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Abstract

Three new species of Phyllocnistis Zeller are described from the central highlands of Costa Rica: Phyllocnis-
tis drimiphaga sp. n., P maxberryi sp. n., and P tropaeolicola sp. n. Larvae of all three are serpentine leaf
miners. Phyllocnistis drimiphaga feeds on Drimys granadensis (Winteraceae), R maxberryi on Gaiadendron
punctatum (Loranthaceae), and P tropaeolicola on Tropaeolum emarginatum (Tropaeolaceae). All speci-
mens were collected as larvae or pupae in their mines and reared in captivity. Parasitoid wasps were reared
from P, drimiphaga and P maxberryi. Description of the adults, pupae, and life histories are supplemented
with photographs, illustrations, and scanning electron micrographs.
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Introduction

Phyllocnistis Zeller includes 87 described species, many of which are very small, with
silvery vestiture, and similar in appearance (De Prins and De Prins 2005, 2009). The
genus has been generally poorly studied because of its small size and difficulty to iden-
tify species. The precise taxonomic placement of the genus has also remained question-
able because of a lack of shared adult morphological characters with other microlepi-
doptera (De Prins and Kawahara, 2009).

Only two species of Phyllocnistis were known to occur in Costa Rica (De Prins and
De Prins 2005, 2009), one of which is citrus leaf miner, P citrella Stainton, 1856, and
the other, the mahogany leaf miner, P meliacella Becker, 1974. Phyllocnistis citrella,
originally from the Old World, was first reported in the Americas in 1993 (Heppner
1993) and has since become established in nearly every major citrus growing region in
the New World. The larva of cizrella is restricted to the plant family Rutaceae, and the
larva of meliacella is known to feed only on members of the Meliaceae.

The larva of Phyllocnistis is unusual in having three or more sap-feeding instars
and one non-feeding, highly specialized cocoon-spinning instar (Davis 1987). The
larva creates a long, slender, subepidermal serpentine mine with a characteristic me-
dian frass line at the terminus of which a pupal chamber (pupal cocoon fold) is con-
structed, usually from the curled edge of the leaf (Davis 1994). On the basis of its
unique mine, a phyllocnistine fossil has been identified as the oldest fossil in the
Ditrysia, dated from leaf impressions from the Cretaceous (Grimaldi and Engel 2005;
Labandeira et al. 1994), the bedrock which was recently reevaluated to be ~ 102 mil-
lion years Ma (Brenner et al. 2000).

In general, larval morphological characters poorly define species of Phyllocnistis.
From our experience rearing North American Phyllocnistis with David Wagner and
others, pupal morphology provides the most informative characters for distinguish-
ing species in the genus. In particular, we have found the shape of the frontal ridge
(cocoon-cutter) and hooks on the dorsal surface of the abdominal segments to be very
useful. These structures are respectively used to cut the cocoon and anchor it during
adult emergence. We describe the adults, pupae, and life histories of the three new spe-
cies of Phyllocnistis found in the central highlands of Costa Rica.

Methods

Study sites and habitats. Field studies were conducted at four high elevation sites
between 1950-3100 m in the central region of Costa Rica during July 2001, April—
May and November 2002, February—April 2003, December 2003—January 2004,
March—April 2004, May 2005, September 2008, and July 2009. Three sites were
located on Cerro de la Muerte, in the northern to central region of Cordillera de
Talamanca (Fig. 1A). This region is cold and humid with 1-2 months of dry season
(Herrera and Gémez 1993). According to Kappelle (1996), annual rainfall ranges
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Figure 1. Habitats and larval host plants of Phyllocnistis species. A Cerro de la Muerte, Villa Mills region,
3000 m and below, in Cordillera de Talamanca B Volcin Barva, ALAS transect, 2000 m, in Braulio Carillo
National Park € habitat of 2 drimiphaga in Cerro de la Muerte, km 70 Pan-American Hwy, road to El Paraiso
del Quetzal, 2700 m, arrow pointing to host plant where mines were found D young stem shoots and leaves

of Drimys granadensis of C, growing from base of the tree E flowers and leaves of D. granadensis F habitat of P
maxberryi in Cerro de la Muerte, km 95 Pan-American Hwy, trail front of La Georgina in Villa Mills, 3100 m,
arrow pointing to host plant where mines were found G young growth of Gaiadendron punctatum in front, and
mature trees with yellow fruits in behind, at ALAS transect in Vara Blanca, 2000 m H habitat of P tropaeolicola
in Cerro de la Muerte, on km 95 Pan-American Hwy, near La Gegina in Mills, 3100 m, arrow pointing to host
plant where mines were found | Zrapacolum emarginatum, details of host plants that are shown in H.
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from 2000 to 3500 mm and average daily temperature is 11°C, with temperatures at
night occasionally falling below 0 °C during the dry season. Sleet and heavy frost has
been observed at Mills region (Oscar Abarca, pers. comm.). One of the sites on Cerro
de la Muerte was near Villa Mills, at the 95 km mark of the Pan-American Highway
(09°33'30.0"N, 083°43'25.8"W, 3100 m; Fig. 1, H). Another site was near the road
leading to El Paraiso del Quetzal at the 70 km mark of the Pan-American Highway
(2774 m, 09°33'45.6"N, 083°50'50.1"W; Fig. 1C). This road divides Parque Na-
cional Tapanti-Macizo de la Muerte and Parque Nacional Los Quetzales/Reserva
Forestal Los Santos of San José Province. The third site on Cerro de la Muerte was on
the road to the Genesis II Cloud Forest Preserve, 4 km NE of La Canén in Cartago
Province (09°42'23.4"N, 083°54'35.9"W, 2385 m).

The fourth site was in Cordillera Volcdanica Central, 6 km ENE of Vara Blanca,
part of Volcdn Barva in Parque Nacional Braulio Carrillo (10°10'51"N, 084°06'20"W,
1950-2050 m; Fig. 1B). This collecting site was near the edge of a swampy open field
and oak forest. The weather of this locality is consistently cool and humid through-
out the year (Herrera and Gémez 1993). Typical weather at this site is rainy and
windy, with a few hours of daily sunshine and temperatures ranging from 5-11 °C
(Nishida 20006).

Leaf 'mine sampling and rearing. Leaf mines were collected and placed in transpar-
ent plastic bags or vials and larvae were reared at Universidad de Costa Rica, San José
(1200 m elevation). Each day, mines were placed in a refrigerator (7.0-8.0 °C) and
transferred to ambient temperature (- 20 °C) to simulate natural conditions at high
elevations. Reared parasitoids and samples of the mature larva and pupa of each species
were preserved in 75-80 % EtOH. Adult moths were pinned, spread, and double-
mounted. All adult specimens in this study were obtained from reared immatures.

Photography and dissection. Photographs of leaf mines were taken primarily in the
field using Nikon Coolpix 4500, 8700, and Canon G7 digital cameras. Some pupae
were dried and sputter-coated with a 60:40 mixture of gold-palladium for examination
with a scanning electron microscope (SEM). SEM photographs were taken using an
Amray 1810 SEM with a lanthanum hexaboride (LaB6) source at an accelerating volt-
age of 10 kV. Illustrations of the genitalia were sketched with a camera lucida attached
to a stereomicroscope.

Type deposition, nomenclature, and diagnosis. Type specimens are deposited in
the United States National Museum of Natural History, Smithsonian Institution
(USNM), Museo de Zoologia, Escuela de Biologia, Universidad de Costa Rica
(UCR), and Instituto Nacional de Biodiversidad, Santo Domingo de Heredia, Costa
Rica (INBio). Scientific names of plants follow Missouri Botanical Garden (2009).
Adult wing pattern nomenclature is explained in Fig. 3; diagnostic features of the
three species are summarized in Table 1.
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Adult, pupa, and life history descriptions

Phyllocnistis drimiphaga Kawahara, Nishida & Davis, sp. n.
urn:lsid:zoobank.org:act:48662DAE-2362-4959-A0B2-C9339B31BB1F

Diagnosis (Table 1). Phyllocnistis drimiphaga is similar to P maxberryi, but is larger
and has slender, sharply angled costal fascia, V-shaped transverse fascia, three costal
strigulae, and dissimilar signa. Phyllocnistis drimiphaga differs from P tropaeolicola in
having broad longitudinal fascia, genital valva that are only - 1.8x the length of the
vinculum, and paired signa. The pupa has curved, flattened frontal processes, which
are reduced in P maxberryi and conical in P tropaeolicola.

Adult (Fig. 2A). Forewing length 2.9-3.5 mm. Head. Vestiture consisting of
smooth, broad, silvery-white scales that overlap anterior margin of eye. Antenna -
equal to length of forewing, scape and pedicel enlarged laterally and covered with
lanceolate scales, a single row of fine short scales completely encircling each flag-
ellomere. Labial palpus long, slender, - 1.0 mm in length, covered with lustrous
white scales. 7horax. Forewing silvery white; with a long pale yellowish-orange lon-
gitudinal fascia with dark-gray margins extending 2/3 length of forewing slightly
diagonal from base of costa to strongly oblique, costal fascia of similar color across
distal third of wing; apex of forewing with three slender, fuscous, costal strigulae;
apical to subapical pale yellowish orange bordered by gray; three apical, fuscous
strigulae arising from small black apical spot, and one tornal, fuscous strigula also
from apical spot; ventral surface mostly dark brown. Hindwing creamy white. Legs
mostly silvery white; foretibia fuscous dorsally; fore- and mid-tarsomeres lightly
suffused with cream scales dorsally. Abdomen. Length - 2.0 mm, covered in long
silver scales. Coremata present on segment VIII of male, consisting of a pair of
elongate, inflatable tubular extensions bearing a terminal cluster of long slender
scales (Fig. 4A). Male genitalia (Figs 4A—C). Uncus absent; tegumen complex,
consisting of a narrow, sclerotized dorsal arch, continuing caudally, often slightly
beyond apex of valva, as an elongate, mostly membranous, basally spinose cylinder
that encloses the anal tube; vinculum well developed, - 0.6x length of valva, U- to
V-shaped with relative narrow anterior end; valva (Fig. 4B) relatively long, ~1.8x
length of vinculum, generally slender with a moderately broad base, very slender
for most of its length, then broadening apically to form a prominent dorsal lobe
and a smaller ventral lobe (Fig. 4A); transtilla arising from mesal base of valva as an
elongate, acute process, and continuing mesally to articulate at midline with proc-
ess from opposite valva. Aedeagus (Fig. 4C) slender, weakly sclerotized, externally
finely wrinkled cylinder, - equal to length of valva; cornuti absent; phallobase
greatly extended as a membranous tube - 1.7-2.0x length of aedeagus; terminal
hood of phallobase abruptly inflated and curved at right angle to phallobase. Geni-
talia slide USNM 33208. Female genitalia (Figs 4D, E). Oviscapt greatly reduced;
posterior apophyses very short, ~ 0.8x length of papillae anales; anterior apophyses
slightly longer, ~ 1.3x length of posterior apophyses; ostium bursae opening in
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Figure 2. Adults of three new Phyllocnistis species from Costa Rica. A Phyllocnistis drimiphaga sp. n.,
holotype female B R maxberryi sp. n., holotype female (abdomen removed for dissection) C R tropaeoli-
cola sp. n., holotype male.
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Figure 3. Nomenclature of Phyllocnistis forewing fasciae and strigulae.

membrane between sterna 7 and 8; ductus bursae completely membranous, slen-
der, elongate, over 7.5x length of papillae anales and terminating near caudal fifth
of corpus bursae; corpus bursae greatly enlarged, -~ 0.7x length of ductus bursae;
walls of corpus bursae membranous except for a pair of ligulate and very dissimilar
signa; longest signum - 3x length of shorter member and with 5 short, acute to
rounded, flattened spines projecting from one side of signum; shorter signum with
a single, blunt, flattened, rounded spine projecting from middle; length of spines -
equal to width of signa; ductus seminalis extremely slender, elongate, ~ 2.3x length
of corpus bursae and arising from anterior end of corpus bursae. Genitalia slides
USNM 33207, 33273.

Larva (Figs 10E G). Mature sap-feeding larva - 6.5 mm long, yellowish white,
head capsule translucent pale brown (Fig. 10F). Last instar (cocoon-spinning) larva
yellowish white, head capsule yellowish white; -~ 6.2 mm long (Fig. 10G).

Pupa (Figs 7, 10I). Dark brown, up to - 3.8 mm long, diameter - 0.75 mm.
Vertex with a stout, triangular frontal process (cocoon-cutter) transversed by a pair of
shorter, curved spines (Figs 7A—E), and single pair of long setae at base of frons (Fig.
7C). Dorsum of A2—A7 with a pair of curved, large spines, arranged roughly in the
shape of a V, in between which is a concentration of smaller spines projecting posteri-
orly (Figs 7F—H); each segment with a pair of long, lateral, sensory setae (Fig. 7K). A10
prominently furcated (Figs 71, J, L), with a pair of slightly divergent acute processes
from caudal apex. Pupal slide USNM 34034.

Types. Holotype (Fig. 2A): @, COSTA RICA: Prov. Heredia, 6 km ENE Vara
Blanca, 2050 m, 10°10'34"N, 084°06'41"W, 27 Jan 2004, adult emergence, IN-
Bio-OET-ALAS transect, col./rear Kenji Nishida, pupa collected 30 Dec 2003, host
plant Drimys granadensis. Leaf miner on underside (USNM). Paratypes: [mma-
tures: Prov. Cartago: Cerro de la Muerte, La Canén, Genesis II Cloud Forest Pre-
serve, 2422 m, 09°42'23.4"N, 83°54'36.1"W: 2 sap-feeding larvae, 1 pupa, 12 Sep
2008, Kenji Nishida, host Drimys granadensis; Prov. San José: Cerro de la Muerte,
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Figure 4. Phyllocnistis drimiphaga sp. n., genitalia. A Male, ventral view B right valva, mesal view C
aedeagus D female, lateral view E ventral view of terminal segments. (Scale bar 0.5 mm except for figure
B, 0.2 mm.)

Parafso del Quetzal: 2 pupae, USNM 34034. Adults: same locality as holotype: 15,
26 Jan 2004, USNM 33208; 19, 26 Jan 2004, USNM 33207; 13, 19 (USNM
33273), 28 Jan 2004. 19 adult paratype at INBio and UCR, the remaining para-
types at USNM.

Life history (Fig. 10). Mines are narrow, long, and serpentine, with a brown me-
dian frass line (Figs 10A, C, D) covering most areas of the leaf on small leaves (< 6
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cm) or half the area in larger leaves. Mines were found on relatively young leaves near
the apex of branches, from branches close to the ground up to - 3 m on young trees,
along shaded areas of forest trails (Fig. 1C) or in the understory. We observed 43 of
48 mines on the abaxial side of the leaf (Fig. 10A), and the remaining mines on the
adaxial side (Fig. 10D). Most mines were singly found on a leaf; however seven of 38
mined leaves carried two mines, either two on the abaxial side or one on both sides. All
but one adaxial mine began near the mid-vein and extended along it (Fig. 10D). Ma-
ture mines are yellowish green in color (Fig. 10C). Mining on small, soft, youngleaves
frequently caused the leaf margin to curl. We were unable to study the upper canopy
for leaf mines.

Early stage mines were typically in the shape of a whorl (Figs 10A—C). Flat, oval
egg shells were found attached to the leaf surface in the middle of an early mine whorl
(Fig. 10B). A pupal cocoon fold (- 6.5 mm long), typical of Phyllocnistis, was found
along leaf margins (Figs 10A, H, J) both on the adaxial (Fig. 10H) and abaxial sides
(Figs 10A, J).

In 70 examined mines, only 20 had a live larva or pupa. Remaining mines either
were empty or contained dead, early to middle stage sap-feeding larvae. Mortality of
sap-feeding stages was most likely caused by desiccation after rupturing of the epi-
dermal layer and by a cf. Ceraphron (Ceraphronidae) parasitoid wasp. In some pupal
folds, a pupal shell of an entedonine wasp (Eulophidae) was found with a shrunken 2
drimiphaga pupal shell. In others, cocoons of Ageniaspis sp. (Encyrtidae) were found in
a last instar (cocoon-spinning) larval pelt (Fig. 10K).

We also discovered active mines of Marmara sp. (Gracillariidae) on the abaxial side
of same host along the road to El Paraiso del Quetzal. Compared to those of P drimi-
phaga, mines were much narrower, whiter, less serpentine, and were typically found
near leaf margins.

Host. Drimys granadensis L. f. (Winteraceae) (Fig. 1D). Drimys Foster & Forster is
the only genus in the family Winteraceae found in the New World tropics (Doust and
Drinnan 2004). All other genera of Winteraceae are found in the Old World south-
ern hemisphere with a center of diversity in Southeast Asia (Gentry 1996; Hartshorn
1983). Drimys granadensis, commonly known as ‘chilemuelo’ or ‘quiebra muelas’, has
been recorded from central Mexico (~20°N) south through Central America to north-
ern Peru (- 5°S) (Missouri Botanical Garden 2009). Trees grow to nearly 15 m in
height and are characterized by pepper-flavored leaves with white underside surfaces
and aromatic bright, white flowers (Fig. 1E), found mostly in primary forest (Alfaro-
Vindas 2003). In Costa Rica, the species has been recorded between 1100 and 3700 m
elevations on both Pacific and Atlantic slopes. Large young leaves are pale green color,
sized - 10—15 c¢m long and 2—4 c¢m wide (KN, pers. obs.).

Distribution. Known only from cloud forests above 2000 m in Cordillera de
Talamanca and Cordillera Volcdnica Central. More specifically, specimens have been
collected from Heredia Province, 6 km ENE of Vara Blanca; San José Province,
Cerro de la Muerte, Paraiso del Quetzal; and Cartago Province, Cerro de la Muerte,
Genesis II Cloud Forest Preserve. In February 2009, several additional old leaf mines
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were observed in Chirripé National Park along the main trail between 2200 and
2700 m elevation.

Etymology. The species name, drimiphaga, comes the host plant genus, Drimys,
and the Greek word phaga, meaning “to eat”.

Phyllocnistis maxberryi Kawahara, Nishida & Davis, sp. n.
urn:lsid:zoobank.org:act:598E20A2-D76F-41A2-83A0-CA268ECODF41

Diagnosis (Table 1). Phyllocnistis maxberryi differs from P drimiphaga and R tropaeoli-
cola in having an oviform costal fascia with a broad margin, a C-shaped transverse fas-
cia, two costal strigulae, and paired signa that are similar in shape. Unlike drimiphaga
and rropaeolicola, the pupa of maxberryi has less developed frontal processes and two
parallel rows of spines on the dorsal surface of abdominal segments. Of the three new
Phyllocnistis species proposed in this paper, P maxberryi is morphologically most simi-
lar to P meliacella Becker. Phyllocnistis maxberryi may be distinguished from the latter
by its broader apex of the valva and proportionately larger signa.

Adult (Fig. 2B). Forewing length 2.2-3.7 mm. Head. Vestiture silvery white, com-
pletely covered with smooth, broad, scales that overlap anterior margin of eye; occipital
scales cream. Antenna - equal or slightly longer than length of forewing, scape and
pedicel enlarged laterally and covered in long silvery scales, a single row of slender
mostly silvery-white scales completely encircling each flagellomere; dorsal surface of
antenna with a pale-golden luster. Labial palpus slender, -~ 0.5 mm in length, with
silvery-white scales. 7horax. Forewing silvery white, with a single, broad, light-brown
longitudinal fascia with a dark brown posterior margin extending slightly diagonal
from base of costa joining costal fascia at -~ midway to apex; costal fascia oblique, pale
gold, oviform, with a broad, inner dark-brown margin; transverse fascia C-shaped, pale
gold with dark margin; apical to subapical area pale yellow; two faint, dark-brown cos-
tal strigulae present; a single, small black spot at wing apex from which two dark-brown
apical strigulae arise. Hindwing silvery white. Legs mostly silvery white, with a faint
suffusion of pale gold dorsally over most segments. Abdomen. Length ~1.5-2.0 mm,
silvery white; coremata similar to 2 drimiphaga. Male genitalia (Figs 5SA—C). Similar
to P drimiphaga except vinculum relatively broader and more U-shaped. Valva - 2x
length of vinculum, nearly straight with apex only slightly enlarged (Fig. 5A). Genitalia
slide USNM 33279. Female genitalia (Figs SD-F). Oviscapt greatly reduced as in P
drimiphaga; ductus bursae completely membranous, slender, elongate, over 12x length
of papillae anales and terminating near middle of corpus bursae; corpus bursae greatly
enlarged, - 0.7x length of ductus bursae; signa paired, closely similar in shape and size
(fusiform), with more posterior signum ~ 1.2—1.5x longer than anterior signum; each
signum with a single, acute, flattened spine projecting from middle (Fig. 5F); length of
spines slightly more than width of signa; ductus seminalis extremely slender, elongate,
~ 1.9x length of corpus bursae and arising from anterior end of corpus bursae. Geni-
talia slides USNM 33280, 33286.
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Figure 5. Phyllocnistis maxberryi sp. n., genitalia. A Male, ventral view B right valva, mesal view C
aedeagus D female, lateral view E ventral view of terminal segments F signa. (Scale bar 0.5 mm except
for figure B, 0.2 mm.)

Larva (Figs 11C-F). Mature sap-feeding larva - 6.0 mm long, translucent orange,
head capsule brown, prothoracic shield brown (Figs 10C-E). Last instar (cocoon-spin-
ning) larva orange, head capsule orange, - 6.3 mm long (Fig. 10F).

Pupa (Figs 8; 11H, I). Brown, length up to -~ 4.0 mm; diameter - 0.85 mm.
Vertex with a long, dorsally curved, spine-like process (cocoon-cutter) (Figs 8A, B, D,
E), and two pairs of short setae (Fig. 8C). Dorsum of A2-A7 with a pair of laterally
curved, large spines in between which is a concentration of smaller spines, projecting
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posteriorly that are roughly arranged in two parallel rows (Figs 8F—H); each segment
with a pair of long, lateral, sensory setae (Fig. 8K). A10 with a pair of slightly divergent
processes from caudal apex (Figs 81, J, L).

Types. Holotype (Fig. 2B): @, Costa Rica: Prov. San José, Cerro de la Muerte,
Villa Mills, 3100 m, 13 Mar 2003 (adult emergence), host Gaiadendron punctatum,
upper leaf miner, col./rear Kenji Nishida, DRD 4474 (USNM). Paratypes: [mma-
tures: same locality as holotype: 3 pupae (USNM 33732), 5 Mar 2003, K. Nishida;
3 larvae, 2 pupae, 2 Apr 2003, K. Nishida; 1 larva, 21 May 2002, K. Nishida; 3
larvae, 1 pupa (USNM 34024), 10 Mar 2004, K. Nishida. One pupa, Villa Mills,
trail front of La Georgina, 3103 m, 12 Sep 2008, K. Nishida, host Gaiadendron
punctatum. Two larvae, 1 pupa, Prov. Heredia, 6 km ENE Vara Blanca, 10°11'N,
84°07"W, 2050 m, 10 May 2005, K. Nishida; 1 pupa, 23 Nov 2002, K. Nishida.
Adults: same locality as holotype: 13, 22 Mar 2003, K. Nishida; 2, 26 Mar 2003,
K. Nishida; 28, 29, Prov. Heredia, 6 km ENE Vara Blanca, 10°11'N, 84°07'W,
1950-2050 m, 2 Feb 2003, K. Nishida; 27, 9 Apr 2002, 1900 m, emerged 22-28
Apr 2002, host Gaiadendron punctatum, D. and M. Davis. & slide USNM 33279;
@ slides USNM 33280, 33286. One paratype, unknown sex (missing abdomen) at
UCR, remaining paratypes at USNM.

Life history (Fig. 11). Active mines were found on fully open young leaves near
the tip of a branch. The smallest leaf with an active mining larva measured 12 x 30
mm. Mines were generally found on young plants about 30 cm to 1.5 m tall, in open
fields or along exposed dirt roads or trails. In an open swampy field at the ALAS
transect near Vara Blanca, many active mines were found on new leaves on young
plants less than 1.5 m tall (Fig. 11A) and very few active mines were found on larger
plants bearing flowers or fruit.

Thirty-six of 42 leaves had mines on the adaxial side and the rest had mines on the
abaxial side or on both. Up to three mines were observed on a single leaf. These mines
were relatively short, serpentine mines with a brown median frass line that became
dark brown as the mine widened (Fig. 11C).

We recognize a general mining pattern for P maxberryi: the egg is laid on the
mid-vein, near the center of the leaf (Fig. 11C). After hatching, the larva enters
the leaf and mines proximally towards the leaf petiole along the mid-vein and turns
toward the leaf apex near or at the leaf petiole and mines along the leaf margin.
Before reaching the midpoint along the axis of the leaf, the larva travels inward be-
tween the mid-vein and leaf margin and travels towards the leaf apex. After nearing
the apex, the larva crosses the mid-vein and begins mining the other half of the leaf
in a relatively straight line turning back towards the petiole. Once near the petiole,
the larva constructs an oval-shaped chamber and molts within. After molting, the
cocoon-spinning instar folds the margin while spinning its cocoon. This pupal fold
was typically ~ 7.0 mm long (Figs 11B, G). Under rearing conditions, the pupal
stage lasts between 21-28 days (n = 7). Five female specimens of Chrysocharis sp.
(Eulophidae: Entedoninae) were reared from pupal cocoon folds collected at Villa
Mills, Cerro de la Muerte.
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Host. Gaiadendron punctatum (Ruiz & Pav.) G. Don (Loranthaceae) (Fig. 1G).
The free-standing root parasite/epiphyte tree genus Guaiadendron includes approxi-
mately 15 species occurring in the New World (Gentry 1996; Missouri Botanical Gar-
den 2009). Gaiadendron punctatum is distributed from Nicaragua through southern
Central America to Bolivia (- 17°50'S) between 600 and 4100 m elevation (INBio
2009; Missouri Botanical Garden 2009). Trees are typically 2-5 m in height with
bright yellow/orange flowers (Kappelle 2008). Young leaves are pale green to reddish
brown, about 3—6 cm long and 1-3 cm wide (KN, pers. obs.). Among species in the
genus, only G. punctatum is known from Costa Rica, and it has been recorded above
1500 m in open areas and along trails in cloud forests (INBio 2009; Kappelle 2008).

Distribution. This species appears to have a greater elevational range than the
other two, being found between 1950 and 3100 m. Specimens have been collected
from Heredia Province, 6 km ENE of Vara Blanca, in the Cordillera Volcdnica Central;
and Cartago Province, Cerro de la Muerte, Villa Mills, in Cordillera de Talamanca.

Etymology. Named for the Honorable Max N. Berry of Washington, D.C., an
honorary member of the Smithsonian National Board.

Phyllocnistis tropaeolicola Kawahara, Nishida & Davis, sp. n.
urn:lsid:zoobank.org:act:E766981C-DIEC-48DE-9CID-D02EC2AC9744

Diagnosis (Table 1). Phyllocnistis tropaeolicola differs from P drimiphaga and P maxber-
ryi in its larger size, having a slender longitudinal fascia, valva that are ~-2.4x the length
of the vinculum, and a single, band-shaped signa. The pupa of P tropaeolicola has coni-
cal frontal processes and dorsal abdominal spines on each segment are arranged in a V.

Adult (Fig. 2C). Forewing length 2.6-5.0 mm. Head. Vestiture silvery white,
completely covered with smooth, broad, scales slightly overlapping anterior margin
of eyes. Antenna ~ equal to length of forewing, scape and pedicel enlarged laterally
and covered in long silvery scales, a single row of fine short scales completely encir-
cling each flagellomere. Labial palpus long, slender, - 1.0 mm. 7horax. Forewing
silvery white; with a slender, dark-brown, longitudinal fascia extending 2/3 length of
wing to meet distally at junction of brown, costal and transverse fasciae; costal fascia
slender and strongly oblique with dark-brown border; transverse fascia V-shaped,
with a dark-brown border; apical to subapical area pale yellowish orange with a
small black spot; three slender, dark-brown costal strigulae, three slender dark-brown
apical strigulae, and one faint brown tornal strigula arising from black apical spot;
fringe along tornal margin white with a dark-brown basal band of broad scales.
Hindwing mostly white except for a band of pale brown scales extending length of
costal margin. Legs similar to P drimiphaga, silvery white except dark brown over
dorsal surface of femur, tibia and tarsus of foreleg. Abdomen. Length - 2.0 mm,
mostly brownish gray dorsally, silvery white ventrally. Coremata similar to 2 drimi-
phaga. Male genitalia (Figs 6A—C). Similar to P drimiphaga except valva relatively
longer and more slender, - 2.4x the length of vinculum, nearly straight, with ventral
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lobe of apex slightly re-curved dorsad (Fig. 6A). Genitalia slide USNM 33281. Fe-
male genitalia (Figs 6D, E). Oviscapt greatly reduced as in P drimiphaga; ductus bur-
sae completely membranous, slender, elongate, -~ 8.5x length of papillae anales and
terminating at posterior end of corpus bursae; corpus bursae ~ 0.6x length of ductus
bursae; a single elongate signum present as a narrow band partially encircling mid-
dle of corpus bursae; signum with 2 acute, flattened spines projecting inwards from

Figure 6. Phyllocnistis tropaeolicola sp. n., genitalia. A Male, ventral view B right valva, mesal view C

aedeagus D female, lateral view E ventral view of terminal segments. (Scale bar 0.5 mm except for figure
B, 0.25 mm.)
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Figure 7. Phyllocnistis drimiphaga sp. n., pupa. A Ventral view of head B ventral view of cocoon-cutter C

frons D lateral view of head E lateral view of cocoon-cutter F dorsal view of fifth abdominal tergum G spines
on fifth abdominal tergum H lateral view of spines on fifth abdominal tergum I view of abdominal tip J dor-
sal view of A9-10 K lateral seta on seventh abdominal tergum L ventral view of A9-10. Scale bars 100 pm.

band; length of spines slightly more than width of signa; ductus seminalis extremely
slender, elongate, - 2.4 x length of corpus bursae and arising from near middle of
corpus bursae. Genitalia slide USNM 33282, 33285, 33288.

Larva (Figs 12A, C-F). Young sap-feeding larva translucent yellow (Fig. 12A).
Mature sap-feeding larva ~7.5 mm long, translucent yellow, head capsule translucent
pale brown, prothoracic shield dark brown (Figs 12C-). Cocoon-spinning larva whit-
ish yellow, head capsule pale gray brown; - 6.5 mm long (Fig. 12F).
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Figure 8. Phyllocnistis maxberryi sp. n., pupa. A Ventral view of head B ventral view of cocoon-cutter C

frons D lateral view of head E lateral view of cocoon-cutter F dorsal of sixth abdominal tergum G spines
on sixth abdominal tergum H lateral view of spines on seventh abdominal tergum I view of abdominal tip )
dorsal view of A9—10 K lateral seta on sixth abdominal tergum L ventral view of A9—10. Scale bars 100 pm.

Pupa (Figs 10, 12H). Brown, length up to - 5 mm; diameter ~ 1.0 mm. Vertex
with a short, stout, process (cocoon-cutter) flanked by two, flattened, slightly longer
processes (Figs 9A, B, D, E) and two pairs of short setae (Fig. 9C). Dorsum of A2—-A7
with a pair of laterally curved, large spines in between which is a concentration of
smaller spines, arranged in a triangular, V-shaped pattern (Figs 9F G); each segment
with a pair of long, lateral, sensory setae (Fig. 9L) that are shortest on A9-10 (Figs 9],
K). A10 with a pair of slightly divergent processes from caudal apex (Figs 91, ]).
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Figure 9. Phyllocnistis tropaeolicola sp. n., pupa. A Ventral view of head B ventral view of cocoon-cutter

C frons D lateral view of head E lateral view of cocoon-cutter F dorsal view of fourth abdominal tergum
G spines on fourth abdominal tergum H lateral view of spines on fourth abdominal tergum I view of
abdominal tip J dorsal view of A9-10 K lateral seta on A9—10 L lateral seta on seventh abdominal tergum.
Scale bars 100 pm.

Types. Holotype (Fig. 2C): &, Costa Rica: Prov. Cartago, Cerro de la Muerte, Vil-
la Mills, 3100 m, 13 Mar 2003 (adult emergence), host Tropaeolum emarginatum, col./
rear Kenji Nishida, mine with pupal fold collected 6 Mar 2003 (USNM). Paratypes:
Immatures: 1 prepupa, 1 pupa (USNM 34036), Villa Mills, Georgina, 9°33'30"N,
83°43'25.8"W, 3103 m, 12 Sep 2008, K. Nishida, host Zropacolum emarginarum.
Adults: same locality as holotype, 64, 49: & slide USNM 33281, ¢ slide USNM
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white square enclosing early mine, arrow pointing to pupal cocoon fold B close-up view of early mine,

arrow pointing to egg shell remains C same as figure B, but showing frass pattern (photo taken with
sunlight projecting through the leaf from behind) D nearly mature old mine on adaxial side E nearly
mature old mine on abaxial side (photo taken from adaxial side) F opened mine showing mature sap-
feeding larva in situ G opened young pupal cocoon fold showing cocoon-spinning larva in situ H pupal
cocoon fold on adaxial mine | opened pupal cocoon fold showing pupa 77 situ (dorsal view) J protruded
and attached pupal shell (arrow) on pupal cocoon fold of an abaxial leaf mine K opened pupal cocoon fold

on adaxial mine showing Ageniaspis cocoons in situ.
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Figure 11. Life history of Phyllocnistis maxberryi sp. n. A Leaf mines on young growing Gaiadendron
shoot B mature mine with pupal cocoon fold (arrow) € nearly mature mine and mature sap-feeding larva
(left arrow), and oviposition location (right arrow) D close-up view of mature sap-feeding larva E opened
mine showing mature sap-feeding larva in situ F opened young pupal cocoon fold showing cocoon-
spinning larva iz situ G pupal cocoon fold, arrow pointing at thinner pupal exit H opened pupal cocoon

fold showing pupa in situ, dorsal view | pupa in situ, lateral view.
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Figure 12. Life history of Phyllocnistis tropacolicola sp. n. A Leaf mines on a young leaf, arrows pointing at

young to middle instar larvae B mature leaf mine with pupal cocoon fold (arrow), white square enclosing
early stage mine region € mature sap-feeding larva in pre-cocoon chamber D detailed view of figure C E
opened mine showing nearly mature sap-feeding larva 77 situ F opened young pupal cocoon fold showing
cocoon-spinning instar iz situ G pupal cocoon fold, arrow pointing to the slender exit H opened pupal
cocoon fold showing pupa 77 situ, dorsolateral view.
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33285;243, 29 (USNM 33280, 33282) with adult emergence 11 Mar 2003; 18, with
adult emergence 15 Mar 2003. 19 adult paratype at INBio and UCR, the remaining
paratypes at USNM.

Life history (Fig. 12). Mines of P tropaeolicola were readily found on plants grow-
ing along the Pan-American Highway (Fig. 1H). Most mines occurred on full-grown
new leaves (Figs 12B, C) but some were found on developing leaves (Fig. 12A). Thir-
teen had a single mine, two leaves had two, and one had three. All mines were found
on the adaxial side, and the late sap-feeding instar fed on the mesophyll (Fig. 12E).

The mine characteristically begins as a narrow, irregular serpentine gallery (Fig.
12B) that widens as it extends along or near the leaf margin (Figs 12B, C). It is rela-
tively narrow, pale green to white with a less conspicuous dark green median frass line.
Pupal cocoon folds were - 5.5 mm long and were found near the leaf margin (Figs
12B, G). Adults emerged 5-9 days after pupal cocoon folds were collected.

We found mines of an unidentified fungus gnat (Diptera: Mycetophilidae) at same
site on the same plant. The mines, which usually occur several on a single leaf, are ir-
regularly shaped blotch mines with dark-green frass scattered randomly within. The fly
larva causes curling, drying, necrosis, and yellowing of the leaves, and was more abun-
dant than P tropaeolicola mines. Several leaves were infested with both mycetophilid
and P tropaeolicola larvae.

Host. Tropaeolum emarginatum Turcz (Tropaeolaceae) (Fig. 11). Tropaeolum, the
only genus recognized in Tropacolaceae, is Neotropical and contains approximately 90
species, many of which are found in Andean cloud forests (Gentry 1996). Four species
occur in Costa Rica, and 7. emarginatum is present on both the Atlantic and Pacific
slopes between 700 and 3200 m (Alfaro-Vindas 2003; INBio 2009). Outside Costa
Rica, T emarginatum has been recorded from Chiapas, Mexico to Cotopaxi, Ecuador
(Missouri Botanical Garden 2009). The tenuous, soft, and succulent vines of 7. emar-
ginatum are usually found in forest edges and disturbed areas, and the flowers are red
to yellow orange (Alfaro-Vindas 2003; Gentry 1996). Most of the leaves are between
5 and 8 cm wide (KN, pers. obs.).

Distribution. Known only from the type locality, Cerro de la Muerte, Villa Mills,
at 3100 m elevation in the Cordillera de Talamanca.

Etymology. The species name, rropaeolicola, is formed from its host plant genus
name, 7ropaeolum, and the Latin word colz, meaning “inhabitant”.
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