserve that was
actually surveyed by systematic collecting was restricted to
the most northern portion of the nearly 1600 hectare site.
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Notiopostega atrata
Neopostega longispina
Neopostega falcata
Neopostega asymmetra
Neopostega petila
Neopostega distola
Opostegoides scioterma

hoeetem g

MAP 1. Distribution of New World Opostegoidinae.

Although somewhat limited, the sampling was conducted in
areas of diverse vegetation including both primary and sec-
ondary rainforests both at ground level and in the canopy.
Of the 154 specimens of Opostegidae collected during the
ALAS III sampling, 132 could be identified to species. Pre-
liminary sorting by DRD resulted in seven supposed mor-
phospecies. Upon dissection these were found to represent
17 species, of which only one (Pseudopostega saltatrix) had
been named previously. This exercise clearly illustrated the

gross margin of error that can result in biodiversity analy-
ses involving some microlepidoptera families when only
morphospecies estimates are considered. Based on these
data, a species accumulation curve (Figure 2) was calcu-
lated using the EstimateS version 7b1 program (Colwell,
2005), using 100 randomizations of sample order. Many
samples were represented by either singletons or double-
tons with the respective curves continuing relatively level
and neither converging nor decreasing. The Sobs curve in
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FIGURE 2. Estimate species accumulation curve for Opostegidae sampled during ALAS III survey, La Selva Biological Station, Puerto Viejo,

Costa Rica. Sobs is the number of observed species in a sample; ACE (Abundance-based Coverage Estimator) is the species richness estimate

based on the sampling protocol.

Figure 2 represents the number of species observed in a
sample. Although the species richness estimate curve (ACE)
is still ascending, it appears to be leveling at approximately
20 species. This finding suggests that the sampling effort
represented a fair estimation of the species diversity for the
area. Figure 3 shows the total species accumulation curve
(all) and the species accumulation of the two component
samples from ground level (G) and canopy (C) together
with their respective 95% confidence intervals (G, ,; C,,).
The comparison of species richness from different data sets
is discussed by Colwell et al (2004). The parallel, overlap-
ping accumulation curves show no significant difference be-
tween the species communities of the ground and canopy
samples, but only a lower abundance in the ground traps.
Figure 4 shows the proportion of individuals collected
in canopy traps (gray bars) versus ground traps (white

bars), plotted against the rainfall recorded for the entire
sampling period, January 1998 to June 1999. Rainfall re-
corded during December 1998 was unusually high in a pe-
riod that normally marks the beginning of the dry season
at La Selva. Adult Opostegidae were far more abundant in
the canopy compared to near ground level. These results
contrasted sharply with the collection data from the same
survey for the principally mycophagous family Arrheno-

phanidae, for which no adults were reported from canopy
traps (Davis, 2003).

Lire HisToRry
Little is known about the biology of this family. Only

11 species, or approximately 6% of the 196 currently rec-
ognized species, have been reared. Their hosts represent a
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broad spectrum of six plant families, including Betulaceae,
Boraginaceae, Fagaceae, Polygonaceae, Rutaceae, and Sax-
ifragaceae (Table 1). Six of the 11 reared species are mem-
bers of the endemic Hawaiian genus Paralopostega, which
mine the leaves of Melicope (=Pelea). Strong evidence ex-
ists suggesting that the Palearctic Opostega spatulella H.-S.
may be a leaf-stem miner on Salix (Puplesis et al., 1996;
Puplesis and Diskus, 2003), although Barrett (1877) ob-
served it to be commonly associated with Ulmus. Simi-
larly, van Nieukerken (1990) has reported evidence that
Pseudopostega auritella (Hubner) is a miner in the stems of
Lycopus europaeus L. (Lamiaceae). Varying circumstantial
evidence has associated Opostegoides menthinella (Mann)
and 2 Palearctic species of Pseudopostega with the plant
families Cistaceae (Cistus sp.) and Lamiaceae, respectively.
Pseudopostega chalcopepla (Wlsm.) has been associated

with Rosmarinus and P. crepusculella (Zell.) with Mentha
(van Nieukerken et al., 2004, 2006). All known or sus-
pected hosts represent nine plant families widely dispersed
among eight orders of the subclass Dicotyledoneae.
Grossenbacher (1910) presented one of the earliest and,
still, one of the few, detailed reports on the biology of an
opostegid, Opostegoides scioterma (Meyrick). However, in
his paper the subject species was misidentified by A. Busck
as Opostega nonstrigella (=albogaleriella Clemens), a mis-
nomer repeated by Heinrich (1918) and later authors. Ac-
cording to Grossenbacher (1910), the eggs are deposited on
the bark of currants and gooseberries (Saxifragaceae: Ribes
spp.) in New York’s Hudson Valley from approximately
the last week of April until mid-May. Ribes grossularia L.,
R. nigrum L., and R. sativum Syme (=vulgare) were listed
as hosts. The larvae mine under the bark in the cambial
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FIGURE 4. Total numbers of Opostegidae sampled each month during the ALAS III survey from ground traps and canopy traps with recorded
rainfall for the period. The line extended above each bar represents the standard error of the mean for each sample.

cylinder for about four to six weeks until mid- to late June.
Both new spring shoots and canes from the previous season’s
growth are attacked. The mine is a slender, linear tunnel
that normally curves at both upper and lower ends to form
a narrow ellipse approximately 7-20 cm in length. Gros-
senbacher observed 2-2% elliptical rounds by the larva be-
fore emerging to pupate. When the larva completes a circle,
it normally reinvades the initial mine and continues feed-
ing and enlarging it. Rosenstiel (1960) likewise reported a
single ellipse involving two parallel mines from 10 to 25 cm
long. Grossenbacher always found the crescent-shaped exit
hole nearer the basal rather than the distal turn of a mine,
generally within 1 or 2 cm of the former and usually after
the basal turn had been passed.

It is not clear exactly how much host injury is caused
by the larva of Opostegoides scioterma. Cross sections
of infested stems show small dark spots or flecks, vari-
ously referred to as medullary spots, pith flecks, Mark-
flecken, etc. (Kumata, 1984), in successive cambium rings.
Grossenbacher (1910) observed that 15%-20% of the

mined shoots wilted and died shortly after larval emer-
gence from one Ribes species. He encountered heavy infes-
tations on some hosts with larvae present in 85%-95% of
their canes. The most serious effect on the plants seems to
be from the introduction and spread of pathogenic organ-
isms, fungi in particular, through the exit holes.

After dropping to the ground, the larva eventually con-
structs a flattened, oval, densely woven, cream to brown
cocoon in the upper soil layer. Grossenbacher was able to
collect several cocoons by sifting the soil around the bases
of infested plants. The pupal stage may last about two to
three weeks, with the adults emerging before mid-July.
Several questions remain concerning the life history and
particularly voltinism of this and other nearctic species.
Grossenbacher’s assumption of a spring oviposition period
for Opostegoides scioterma, coupled with his observations
of a midsummer adult emergence period, presented major
inconsistencies, which he attempted to answer. He assumed
there to be a single generation but noted spring larvae of
different sizes with the smallest larvae always mining the



NUMBER 625 o 11

TABLE 1. Host records of Opostegidae.

Opostegidae Host Family Order
Reared
1. Notiopostega atrata Davis Nothofagus dombeyi Fagaceae Fagales
2. Opostegoides minodensis (Kuroko) Betula platyphylla Betulaceae Fagales
3. Opostegoides scioterma (Meyrick) Ribes nigrum, R. sativum Saxifragaceae Rosales
4. Paralopostega callosa (Swezey) Melicope lydgatei, M. rotundifolia Rutaceae Sapindales
5. Paralopostega dives (Wlsm.) Melicope anisata Rutaceae Sapindales
6. Paralopostega filiforma (Swezey) Melicope clusiifolia, M. elliptica Rutaceae Sapindales
7. Paralopostega maculata (Wlsm.) Melicope volvanica, M. rotundifolia Rutaceae Sapindales
8. Paralopostega peleana (Swezey) Melicope rotundifolia, M. sanwicensis Rutaceae Sapindales
9. Paralopostega serpentina (Swezey) Melicope clusiifolia. M. elliptica Rutaceae Sapindales
10. Opostega salaciella (Treitschke) Rumex acetosella, R. crispus, R. scutatus Polygonaceae Polygonales
11. Pseudopostega myxodes (Meyrick) Cordia myxa Boraginaceae Polemoniales
Probable
12. Opostega spatulella H.-S. Salix sp. Salicaceae Salicales
13. Pseudopostega auritella (Hiibner) Lycopus europaeus Lamiaceae Lamiales
Possible
14. Opostegoides menthinella (Mann) Cistus sp. Cistaceae Violales
15. Pseudopostega chalcopepla (Wlsm.) Rosmarinus sp. Lamiaceae Lamiales
16. Pseudopostega crepusculella (Zell.) Mentha sp. Lamiaceae Lamiales

newest growth. Because Grossenbacher never found larvae
or new mines after mid-July, he suggested that either the
adults emerging in midsummer were long lived and over-
wintered, or that emergence from some pupae was delayed
until the following spring. Adult records of O. scioterma do
not support an early spring oviposition (i.e., flight) period,
although it is uncertain as to how thorough the spring sam-
pling of adults has been. The earliest record DRD has for
this species is 18 June, with nearly all records occuring after
25 June and ceasing on 3 August (1 = 43). The flight periods
of other North American opostegid species vary consider-
ably. Of the species with ample collecting data, Pseudopo-
stega albogaleriella demonstrates the greatest indication of
a bivoltine life cycle. Adults of this species are encountered
primarily during June and July into early August over the
northern part of their range. Possibly two broods occur
through the southern USA, with adults appearing from Feb-
ruary to June and from August to as late as October.
Kumata (1984) has investigated the life history of Opo-
stegoides minodensis in Japan. The larvae mine the cam-
bium of Betula platyphylla var. japonica, creating slender
elliptical mines similar to O. scioterma, but perhaps with
more anastomosing occurring between the parallel mines.
Kumata found evidence for only one generation a year
with the adults emerging from the end of June to mid-July,

or approximately the same period as O. scioterma. Based
upon the relative development of the mine as seen in cross-
sectional views of infested birch stems, it was determined
that O. minodensis overwinters as early- to mid-instar lar-
vae. Mine traces, or pith flecks, were found on both sides
of the winter ring layer, with the smaller, younger mines
always on the inner side of the ring and the larger, more
mature mines on the outside. In addition to other discrep-
ancies, these observations indicate an early summer ovi-
position period for temperate Opostegoides, in contrast to
the spring period hypothesized by Grossenbacher.

Other than the two preceding species of Opostegoides,
the larvae of only two other Opostegidae have been reared.
Warren (1888) reportedly reared two adult Opostega sa-
laciella incidentally from Rumex acetosella L. (Polygona-
ceae) without observing any larvae or larval damage. In
a similar situation, Pelham-Clinton (1976:269) mentions
an incidental emergence of this species from a mixture of
potted plants including Rumex acetosella. Miller-Rutz
(1922) and Kaila and Kerppola (1992) have reported
salaciella associated with Rumex scutatus and R. crispus,
respectively. Meyrick (1916) reports the rearing of Pseu-
dopostega myxodes (Meyrick) by Fletcher from a larva
mining a leaf of Cordia myxa L. (Boraginaceae) in India.
Possible hosts of other European opostegids are even more
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tenuous. Warren (1888) lists possible hosts for Opostega
spatulella as Ulmus, and Mentha for Pseudopostega cre-
pusculella. The reports of Stainton (1868:132) and Sorha-
gen (1886:301) that the larva of Pseudopostega auritella
mines the stems of Caltha palustris L. (Ranunculaceae) is
suspect (van Nieukerken, 1990).

The Hawaiian Paralopostega present an interesting
divergence from the previously reported life histories in
that all six species are leafminers on Melicope (Rutaceae).
The leaf-mining habit may eventually be found to occur
in other tropical Opostegidae. Not all the Hawaiian hosts
listed in Table 1 may represent actual rearing records. The
association of some hosts, consequently, is questionable.
As illustrated by Swezey (1921), the mines appear char-
acteristic for each species but are generally serpentine and
occur on the upper leaf surface. The tortuous, lengthy, and
extremely slender mine of Paralopostega filiforma, for ex-
ample, is abundantly distinct from the shorter, more com-
pact, sinuous mine of P. serpentina. Swezey also reports
that the larva of P. filiforma eventually mines into the
cambium of the petiole. The mines of P. callosa terminate
in a peculiar, circular, callus-like structure about 12 mm
in diameter. To form this the larva mines in a small perfect
circle and continues to tunnel in a spiral pattern inside the
outer ring until the center is reached. The upper epider-
mis of this area proliferates, and the larva feeds beneath
it until maturity. Pupation is similar to other Opostegidae
and occurs on the ground in a brownish, oval cocoon.

The most detailed study of any opostegid was conducted
on a new genus and species, Notiopostega atrata Davis.
Although much of the biological information on this Chil-
ean moth resides in an unpublished thesis (Carey, 1975),
summaries of that research have been published (Carey et
al., 1978; Davis, 1989). A chronology of the life cycle is
illustrated here in Figure 51. The eggs are deposited on the
undersides of the leaves of Nothofagus dombeyi (Mirbel)
QOersted, commencing in early September. Normally only
one egg is laid per leaf, and most of the oviposition sites
are concentrated in the upper one-third to one-half of the
tree crown (Figure 52). Upon hatching, the larva bores into
the leaf and continues mining into the petiole and cambium
layer of the terminal branch, eventually reaching the main
trunk. The larva continues in a characteristic zigzag course
down the trunk (Figure 53)—sometimes all the way to the
ground—a total distance of up to 7 m. Normally before
reaching the tree base, the larva turns 180° and mines up-
ward a short distance (Figure 53). There it forms a small
aestivation chamber where it molts into the sixth and last
instar. The feeding pause in N. atrata is probably directly
associated with the rather abrupt morphological changes

that occur between the fifth and sixth instars. Such pauses
may be characteristic for most, if not all, members of the
family. Sometime between mid-March and early April, the
larva leaves the chamber and continues down the old mine
a short distance, where it then bores through the bark and
drops to the ground. Pupation occurs in a flattened oval co-
coon (Figure 55) amid the leaf litter and above the soil. Im-
mediately before adult emergence, the pharate adult forces
itself partway out through a large transverse slit in one end
of the cocoon. Adults begin to emerge in late August, or
whenever the daily ambient temperature approaches 18°C
in the early spring (Carey et al., 1978).

Adult Opostegidae vary in activity from diurnal to
nocturnal. Most species are readily attracted to light (gas
lamps, incandescent, and ultraviolet), indicating a crepus-
cular to nocturnal activity. Pseudopostega crepusculella
normally flies at dusk (hence its name) between 8 and 8:30
PM (Zeller, 1848), but on cloudy days it may fly earlier
in the afternoon (Stainton, 1854). Banks (1890) observed
Opostega salaciella swarming over low vegetation be-
tween 7 and 8 pMm. This species has also been collected on
one occasion in numbers at a gas light (Stainton, 1868).
Opostega spatulella has been observed flying as early as
4 pm and as late as 6 to 8 pm (Barrett, 1877; Cransdale,
1877). In North America virtually all the species have
been collected at ultraviolet (UV) lights, sometimes in
large numbers. It is safe to assume, however, that little ef-
fort has been made to collect these species during the day
and particularly at dusk. Perhaps the most diurnal mem-
ber of the family is the southern Chilean Notiopostega
atrata. The adults fly during the day in the early spring,
but E. S. Nielsen (deceased, formerly of Division of Ento-
mology, CSIRO, Canberra, Australia, personal communi-
cation) has collected the species in light traps. Their nearly
black coloration is undoubtedly an adaptation toward
this habit. It is interesting to note that the darkest of the
Hawaiian Paralopostega is also diurnal (Perkins, 1913).
However, melanic variation in otherwise normally white
species is known to occur in this family (Eyer, 1966). Little
is known about the activity of the other, more typically
white Hawaiian species, and even less is known about the
remaining tropical species.

Adult Opostegidae may be the most thigmotactic of
any Lepidoptera. Live moths have been observed to bur-
row their way into small crevices for concealment. Cer-
tain aspects of their morphology, particularly the enlarged
antennal scape (or eyecap) that can completely cover and
thus protect the eye and the generally depressed body, are
apparent adaptations for this behavior. The development
of densely spinose setae on the hindlegs (a synapomorphy



of the Nepticuloidea) is probably a further adaptation for a
burrowing type of behavior. Kenji Nishida photographed
two species of adult Opostegidae resting completely ex-
posed on leaves during the day in Costa Rica (Figure 127).
All appendages are held tightly to their bodies, which are
appressed against either the upper or lower leaf surface
(Figure 128). In this position the resting moth might easily
be mistaken for a small bird dropping.

Few natural enemies of Opostegidae have been reported.
In Carey’s rather extensive study (Carey, 1975), the only
mortality observed was caused by spiders attacking larvae
as they exited and descended to the ground for pupation.
The only records of parasites involve Eulophidae (Swezey,
1921), including two Eulophidae rearings mentioned by
Zimmerman (1978:241) of Euderus metallicus (Ashmead)
by J. W. Beardsley and Pauahiana lineata Yoshimoto by
Swezey—all from unidentified Hawaiian Paralopostega.

Pith flecks, or the injury produced by cambium min-
ers as viewed in cross sections of woody stems or trunks,
is similar in Opostegidae and certain Agromyzidae (e.g.,
Phytobia, Kumata, 1984). As a result, identifications
based solely on larval mines can be difficult and unreli-
able. Even their larvae can be confused, as was done by
Knigge and Bonnemann (1969), who illustrated the larva
and attributed the injury caused by Notiopostega atrata to
an “undetermined species of Agromyzidae.”

MORPHOLOGY

Because this subject has been thoroughly reviewed
previously (Davis, 1987, 1989; van Nieukerken, 1990;
Puplesis and Robinson, 1999), little will be repeated here
except to elaborate on the complexity of a few poorly
studied structures. To supplement this section, illustra-
tions are provided to show the general morphology of the
head (Figures 5-14), the thorax and its appendages (Fig-
ures 15-33), some pregenital abdominal segments (Figures
34-43), and genitalia (Figures 44-47).

Diverse modifications of the male gnathos have been
found to be of great significance in revealing species rela-
tionships, particularly within the most diverse genus, Pseu-
dopostega. The gnathos is generally less complex within
the basal genera of Opostegidae. In Notiopostega and
Opostegoides it is represented only by a slender, ventral
arch. The gnathos becomes more elongate in Eosopostega,
Paralopostega, and Opostega, with a prominent caudal
process or lobe often developing in the latter genus. Be-
cause greater development of the gnathos occurs in those
genera lacking a sclerotized phallus (aedoeagus), possibly
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this structure assists in sperm transfer during copulation.
The gnathos attains its greatest development within the
New World Pseudopostega, with three specializations ap-
pearing that are either absent or occur only rarely within
the Old World members of the genus. These are as fol-
lows. (1) Development of a bifurcate caudal lobe (Figures
382-384). A divided caudal lobe appears in varying states
within 5 of the 14 species groups recognized herein. Only
one Old World species, P. epactaea from Southeast Asia,
is known to possess a minutely bifurcate caudal lobe. (2)
Spinose caudal margin (Figure 265). The caudal margin
of the gnathos in the Neotropical serrata group, currently
including only P. serrata and ferruginea, is lined with min-
ute, blunt-tipped spines. This condition has not been ob-
served in any Old World species. (3) Basal fold (Figures
44, 45). In many New World Pseudopostega the anterior
margin of the gnathos curves ventrally and caudally to
form a usually transverse basal fold. In the duplicata spe-
cies group the fold develops a median elongation caudally
that exceeds the caudal lobe in size (Figures 352, 353).
In the lateriplicata and latifurcata groups a pair of lateral
folds have developed (Figures 272, 273), probably as a
result, in most cases, of the deep caudal invagination and
medial separation of the basal fold. Folds within the gna-
thos have not been noted in any Old World Pseuxdopo-
stega. In addition to the three specializations mentioned,
an additional modification has appeared in some members
of the New World Pseudopostega divaricata and brachy-
basis species groups involving a small sclerite positioned
between the lateral margins of the gnathos and the tegu-
men. This sclerite is particularly evident in P. quadristri-
gella (Figures 382, 383) and P. protomochla (Figures 403,
404). Most likely the sclerite is a derivative of the ninth
sternite (gnathos).

The spermatheca in Lepidoptera is a complex organ
whose morphological components have been assigned a
rather confusing array of names (Mitter, 1987; Kristensen,
2003). The homology and terminology of the various sacs
and lobes anterior to the ductus spermathecae are particu-
larly uncertain, largely because of the variable develop-
ment of these structures between and within families of
Lepidoptera, and their relative demarcation, as well as the
often poorly preserved condition of the membranous com-
ponents in slide-mounted preparations. The ductus sper-
mathecae in most families of Lepidoptera is composed of
two, distinct, typically intertwined ducts: a membranous,
more enlarged, external (afferent, transport) canal and a
very slender, sclerotized, internal (efferent, fertilization, fe-
cundation) canal. In some females of Pseudopostega these
ducts may be less closely associated, with the basal half of
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FIGURES 5-11. Adult head morphology. Notiopostega atrata: 5, anterior view (0.5 mm); 6, antennal scape, dorsal view; 7, maxilla (0.25 mm).
Neopostega petila: 8, anterior view (0.5 mm); 9, maxilla. Opostegoides scioterma: 10, anterior view (0.5 mm); 11, maxilla (0.25 mm). (Scale
lengths in parentheses.)
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FIGURES 12-14. Pseudopostega albogaleriella, adult head morphology. 12, anterior view (0.5 mm); 13, maxilla (0.25 mm); 14, schematic
distribution of antennal sensilla on a single flagellomere. (Scale lengths in parentheses.)

the internal canal arising from a small, membranous pa-
pilla on the wall of the vestibulum as a solitary duct that
becomes intertwined distally with the external canal arising
more anteriorly near the junction of the ductus bursae and
corpus bursae (Figure 47). The internal canal terminates
in a gradually enlarged, thickened, variably coiled, vesicle

and a membranous sac (variously referred to in the lit-
erature as utriculus, receptaculum seminis, vesicle), which
may continue forward as a filamentous extension (Figures
46, 47). We have mostly followed the terminology of Dug-
dale (1974) in considering the vesicle as the terminal, en-
larged, sclerotized portion of the internal canal and the
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FIGURES 15-22. Wing morphology. 15-18, wing patterns: 15, Pseudopostega acidata, dorsal; 16, P. adusta, dorsal; 17, P. dorsalis dorsalis,
dorsal; 18, Neopostega distola, forewing ventral. 19-22, wing venation: 19, Notiopostega atrata; 20, Neopostega petila; 21, Opostegoides
scioterma; 22, P. albogaleriella.A: anal vein; Cu: cubitus; M: medius; R: radius; Rs: radial sector.
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FIGURES 23-29. Thoracic morphology. Notiopostega atrata: 23, posterior view of metathorax (0.3 mm); 24, lateral view of metafur-
casternum. Opostegoides scioterma: 25, posterior view of metathorax (0.3 mm); 26, lateral view of metafurcasternum. Pseudopostega
albogaleriella: 27, anterior view of prothorax; 28, posterior view of metathorax (0.3 mm); 29, lateral view of metafurcasternum (0.3 mm).
APF = anteriomedial process of furcasternum; FA = furcal apophysis; K = katepisternum; LCS = lateral cervical sclerite; ML = mesal lamella
of metafurcasternum; PMP = pronotal medial plate; PPP = pronotal posterior plate; PS = precoxal sclerite; SAF = secondary arms of furca-
sternum. (Scale lengths in parentheses.)
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FIGURES 30-33. Leg morphology. 30, Notiopostega atrata; 31, Neopostega petila; 32, Opostegoides scioterma; 33, Pseudopostega albo-

galeriella. (All scale lengths = 0.5 mm.)

utriculus as a membranous sac extending anteriorly from
the vesicle. The configuration of the vesicle is frequently
of specific importance. However, these distinctions are
usually difficult to resolve in slide preparations because
of inconsistencies in viewing the vesicle in comparable
positions. The vesicle in some Pseudopostega is unusual
in possessing a variably developed, terminally closed, lat-
eral tube (lagena) near the junction with the utriculus. The
lagena varies from being absent (Figure 461), short and
curved (Figure 434), coiled (Figures 46, 468), to straight
and greatly extended (Figures 47, 491).

SYSTEMATIC RELATIONSHIPS

Although the monophyly of Nepticuloidea and the
two included families, Nepticulidae and Opostegidae,
is well supported by several synapomorphies, the basal
outgroup of the Nepticuloidea remains questionable. In
a recent molecular analysis using the nuclear gene dopa
decarboxylase (DDC), Friedlander et al. (2000) were not
able to resolve the rather controversial basal divergences
among the five major lineages of Heteroneura. One
consistency from that analysis that did appear was that
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FIGURES 34-43. Abdominal morphology. 34-37, second abdominal sternum (scales = 0.25 mm): 34, Notiopostega atrata. 35, Neopostega
petila. 36, Opostegoides scioterma. 37, Pseudopostega albogaleriella. 38-43, male abdominal segments 7 and 8 (scales = 0.2 mm): 38, Notio-
postega atrata, tergites (T) 7 and 8. 39, Notiopostega atrata, sternite (S) 8. 40, Neopostega asymmetra, tergites 7 and 8. 41, Neopostega petila,
sternite 7 and tergite 8. 42, Opostegoides scioterma, tergites 7 and 8. 43, P. albogaleriella, tergites 7 and 8.
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FIGURES 44-47. Genitalic morphology. 44-45, male Pseudopostega mignonae: 44, ventral view; 45, lateral view of gnathos. 46, female Pseu-
dopostega clavata, dorsal view. 47, female Pseudopostega albogaleriella, lateral view.




TABLE 2. Character coding for the outgroup, Nepticulidae, and the genera of Opostegidae.

Characters
123 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Taxa

0

0 0 0 0 0 0 0 0 O

Outgroup

0 0

1

Nepticulidae

Eosopostega

Neopostega

0

1 2 0 2 1

1

1

Notiopostega

Opostega

1

Opostegoides

1

Paralopostega

?

1

Pseudopostega
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Ditrysia and Nepticuloidea were the most basal lineages
of the five, appearing in at least one optimal tree in nearly
every analysis.

Cladistic analysis of the seven currently recognized
genera of Opostegidae was performed using the “parsi-
mony rachet” within WINCLADA (Nixon, 2002). Be-
cause of the uncertainty of the basal relationships of
Nepticuloidea, a hypothetical outgroup was used to root
the cladogram. Thirty-five, mostly adult characters were
used in the analysis (see list below and Table 2). Genital
characters were scored based on all the species included
in this revision as well as those studied by Puplesis and
Robinson (1999). Larval and adult thoracic characters
were scored from a few representative species within each
genus. Because larvae are known for just three of the seven
genera of Opostegidae, only four major larval characters
were included (nos. 1-4). Several additional larval char-
acters were discussed by Davis (1989). Because the pres-
ence of a single pair of stemmata (character 1) is believed
ubiquitous throughout the Nepticuloidea, this was scored
the same (apomorphic) for all genera of Opostegidae. The
same may be true for the loss of crochets (character 4).
The scoring of these two characters either as 1 or ? re-
sulted in the same tree. The development of a single spi-
nose mandibular seta (character 2) and cephalic apophyses
(character 3) may also be characteristic for all opostegid
larvae, but these assumptions require further examination
involving more genera.

The rachet function in WINCLADA produced a sin-
gle most parsimonius tree (Figure 48) of 63 steps with a
consistency index (CI) of 90 and a retention index (RI)
of 80. The southern temperate genus Notiopostega was
positioned basally within the family, with the globally
widespread and most speciose genus Pseudopostega as the
most derived. The comparative morphology of the charac-
ters used in this analysis have been discussed extensively
by Davis (1989) and Puplesis and Robinson (1999) and
are listed below.

CHARACTERS UsED IN THE CLADISTIC ANALYSIS
Larva

Stemmata: 0 (2 or more pairs); 1 (1 pair).
. Mandibular seta: 0 (simple); 1 (spinulate, Figures
76, 84).
3. Cephalic apophyses: 0 (undeveloped); 1 (well de-
veloped, slender).
4. Crochets: 0 (present); 1 (absent).

e
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10.

11.

12.
13.

14.
1S.

16.
17.

18.
19.

20.

21.

22.

23.

. Antenna, scape: 0 (normal);
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Adult Head

1 (enlarged); 2 (sec-
ondarily reduced, Figures 5, 6).

. Antenna, vestiture of scape: 0 (random, Figure 5);

1 (in rows).

Antenna sensilla: 0 (generalized); 1 (sensilla vesicu-
loclada); 2 (sensilla ascoidea, Figure 14).

Occiput: 0 (rounded); 1 (transverse ridge, Figure 5).
Occipital scales (collar): 0 (narrow band, piliform);
1 (broadly laminate, widening caudally).

Adult Thorax

Prosternum: 0 (well developed); 1 (reduced); 2
(more reduced, precoxal bridge lost, Figure 27).
Metafurcal arms: O (free, Figures 23-26); 1 (fused,
Figures 28, 29)

Epiphysis: O (present); 1 (absent).

Pretarsal scutes, transverse rows: 0 (divided); 1
(undivided, Figures 66, 124).

Metatibia: 0 (with few spines); 1 (densely spined).
Forewing, radial vein: O (branched); 1 (un-
branched).

Forewing, cubital vein: 0 (present); 1 (absent).
Forewing, microtrichia: 0 (evenly distributed); 1
(restricted to isolated zones).

Hindwing, male frenulum: O (present); 1 (absent).
Hindwing, pseudofrenular setae: 0 (short); 1
(greatly elongated, Figures 62, 121).

Adult Abdomen

Male tergum VIII: O (slightly reduced, >0.5 width
of VII); 1 (reduced, <0.5 width of VII); 2 (greatly
reduced, often divided, Figure 43).

Male Genitalia

Vinculum, anterior margin: 0 (concave); 1
(rounded).

Juxta form: 0O (a broad, thin, membranous sheet,
Figure 259); 1 (triangular plate, broadest cau-
dally (in Opostega, Paralopostega, Davis 1989);
2 (greatly reduced, a slender, median appendage,
Figures 269, 271); 3 (well-sclerotized, spinose
rods, Figures 247, 250, 252, 254).

Uncus, caudal margin: 0 (subtruncate, Figures
245, 259); 1 (subacute, in Eosopostega, Davis
1989); 2 (bifid, Figures 247, 254); 3 (broadly con-
cave, Figure 44).

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

Gnathos form: O (with lateral arms and spatulate
median process); 1 (with lateral sclerotization, Figure
272); 2 (narrow tranverse band, Figure 245); 3 (trian-
gular, central region membranous, Figure 271); 4 (tri-
angular, entirely sclerotized, Figures 308, 321, 326).
Gnathos, basal fold: 0 (absent); 1 (present, Fig-
ures 44, 352).

Valva, cucullar lobe: 0 (not constricted, without
pedicel); 1 (greatly constricted, pedicel < length of
cucullar lobe, Figure 44); 2 (pedicel elongate, >
length of cucullar lobe, Figures 342, 344).

Valva, form of cucullar lobe: 0 (undeveloped);
1 (oval, without distinct apical lobe, Figures 44,
245); 2 (more elongate, usually with small apical
lobe, Figure 269).

Valva, pectinifer: 0 (absent); 1 (usually >25 spines);
2 (reduced, <25 spines).

Valva, saccular lobe: 0 (broadly rounded, not
produced, Figure 245); 1 (narrowly rounded, Fig-
ure 259); 2 (extended beyond pedicel as a slender
lobe, Figures 44, 250, 271).

Valva, costal process: 0 (fused to valva, well de-
veloped, length of costal process > basal width of
valva, Figures 245, 247); 1 (fused to valva, length
reduced, < basal width of valva, Figure 259); 2
(articulated to valva, Figure 44).

Aedoeagus: 0 (well developed, length 0.7-1.2 x length
genital capsule); 1 (reduced, length 0.5 x length of
genital capsule); 2 (absent, phallus membranous).
Aedoeagus, cornuti: 0 (well developed, Figures
251, 253); 1 (a single long rod, Figure 260); (re-
duced in size, Figure 246); 3 (absent).

Female Genitalia

Anterior apophyses: 0 (present); 1 (absent).
Posterior apophyses: 0 (elongate, slender, Figures
47, 426); 1 (with enlarged ends, Figure 422); 2
(short, stout, Figures 419, 420); 3 (short, stout,
bifid basally, Figures 424, 425).

Papillae anales: O (undifferentiated, Figure 424);
1 (superficially bilobed, Figure 419); 2 (paired
lobes, Figures 46, 427).

OPOSTEGIDAE

Opostegides Meyrick, 1893:479.

ADULT.

Extremely to moderately small, usually

predominantly white moths, with forewings 1.8-8.3 mm
in length.
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FIGURE 48. Cladogram of genera of Opostegidae with outgroup Nepticulidae based on 35 morphological characters (see Table 2) using Win-

clada Rachet, resulting in 1 tree (length = 63, CI = 90, RI = 80). Squares = nonhomoplasious characters; circles = homoplasious characters.

Head:
cally rough with erect piliform scales possessing minutely
bidentate apices; most of frons and cranium caudad to
vertex covered with broad, lamellar scales with 3-5 den-
tate apices; lower frons naked. Ocelli absent. Eyes small to
large; interocular index 0.5-1.2; cornea naked. Antennae

Figures 5-13. Vestiture variable; vertex typi-

36-130-segmented, 0.7-0.9 x length of forewing; scape
usually greatly enlarged; pecten absent; flagellum filiform,
typically with 3 ascoid sensilla per segment (Figure 14) and
one row of slender bidentate scales. Pilifers and mandibles
absent. Haustellum short, 0.75-1.5x length of labial palpi.
Maxillary palpi long, geniculate, 5-segmented. Labial palpi



24 o SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

3-segmented, moderately short, slightly drooping; lateral
bristles absent.

Thorax: Depressed, relatively broad. Metafurca
(Figures 23-26, 28, 29) variable, usually with furcal apo-
physes free; apophyses connected to secondary arms in
Pseudopostega. Forewings (Figures 19-22) lanceolate, W/L
index 0.2-0.23; apex sometimes upturned; venation ex-
tremely reduced, typically only 4 major veins present, with-
out secondary branches or crossveins; microtrichia generally
restricted to base of ventral forewing surface. Hindwing
W/L index 0.14-0.17; a uniform series of 4-18 subcostal
pseudofrenular setae (Figures 19-22, 62, 121) arising from
base of hindwing in both sexes to couple with a subdorsal
retinaculum consisting of a row of stiff scales on underside
of Cu in forewing. Hindtibiae with rough spinose scales;
pretarsus with unguitractor plate composed of several rows
of undivided scutes (Figures 65, 66, 123, 124).

Abdomen: S2 (Figures 34-37) large, weakly sclero-
tized, usually with a large, central, partially or completely
divided hyaline area. Coremata and corethrogyne absent.

Male Genitalia: Uncus (Figure 44) reduced, typi-
cally a slender bridge between a pair of widely separated
setose lobes (socii), rarely in the form of a medium connate
lobe (in Eosopostega). Tegumen reduced to a narrow dor-
sal ring. Vinculum usually a narrow, rounded ventral ring;
anterior margin deeply concave in Opostegoides, Eosopo-
stega, and in a few species of Pseudopostega. Gnathos (Fig-
ures 44, 45) fused, variable, usually a well-developed ventral
arch or plate. Transtilla typically absent, rarely present as
a slender, median bridge. Juxta highly variable, usually ab-
sent, or, if present, varying from a slender, midventral pro-
jection arising from the vinculum, to a broad membranous
plate, or curved, spiniform rods connecting valvae. Valvae
variable in outline, with a distinct costal process (apophy-
sis) extending inward from base but articulated in Pseu-
dopostega and some Neopostega; apex of valva (cucullus)
an ovoid, pectinated lobe joined to basal half of valva by
a slender to broad pedicel. Sclerotized aedoeagus present
in varying degrees in Notiopostega, Neopostega, Oposte-
goides, Paralopostega, and Eosopostega; phallus entirely
membranous in Opostega and Pseudopostega.

Female Genitalia: Ovipositor (Figures 46, 47)
nonpiercing, short, barely extending beyond A7. Papillae

anales dorsal, usually paired and setigerous but occasion-
ally fused, absent in Opostegoides. Anterior apophyses
usually absent; posterior apophyses always present, either
short or elongate and variably furcate caudally. Oviporus
located terminally because of extreme reduction of A8, and
A9+10. Ductus bursae usually membranous, often with
minute, internal, sclerotized pectinations. Corpus bursae
usually a large membranous sac, without a well-defined
signum but often with inner walls variously covered with
minute spicules and/or with an elongate, indistinct band
bearing numerous, minute, tubercular outgrowths from
wall of bursa (particularly in Pseudopostega).

Eca. Cylindrical, elongate-oval, up to 1.1 mm
long. Chorion smooth and transparent, whitish to yellow.
Laid singly on epidermal surface of plant host.

LARVA. Figure 70. Body whitish in color, ex-
tremely slender, 8-25 mm long, and apodal, with paired
ventral callosities on T2-3. Head (Figures 67-77, 84, 86—
90) depressed, triangular, with shallow epicranial notch and
poorly defined sutures. One pair of stemmata. Mandible
(Figures 76, 89) with a single, large, minutely spinulose seta.
Cranium with a prominent pair of apophyses extending
caudad into T1 and 3 pairs (dorsal, lateral, and ventral) of
prominent, internal, longitudinal ridges (Figure 86). Devel-
opment slightly hypermetamorphic with spinneret not fully
formed until last (sixth) instar. Larvae known to be leaf min-
ers in Melicope (=Pelea) (Rutaceae) and cambium miners in
Betulaceae, Fagaceae, Salicaceae, and Saxifragaceae.

Pura. Figures 49, 50, 54. Similar to that of
Nepticulidae. Cuticle relatively smooth except for concen-
trations of minute tergal spines on A2-8. Antennal scape
usually extremely broad. Wings, antennae, and forelegs
usually extending to or slightly surpassing abdomen. All
coxae flat and exposed (Figures 49). Pupation occurring
in a tough, silken, lenticular cocoon (Figure 55) outside of
mine, usually in leaf litter.

DiscuUsSsION. Two subfamilies have been recog-
nized within this family (Kozlov, 1987). The Opostegoidinae
include those genera that possess a sclerotized aedoeagus,
which is lacking in the generally considered more derived
clade Oposteginae. Because no synapomorphy has been
found to support the Opostegoidinae, the validity of this
subfamily is questionable (Puplesis and Robinson, 1999).

KEY TO THE GENERA OF THE NEW WORLD OPOSTEGIDAE

1. Aedoeagus present, variably sclerotized . ... .. ... ... e 2
Aedoeagus absent (phallus entirely membranous) ........ ... .. ... . . . i i Pseudopostega
2. Uncus of male genitalia prominently bifurcate (Figures 247,252) ... .ot Neopostega
Uncus broadly subtruncate (Figures 245, 259) . .o v ittt e et e 3
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3. Predominantly dark fuscous moths with reduced antennal scape (Figures 5, 130); width of scape less than vertical eye diam-

eter (Figure 6); anterior margin of male vinculum narrowly rounded (Figure 245); distribution Chile ... ...

Notiopostega

Predominantly white moths with antennal scape wider than vertical eye diameter (Figure 10); anterior margin of

vinculum broadly concave (Figure 259); distribution Holarctic/Indomalayan

Notiopostega Davis

Notiopostega Davis, 1989:30.—Davis, 1998:69.—Puplesis and Diskus,
2003:413.

TyPE SPECIES. Notiopostega atrata Davis, 1989,
by monotypy and original designation.

ADULT. Small moths with lanceolate wings;
length of forewing: 5.0-8.3 mm; antennal scape moderately
enlarged. Male with partially sclerotized aedoeagus; meta-
furcal apophyses free. Female with papillae anales reduced
to a low, setigerous ridge.

Head: Figures 5-7. Vestiture mostly rough, consisting
of piliform scales with acute apices; scales smooth from vertex
to cranial ridge and irregularly arranged. Lower frons smooth
and naked except for a sparse scattering of microtrichia. Cra-
nial vertex produced to form a thin, bicrenulate ridge im-
mediately anterodorsal to occiput. Antenna approximately
0.7-0.8 the length of forewing, 125-130-segmented (male) to
80-84-segmented (female); scape moderately enlarged, great-
est width 0.76 the vertical diameter of eye; scales irregularly
arranged; sensilla ascoidea with 5-10 branches (Figures 58,
59). Eye reduced, interocular index approximately 0.5, eye
index 1.1. Maxillary palpus elongate, approximately 1.6x the
length of labial palpus; ratio of segments from base approxi-
mately 0.5:0.5:0.9:2.3:1.0; segment I with a broad, acute
process. Haustellum reduced, about 0.4x length of maxillary
palpus. Labial palpus moderately short, exceeding length of
haustellum; sensory pit (vom Rath’s organ, Figure 60) at apex
of third segment.

Thorax: Forewing (Figure 19) lanceolate; great-
est width approximately 0.2x that of length; apex acute;
microtrichia (Figure 61) generally reduced, extremely small
and mostly concentrated over distal two-thirds of forewing
(dorsal and ventral) and largely absent from basal regions;
venation extremely reduced, with only vestiges of Sc, R, M,
and A present; CuA and CuP absent; venter of forewing uni-
formly fuscous; subhumeral area without white scales, largely
naked except for dense, light grayish microtrichia. Hind-
wing lanceolate, greatest width approximately 0.17 that of
length; microtrichia greatly reduced, largely confined to anal
area; approximately 18 pseudofrenular setae present; vena-
tion extremely reduced, with only Sc, Rs, M, Cu, and A pres-
ent and unbranched. Metathoracic furca (Figures 23, 24)
with apophyses moderately developed, free, terminating in

................... Opostegoides

rounded knobs. Proleg (Figure 30) with tibia about 0.65 the
length of tarsal segments. Midleg with apical spurs of nearly
equal lengths, one being about 0.9 the length of other. Hind-
leg with two pairs of unequal spurs, one member of each pair
about 0.7 the length of other; basal pair situated near middle
of tibia; spurs relatively short; longest spur about 0.57 the
length of first tarsal segment; hindtibia densely covered with
long spinose setae, as is dorsum of tarsus I; tibial setae more
appressed and tibia less spiny in appearance than in other gen-
era.

Abdomen: Six functional pairs of spiracles present;
spiracles of A7 vestigial, those of A8 absent. Sternum 2 as
illustrated (Figure 34). Tergum 8 of male relatively well de-
veloped, consisting of two partially divided plates approxi-
mately half the length of tergum 7; anterior margin bilobed,
with median concavity; caudal margin truncate (Figure 38).
Sternum 8 reduced as shown (Figure 39).

Male Genitalia: Figures 245, 246. Uncus reduced,
consisting of a single, broadly truncate, setigerous lobe
nearly 0.5x width of the genital capsule. Tegumen reduced
to a narrow dorsal ring. Vinculum an ovoid, narrow ven-
tral ring. Gnathos vestigial, reduced to an extremely nar-
row arch; basal fold absent. Valva with internal apophysis
vestigial and fused to base of costa; main body of valva
broad; cucullus arising from apical third of valva on a slen-
der pedicel and then abruptly enlarging; cucullar lobe large,
with distal margin bearing a densely spined pectinifer con-
sisting of approximately 45 spines arranged in a single row.
Juxta membranous, small, gradually constricted caudally.
Aedoeagus present, stout, nearly twice the length of valva.

Female Genitalia: Figures 419, 420. Papillae ana-
les extremely broad, forming a slightly bilobed setigerous
ridge on T9. Posterior apophysis well developed, relatively
short and stout. Anterior apophysis absent. Anus and ovi-
porus with separate external openings. Corpus bursae not
examined (damaged in females examined). Spermatheca with
enlarged, lenticular papilla; ductus spermathecae elongate;
membranous external (afferent) canal slender, closely associ-
ated with internal (efferent) canal throughout their length;
internal canal convoluted for most of length, comprising ~10
convolutions; vesicle consisting of a single, relatively large
sac that then continues as a slender, gradually enlarged duct
to a small mumbranous utriculus.

LARVA. Figures 67-90. Length of largest larva 20
mm; maximum diameter 1.1 mm (in alcohol).
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aestivation 2
chamber

53

FIGURES 49-53. Notiopostega atrata. 49-50, pupa (scale = 1.0 mm): 49, ventral; 50, dorsal. 51-53, life history (scales in meters for 52, 53):
51, seasonal life cycle; 52, distribution of oviposition sites in crown of Nothofagus dombeyi (Mirbel) Oersted; 53, basal trunk of Nothofagus
dombeyi showing final stages of larval/pupal biology. (All figures from Davis, 1989.)
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FIGURES 54-59. Notiopostega atrata. 54, pupa, enlarged detailed of head. 55, cocoon (1 mm). 56-59, adult antennal morphology: 56, scale
vestiture near middle of antenna (75 pm); 57, detail of antennal scales (38 pm); 58, sensilla ascoidea near base of flagellum (38 pm); 59, cross-
sectional view of a branch of sensillum ascoideum (1.2 pm). (Scale lengths in parentheses; bar scale for Figures 56-59 shown in Figure 56.)
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FIGURES 60-65. Notiopostega atrata, adult morphology. 60, sensory sensilla at apex of labial palpus (13 pm); 61, microtrichia at distal third
of dorsal hindwing (38 pm); 62, pseudofrenular setae of hindwing (120 pm); 63, apices of pseudofrenular setae (30 pm); 64, dorsal view of
metathoracic pretarsus (38 pm); 65, ventral view of Figure 64 (38 pm). (Ar = arolium; PeS = pseudempodial seta of pretarsus; Pu = pulvillus; UP
= unguitractor plate; scale lengths in parentheses; bar scale for all figures shown in Figure 60.)
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FIGURES 66-70. Notiopostega atrata, adult and larval morphology. 66, detail of unguitractor plate of Figure 65 (6 pm); 67-70, last instar

larva: 67, dorsal view of head (0.3 mm); 68, dorsal detail of fronto-clypeal area (136 pm); 69, detail of labral setae (23.1 pm); 70, lateral view

of larva (specimen length = 20 mm). (Scale lengths in parentheses; bar scale for all figures shown in Figure 66.)
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FIGURES 71-76. Notiopostega atrata, larval morphology. 71, ventral view of head (200 um); 72, ventral detail of mouthparts (50 pm); 73,
anterolateral view of head (200 pm); 74, lateral view of mouthparts (75 pm); 75, dorsolateral view of stemmata and antenna (41 pm); 76, lateral
view of mandibular seta (23.1 pm). (Scale lengths in parentheses; bar scale for all figures shown in Figure 71.)
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FIGURES 77-82. Notiopostega atrata, larval morphology. 77, frontal view of head (158 pm); 78, sternum of prothorax (250 pm); 79, micro-
trichia, midventral detail of Figure 78 (30 pm); 80, prothoracic spiracle (38 pm); 81, meso- and metathoracic ambulatory calli (0.4 mm); 82,
lateral view of Figure 81 (0.33 mm). (Scale lengths in parentheses; bar scale for Figures 77, 78, 81, 82 shown in Figure 77; bar scale for Figures
79, 80 shown in Figure 79.)
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FIGURES 83-90. Notiopostega atrata, chaetotaxy of last larval instar. 83, lateral diagram of prothorax (I), mesothorax (II), and abdominal
segments 1, 6, 8, and 9; 84, left mandible (0.5 mm); 85, dorsal view of abdominal segments 8-10; 86, dorsal view of head (0.5 mm); 87, ventral
view of head; 88, tentorium; 89, ventral view of labrum; 90, dorsal view of labrum. (Scale lengths in parentheses.)




Head: Maximum width 0.8 mm. Color white (in
alcohol) with three pairs of dark reddish brown longitudi-
nal lines corresponding to the internal ridges; a short me-
dian frontal ridge sometimes evident between frontal setae.
Antenna with four sensilla basiconica of different sizes from
large to minute, and two elongate sensilla chaetica of equal
lengths. Setae F1 and C2 extremely short. Labrum reduced
but of general quadrate form; M1 greatly reduced; L1-3
present and spinulate. Three pairs of elongate, epipharyn-
geal setae present. Mandible with four cusps; mandibular
seta moderately spinulate.

Thorax: Prothorax with XD1 arising above XD2
and remote from D1. SV2 present on meso- and metathorax.

Abdomen: L2 reduced in length. Ninth segment with
five pairs of primary setae; SV1 present. Tenth segment with
two pairs of dorsal setae.

Pura. Figures 49, 50, 54. Length of largest pupa
5.5 mmy; greatest width 2.5 mm. Cuticle brownish fuscous
(in alcohol), nearly transparent; abdomen pale buff. Body
slightly depressed, smooth, without primary setae or spines
but with two large patches of scattered minute spines dorsally
on A1-8, densest concentration on A2-7, and with narrow,
midventral concentration of similar minute spines on A2-8.
Head broadly rounded; galea triangular. Antenna and hind-
legs extending to caudal end of abdomen, sometimes slightly
shorter or surpassing it. All coxae clearly exposed, flat. Abdo-
men without transverse rows of spines except for minute, ser-
rated ridge visible on dorsum of A2 under higher (e.g., 200x
+) magnification; A1-8 with scattered, minute spines concen-
trated along midventer; paired patches of slightly larger spines
located dorsally on either side of midline from A1 to A9. A10
smooth, cremasteral spines absent.

DisCUSSION. Notiopostega exhibits the most
divergent morphology of any genus of Opostegidae. The
only known species, N. atrata, possesses the darkest color-
ation (except for a few melanic specimens of some Pseudo-
postega and an undescribed new genus from Madagascar)
and largest size of any opostegid. The antennal scape is
noticeably reduced as are the tibial spurs and venation.
It shares a notable symplesiomorphy with Opostegoides,
Neopostega, Eosopostega, and Paralopostega in the reten-
tion of an aedoeagus. The larva of Notiopostega appears
to be the most generalized in the family, as indicated by its
less modified labrum and more complete chaetotaxy.

Notiopostega atrata Davis
FIGURES 5-7, 19, 23-26, 30, 34, 38, 39, 49-90, 130, 245, 246, 419, 420; MAP 1

Notiopostega atrata Davis, 1989:32; 1987:353 [nomen nudum].—Puplesis
and Diskus, 2003:413.
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Opostega species.—Carey, Cameron, Cerda, and Garda, 1978:151.

ADULT. Figure 130. Length of forewing: male
5.0-6.0, female 6.4-8.3 mm. Relatively large (for family),
almost unicolorous, brownish fuscous moth.

Head: Vestiture mostly rough; frontal tuft com-
posed mostly of brownish fuscous piliform scales, some-
times suffused with white to grayish scales; collar short,
paired, fuscous brown. Scape mostly white, suffused with
gray at margin; flagellum dark brown, segmentation sexu-
ally dimorphic with ~125-130 segments in male and 80-84
in female. Palpi from grayish cream to grayish brown.

Thorax: Brownish fuscous with some purple and
bluish iridescence. Forewing uniformly brownish fuscous
with slight purple iridescence (mostly at distal apex), rela-
tively slender, elongate, with no pattern; cilia brownish
fuscous; venter of forewing brown to brownish fuscous.
Hindwing irrorated with brownish fuscous slender elon-
gated scales on upperside and underside; cilia brown,
sometimes pale brownish distally. Legs grayish fuscous,
without banding, somewhat paler and more gray ven-
trally; hindtibia densely covered with long spinose setae.

Abdomen: ~ Uniformly brownish fuscous dorsally
and gray to pale gray ventrally.

Male Genitalia: Figures 245, 246. As described for
genus.

Female Genitalia: Figures 419, 420. As described
for genus.

LArvA AND Pura.
As described for genus.

HoLOTYPE. Q; CHILE: VALDIVIA: Valdivia: 28
Aug 1973, R. S. Cameron, slide USNM 17195 (USNM).

MATERIAL EXAMINED. CHILE: VaLDIVIA:
Valdivia: 1 & (paratype), 22 Aug 1973, 1 ¢ (holotype), 1 &
(paratype), 28 Aug 1973, 1 9 (paratype), 1 Sep 1973, 1 @
(paratype), 5 Sep 1973, 2 &, 2 Q (paratypes), 19 Sep 1973,
R. S. Cameron, slides USNM 16366, 16368 (SEM), 16372,
17194, 17530, 17561 (SEM), 17928, 21262, 21279 (SEM),
28693 (SEM), 33145 (USNM). 1 &, 19 Sep 1973 (MHNS).
VALDIVIA: Fundo San Sabastian: 9 larvae, 12 Mar 1974,
P. Carey (USNM); 5 pupae, 24 Apr 1974, P. Carey (USNM).

FrigaT PERIOD. Late August to early Octo-
ber; univoltine.

DISTRIBUTION. (Map 1) Occurs along the
coastal hills of Valdivia Province, Chile.

Discussion. Being the only uniformly dark-
colored species of Opostegidae (except for certain melanic
individuals reported in a few Pseudopostega and an unde-
scribed species from Madagascar), this species is truly unique
and easily recognizable. The nearly black vestiture of the

Figures 49, 50, 54, 67-90.
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diurnal adult moth is probably an adaptation associated with
its late winter to early spring emergence period, which com-
mences whenever the daily ambient temperature approaches
18°C (Carey, 1975; Carey et al., 1978). The degree of sex-
ual dimorphism in antennal segmentation within N. atrata
is highly unusual for the family, with the males (~125-130)
possessing more segments than the females (~82-84).

The life history of this species, which is regarded as a
significant pest of an important lumber tree, coigue (Noth-
ofagus dombeyi (Mirb.) Qerst.), in the Valdivian forest of
southern Chile, has been thoroughly investigated by Carey
(1975) and Carey et al. (1978). One of the first references to
the larval biology was by Knigge and Bonnemann (1969),
who mistook N. atrata for a species of Agromyzidae (Spen-
cer, 1981). These authors state that the larvae partly de-
stroy the cambium and initiate the formation of callus rays
of a characteristic appearance. The resulting rays, together
with the excrements from the larvae, are responsible for the
reddish brown color of the pith flecks, which substantially
diminish the commercial veneer quality of the wood. The
seasonal occurrence of the principal stages is summarized
in Figure 51 (from Carey et al., 1978; Davis, 1989). Adults
first appear during the last week of August and continue
to fly until the first week in October. Commencing in early
September, females deposit elongate eggs on the undersides
of Nothofagus leaves. Carey described the newly deposited
eggs as whitish in color, becoming yellowish as the embryo
develops. They averaged ~0.5 mm in width and 1.1 mm in
length. The egg is covered with a protective, transparent se-
cretion from the rectal glands of the female. Approximately
90% of the oviposition sites examined by Carey were lo-
cated in the upper third of the tree crown (Figure 52) and
most often on the terminal, or youngest, branches. The ovi-
position site is almost always located near the leaf base with
the developing larva oriented toward the pedicel. Rarely are
more than one egg laid per leaf. Larval eclosion occurs from
28 to 36 days after oviposition. Leaving the egg, the larva
bores into the leaf and from there through the petiole into
the supporting branch, eventually reaching the main trunk.
There it continues to mine the cambium layer, creating a
sinuate, “zig-zag”trail down the trunk (Figure 53). Young
trees damaged in this manner demonstrate a similar sinuate
pattern externally visible on the bark because of a cortical
response to larval damage. The mines are the longest of any
known bark or stem miner, totaling approximately 7 m with
a maximum width of 2.4 mm (Carey, 1975:15). At times
they may extend all the way down the trunk to the roots.

Carey reports six larval instars with most of the feed-
ing performed by the first five instars from October until
March. Sometime during February through early March
the larva turns 180° in the mine, and ascends the trunk a

short distance where it constructs a small aestivation cham-
ber in which the fifth instar molts. The final, sixth instar
differs from the earlier instars in possessing more distinct
body segmentation and in having longer body setae. It rests,
essentially immobile, for about two weeks inside the cham-
ber. Between mid-March and early April the larva leaves the
chamber, descending in the old mine and apparently feeding
somewhat as it goes, to a point about 35 mm below the aes-
tivating chamber. There it bores through the bark and drops
to the ground where it pupates in a tough silken cocoon
(Figure 55) among the leaf-litter above the soil. Overwinter-
ing (April-September) occurs in the pupal stage with the first
adults starting to appear during the last week of August.

Neopostega, new genus

TYPE SPECIES.
Stonis.

ADULT. Small, predominantly white moths with
lancelolate wings; length of forewing: 2.1-3.5 mm. Antennal
scape greatly enlarged; greatest width ~equal to vertical diam-
eter of eye. Metafurcal apophyses free. Male with aedoeagus
present. Female with single, broad, truncate, anal papilla.

Head: Figures 8, 9. Vestiture of vertex rough, con-
sisting of piliform to slender scales with minutely bidentate
apices; posterior to vertex scales smooth, broad; lower frons
naked except for scattered rows of microtrichia. Cranial
vertex evenly rounded. Antenna approximately 0.7-0.8x
length of forewing, 41-57-segmented; scape greatly en-
larged, greatest width ~equal to vertical eye diameter; scales
broad and flat over scape and densely arranged in 7 relatively
uniform rows; sensilla ascoidea with usually 7-9 branches.
Eye large, interocular index approximately 1.15; eye index
~0.66. Maxillary palpus elongate, about 2.6x length of la-
bial palpus; ratio of segments from base approximately
0.4:0.35:0.7:1.75:1.0. Haustellum short, about 1.65x length
of maxillary palpus. Labial palpus short, approximately
0.5x length of haustellum; apical segment broadest.

Thorax: Forewing (Figure 20) lanceolate; greatest
width about 0.25x that of length; apex acute; microtrichia
absent on all surfaces except for ventral base of forewing;
venation similar to Opostegoides, with only unbranched
vestiges of Sc, R, M, CuA, and A present; M and A best pre-
served; anal fold appearing in place of missing CuP; venter
of forewing with a moderately large, patch of white scales
near humeral area at base. Hindwing lanceolate, greatest
width about 0.15x that of length; ~7-8 pseudofrenular setae
present; venation extremely reduced, with only Sc + R1, Rs,
M, Cu, and A present. Metathoracic furca similar to Opo-
stegoides in morphology, with apophyses moderately de-
veloped, acute, free, and not connected to secondary furcal

Neopostega petila Davis and



arms. Proleg (Figure 31) with tibia about 0.5x length of tar-
sal segments. Midleg with tibial spurs of unequal lengths,
shorter member of pair about 0.6x length of other. Hind-
leg with two pairs of unequal spurs; the basal pair situated
slightly basal to middle and with shorter spur about 0.5x
length of other; apical spurs shorter and more similar in
length, the shorter member about 0.66x the length of other;
longest spur (of basal pair) slightly less the length of first
tarsomere; hindtibia densely covered with long spinose
setae, as is dorsum of most of tarsal segments.

Abdomen:  Six functional spiracles present on A1-6.
Sternum 2 as illustrated (Figure 35). Tergum 8 of male rel-
atively well developed, anterior margin either truncate or
broadly concave, caudal margin either truncate or slightly
rounded; sternum 7 variable, with strongly rounded, convex
caudal margin in some species (e.g., N. petila; Figure 41).

Male Genitalia: Figures 247-258. Uncus prominent,
consisting of a pair of slender to stout, narrow to widely
separated, setigerous lobes and slender caudal rim fused to
tegumen. Tegumen a narrow dorsal ring. Vinculum vari-
ously developed from a narrow ventral ring to a broad ven-
tral plate, with anterior margin either rounded or broadly
concave. Gnathos variably developed, either membranous
(absent) or variously sclerotized; basal fold absent. Valva
variable, often long and slender, 0.8-1.0x length of genital
capsule; cucullar lobe bearing a relatively reduced pectinifer
bearing a single, usually curved row of 20-32 blunt spines;
cucullar lobe supported by a slender, sometimes curved pedi-
cel arising from apex of costal margin; sacculus an elongate,
slender, setose lobe extending well beyond attachment (pedi-
cel) of cucullar lobe; costal process either fused or closely
articulated to valva; basal process well developed, tapering
basally to an elongate, acute apex. Juxta highly variable,
ranging from a simple, lightly sclerotized and indistinct,
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broad, ventral plate, with or without caudal processes, to
well-sclerotized, variably U-shaped rods between the bases
of the valvae. Aedoeagus present, variably sclerotized, usu-
ally containing prominent, spiniform cornuti.

Female Genitalia: Figures 421-423. Papillae ana-
les fused into a broad, truncate, setose ridge. Posterior
apophyses highly modified, consisting of a moderately
sclerotized, continuous band extending dorsally across
base of anal papilla (tergum 9 + 10), with a pair of anteri-
olateral extensions that bend caudally around a bilateral
pair of shallow invaginated pockets. Anus and oviporus
opening very close together. Vestibulum broad, mem-
branous. Ductus bursae with a zone of minute, pectinate
spicules. Corpus bursae elongate, slender, with a long, in-
distinct, elliptical band bearing numerous small papillate
outgrowths. Ductus spermathecae relatively short, extend-
ing only midway along corpus bursae; membranous outer
canal reduced in diameter; inner canal with few convolu-
tions; vesicle a small, abruptly enlarged, oval sac.

LArvA AND Pupra. Unknown.

ETYMOLOGY. The generic name is derived
from the Greek neos (new) prefixed to the generic stem
Opostega, in reference to the neotropical distribution of
this taxon. It is feminine in gender.

DiscuUsSsION. The discovery of this genus now
increases the number of described opostegid genera to
seven. Five species with rather diverse male genital mor-
phology now comprise Neopostega. Because no diagnostic
features (e.g., relative development of gnathos and juxta)
appear correlated, only one genus is recognized. Females
are known only for N. distola. Until females of more spe-
cies are available for study, the precise homology of the un-
usual structures now considered as comprising the posterior
apophyses in N. distola will probably remain questionable.

KEY TO THE SPECIES OF NEOPOSTEGA

Anterior margin of vinculum concave; length of valva equal to or exceeding length of genital capsule (from vinculum to apex

of uncus); juxta largely or entirely a flat, partially membranous plate extending to vinculum (Figures 254, 256) ....... 2
Anterior margin of vinculum subtruncate to rounded; length of valva less than length of genital capsule; juxta spini-
form, well sclerotized, and well separated from vinculum (Figures 247,250) . .......coiiirirninenennnn.. 3
Aedoeagus with a bilateral pair of long cornutal rods; juxta a broad, elongate, largely membranous plate without
laterocaudal processes (Figures 256, 258, 258a) ..o\ttt t it e N. distola
Aedoeagus usually with 4 slender, subapical cornuti; juxta a broad, short, moderately sclerotized plate with a bilat-
eral pair of slender caudal processes longer than basal plate (Figures 254,255) .. .. ..., N. petila
Juxta with asymmetrical caudal processes (Figure 247); vinculum a broad, ventral plate nearly half the length of
entire genital capsule . .. ... e N. asymmetra
Juxta with stout symmetrical processes; vinculum a narrow ventralring . ......... ... . .. o ... 4

Largest cornutus straight and more than 0.5x length of aedoeagus (Figure 251); lobes of uncus short (~0.5x length of
cucullar lobe) and narrowly separated (Figure 250) .. ..ottt e e N. longispina
Largest cornutus strongly curved, less than 0.5x length of aedoeagus (Figure 253); lobes of uncus elongate and widely
separated (FIgure 252) .o v ittt et e e e N. falcata
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Neopostega longispina, new species
FIGURES 131, 250, 251; MAP 1

ADULT. Figure 131. Length of forewing 2.8—
3.0 mm. Small, mostly white moth with white forewings
marked with 2 dark brown, subapical, costal strigulae, both
converging obliquely toward darker brown to fuscous api-
cal spot. Male genitalia with relatively short socii, valvae
broad medially, and aedoeagus with 3 dissimilar cornuti,
the longest of which extends more than half the length of
entire aedoeagus (Figures 250, 251). Female unknown.

Head: Vestiture white. Scape white; flagellum
white, becoming more cream apically, 42-segmented. Palpi
white to cream; labial palpus faintly suffused with light
brown laterally; apex white.

Thorax: ~ White; tegula entirely white. Forewing al-
most entirely white with 2 dark brown, subapical costal
strigulae, both converging obliquely toward darker brown to
fuscous apical spot; terminal cilia white; venter of forewing
light grayish cream, with basal white subhumeral and subanal
spots barely discernible. Hindwing and cilia very light brown
dorsally and ventrally. Legs mostly white to cream; foreleg
with dorsal surfaces faintly suffused with brown; mid- and
hindtarsi cream.

Abdomen:
ventrally.

Male Genitalia: Figures 250, 251. Socii a pair of
relatively short, acuminate lobes, densely setose laterally
and ventrally; caudal rim of uncus a V-shaped cleft between
narrowly separated lobes. Gnathos mostly membranous,
produced caudally to form a short, broad cone. Vinculum
with anterior margin broadly rounded. Valva of complex
form similar to N. falcata, relatively broad basally, elon-
gate, length along sacculus ~0.8x length of genital capsule;
cucullar lobe reduced in size, length approximately twice
that of lobes of socii and ~0.15x length of genital capsule,
bearing a pectinifer consisting of a single row of 28 blunt
spines; pedicel very slender, with an acute, lateral process at
middle; minimum diameter of pe