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Abstract: The leaf-mining moth genus Philodoria Walsingham (Lepidoptera:
Gracillariidae) is composed of 30 described species, all of which are endemic
to the Hawaiian Islands. Philodoria is known to feed on 10 families of endemic
Hawaiian host plants, with several species recorded only from threatened or endangered hosts. Beyond their dependence on these plants, little is known of their
evolutionary history and conservation status. We constructed a molecular phylogeny of Philodoria to assess validity of its current subgeneric classification and
to help guide future work on this threatened Hawaiian lineage. Mitochondrial
and nuclear DNA sequences from three genes (CO1, CAD, EF-1α) combining
for a total of 2,041 base pairs, were collected from 11 Philodoria species, incorporating taxa from both currently recognized subgenera. These data were analyzed
using both parsimony and model-based phylogenetic approaches. Contrary to
the most recent systematic treatment of Philodoria, our results indicate strongly
that the two currently recognized Philodoria subgenera are not monophyletic and
that morphological characters used to classify them are homoplasious. Based on
our robust results, we revised the higher classification of Philodoria: the subgenus
Eophilodoria Zimmerman, 1978 is established as subjective junior synonym of
Philodoria Walsingham, 1907. We also present new host plant and distribution
data and discuss host range of Philodoria as it pertains to endangered Hawaiian
plants.
Philodoria W alsingham , 1907 (Lepidoptera:
Gracillariidae) is a genus of leaf-mining mi1
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cromoths that currently includes 30 described
species, all of which are endemic to the Hawaiian Islands (Zimmerman 1978). The genus
is extraordinary in that its larvae mine leaves
of 10 plant families from seven orders (Swezey
1954, Zimmerman 1978). Host plant groups
include iconic and endangered Hawaiian
plant taxa such as the silversword alliance
(Argyroxiphium DC. and Dubautia Gaudich.)
and the Hawaiian lobelioids (Clermontia
Gaudich.). Approximately 80% of Philodoria
species feed on a single plant host species, and
more than three-quarters of these species are
restricted to a single Hawaiian island (Zimmerman 1978). The genus Philodoria should
be considered a conservation priority due to
the stringent host specificity and limited geographic range of the majority of its species.
The taxonomic history of Philodoria has
been unstable, and the group’s evolutionary
relationships remain unknown despite its distribution across Hawai‘i and specialization on
distantly related plants. Philodoria was origi-
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nally assigned to Tineidae Latreille ( Wal
singham 1907), followed by placement in
Glyphipterigidae Stainton (Meyrick 1912).
Species within Philodoria have also been
assigned to various other genera, including
Gracillaria Haworth, Elachista Treitschke
( Walsingham 1907), and Parectopa Clemens
(Meyrick 1928). The most recent systematic
treatment grouped all Hawaiian species previously assigned to Elachista, Gracillaria, and
Parectopa into Philodoria (Zimmerman 1978).
Zimmerman divided the genus into two subgenera, Philodoria (Eophilodoria) and Philodoria
(Philodoria), based on the size of the maxillary
palpus. Under this classification, Zimmerman
assigned 16 Philodoria species with the maxillary palps “fully developed” to the subgenus
Eophilodoria (type species: P. marginestrigata
Walsingham). Fourteen Philodoria species
with this structure “greatly reduced, vestigial,
or obsolescent” were assigned to the subgenus
Philodoria (type species: P. succedanea Wal
singham). In addition, Zimmerman’s treatment defines Philodoria species based on scale
patterns, host plant associations, and distribution. However, no phylogenetic data /analyses
have evaluated the usefulness of these char
acters for defining the subgenera or species.
This study represents the first attempt to
evaluate the usefulness of the maxillary palp
character (i.e., the monophyly of the sub
genera) for the subgeneric classification of
Philodoria.
We constructed the first phylogeny of
Philodoria that sampled molecular sequence
data from one mitochondrial and two nuclear
genes from 11 Philodoria species (see Table 1)
to test the subgeneric classification of Zimmerman (1978). Our results do not support
Zimmerman’s subgenera, and we discuss patterns of host plant associations among our
sampled Philodoria species.
materials and methods
Taxon Sampling, Amplification, and Sequencing
Thirteen samples representing 11 species of
Philodoria were collected during April 2013 at
13 sites on the islands of O‘ahu and Maui
(Figure 1). Specimens of the type species of

each subgenus defined by Zimmerman (1978),
Philodoria (Eophilodoria) marginestrigata and
Philodoria (Philodoria) succedanea, were captured in these collections ( Table 1). Philodoria
collection localities were selected based on
historical records of Swezey (1954) and Zimmerman (1978). New localities were also
surveyed based on the presence of known

Philodoria host plant species. We visually
identified host plants and collected leaves
with signs of leaf miner larval activity. Both
inactive and active leaf mines were photographed and georeferenced. Leaves with active mines and advanced larval instars were
collected and kept in cool, dry conditions in
plastic containers for rearing. Successfully
reared moths were stored in 100% ethanol for
molecular analyses. Larvae that did not successfully pupate and emerge as adults were
stored in ethanol for future morphological
and molecular analyses. Moths and the leaves
from which they were reared were kept as
voucher material and are deposited at the
McGuire Center for Lepidoptera and Biodiversity (mgcl), Florida Museum of Natural
History, Gainesville, Florida. Parasitoids reared
from these collections are also stored at mgcl.
Multiple representatives of two species
(Philodoria auromagnifica, samples CJ-064 and
CJ-072; Philodoria splendida, samples CJ-049
and CJ-105) were included in the study to
determine genetic variation between samples
collected from different volcanoes or host
plants. All adult moths sequenced in this study
were reared from active leaf mines as detailed
earlier, with the exception of CJ-049, which
was field collected as an adult. Philodoria species were identified by comparing adult morphology with specimens determined by Otto
H. Swezey or Elwood C. Zimmerman that
were stored in the Bishop Museum, Honolulu
( bpbm) or the Smithsonian National Museum,
Washington, D.C. (usnm). We also aided
our identifications by comparing our locality
data and larval host plant data with historical
records.
Molecular data were obtained by extracting the DNA from the entire adult moth.
Extraction methods followed manufacturer’s
protocols for the Qiagen DNEasy kit (Qiagen, Inc., Valencia, California). Specimens
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Figure 1. Map of the Hawaiian Islands and the collection localities for the taxa sampled in this study. Additional
information is available in Table 1.

were sequenced for three genes: mitochondrial Cytochrome c Oxidase subunit 1 [CO1; 603
base pairs ( bp)], nuclear Carbamoylphosphate
Synthase domain of CAD (922 bp), and nuclear
Elongation factor 1-alpha (EF-1α) (516 bp);
the primer sequences for amplification of
each fragment are listed in Table 2. We included the same loci for three gracillariids,
Epicephala relictella, Parectopa robiniella, and
Conopomorpha sp. from the study of Kawahara
et al. (2011). These taxa were included as
outgroups because they are known to be

close relatives of Philodoria (Kawahara et al.
2016). Sequences were edited using Geneious Pro v5.5.8 (Biomatters 2013), and
sequence alignments were produced using the
MUSCLE alignment algorithm with default
parameters (Edgar 2004). Each gene alignment was manually concatenated together
into a single alignment that totaled 2,041 bp.
Supplemental Table S1 lists GenBank accession numbers; the single gene trees, concatenated data set, and photos of sequenced tissue
are available from the Dryad data depository
( http://datadryad.org).

Authors’ Note: Supplemental materials
available only on BioOne ( http://www.bioone
.org/  ).
Phylogenetic Analyses
Analyses using parsimony (P), maximum likelihood (ML), and Bayesian inference (BI )
were first conducted on individual loci to assess congruence among data sets. Parsimony
analyses were executed in PAUP* 4.0 (Swofford 2003) using heuristic searches performed
with 1,000 random addition replicates and
tree bisection-reconnection ( TBR) branch
swapping. For ML and BI, we first partitioned
the concatenated data set by gene region
and codon position, and determined the bestfitting models of sequence evolution for each
partition in PartitionFinder 1.0.1 (Lanfear
et al. 2012) using the Akaike Information Criterion. The models for each partition were
used in the following analyses and are listed in
Supplemental Table S2. ML analyses were
implemented in RAxML 8.1.12 (Stamatakis
2014), with 1,000 bootstrap replicates. Bayes-

TABLE 1

Philodoria
Eophilodoria
Philodoria
Eophilodoria
Philodoria
Philodoria
Eophilodoria
Philodoria
Philodoria
Philodoria
Eophilodoria
Eophilodoria
Philodoria

Walsingham, 1907

(Meyrick, 1928)

Walsingham, 1907

(Swezey, 1910)

Swezey, 1940

Walsingham, 1907

(Swezey, 1940)

Swezey, 1915

Walsingham, 1907

Walsingham, 1907

Walsingham, 1907

(Swezey, 1940)

Walsingham, 1907

P. splendida

P. sciallactis

P. auromagnifica

P. hauicola

P. wilkesiella

P. auromagnifica

P. dubauticola

P. pipturicola

P. splendida

P. basalis

P. marginestrigata*

P. naenaeiella

P. succedanea*

Metrosideros
polymorpha
Metrosideros
polymorpha
Abutilon, Dubautia,
Sida
Dubautia laxa,
Dubautia
plantaginea
Myrsine sandwicensis,
Myrsine
lessertiana

Dubautia plantaginea,
Dubautia laxa
Pipturus sp.

Argyroxiphium
grayanum
Myrsine lessertiana

Metrosideros
polymorpha
Melanthera
integrifolia
Myrsine lessertiana,
Myrsine
sandwicensis
Hibiscus tiliaceus

Host Plant Species

Primulaceae

Asteraceae,
Malvaceae
Asteraceae

Myrtaceae

Myrtaceae

Urticaceae

Asteraceae

Primulaceae

Asteraceae

Malvaceae

Primulaceae

Asteraceae

Myrtaceae

Host Plant
Family

1896

1943

1990

1919

1919

1928

1940

1928

1940

1910

1928

1927

1943

Last Documented
Previous to This
Study  a

CJ-144

CJ-142

CJ-135

CJ-112

CJ-105

CJ-101

CJ-077

CJ-072

CJ-068

CJ-065

CJ-064

CJ-061

CJ-049

Study
Specimen
ID

H, M

H, K, Mo,
N, O
M, O

H, K, L, M†,
Mo, O
H, M

M, O

H, M†, Mo,
O
M

M

H, K, M, O

H, M†, Mo,
O

H, K, L,
Mo, O
O

Moth Dist.
a,c

20.785926° N,
156.230492° W

20.881126° N,
156.546767° W
20.910519° N,
156.592075° W
20.930585° N,
156.610279° W
20.911807° N,
156.592131° W
21.412447° N,
158.100055° W
20.976205° N,
156.61929° W
20.818547° N,
156.268527° W
21.572609° N,
158.275253° W
21.533236° N,
157.927446° W

21.504618° N,
158.146989° W
21.572609° N,
158.275253° W
20.930785° N,
156.610357° W

Collection
Locality
(DDD.DDDDD°)

b

a

  As indicated by pinned ( bpbm and usnm) and published (Zimmerman 1978) data.
  Plant species names in bold indicate new host plant records observed in this study.
c
  Islands: H, Hawai‘i; K, Kaua‘i; L, Läna‘i; M, Maui; Mo, Moloka‘i; N, Ni‘ihau; O, O‘ahu. Islands in bold denote type-locality islands. Islands underlined denote the collection localities of
associated specimens.
*  Type species of corresponding subgenus.
†
  New island record.

Subgenus

Author

Moth Taxon
a,b

Summary of Current Philodoria Classification, Diversity, and Host Plants of Taxa Included in This Study

Kawahara et al. (2013)

Monteiro and Pierce (2001)

Hebert et al. (2004)

CO1
CO1
EF-1α
EF-1α
CAD
CAD
LepF1
LepR1
ef44
efrcM4
CADm5F
CADm1mR

ATTCAACCAATCATAAAGATAT
TAAACTTCTGGATGTCCAAAAA
GCYGARCGYGARCGTGGTATYAC
ACAGCVACKGTYTGYCTCATRTC
TAATACGACTCACTATAGGGTGGAARGARGTNGARTAYGARGT
ATTAACCCTCACTAAAGACNGCRCACCARTCRAAYTCNACNGA

687
—
~1,100
—
1,056
—

Citation
Size
Gene
Primer Nucleotide Sequence
Primer

TABLE 2

Primer, Primer Nucleotide Sequence, Gene, Size, and Author of Sequences Used in Phylogenetic Analyses of Philodoria. ( The Underlined Portion of CAD Denotes
the Complementary Region of the Primer to the Gene’s Sequence.)
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ian analyses were conducted in MrBayes 3.2.1
(Ronquist et al. 2012), sampling MCMC
chains every 1,000th tree for 20 million generations. Stationarity was evaluated in Tracer
1.6.0 (Rambaut et al. 2014), and 2,000,000
generations (10%) were subsequently discarded as burn-in. No strongly supported topological incongruence was observed between
individual gene trees using these methods,
and identical tree topologies were obtained
for each locus. These parameters were then
used to analyze the concatenated data set.
Phylogenetic trees were visualized in FigTree
1.4.2 (Rambaut 2009).
Hypothesis Testing
To compare the confidence between our results and Zimmerman’s (1978) morphologybased hypothesis, we conducted an analysis in
which the two Philodoria subgenera were each
constrained to be monophyletic. In RAxML,
an ML tree was estimated with this constraint
enforced, and the likelihood score of this tree
was compared to the ML tree obtained from
the unconstrained analysis. Statistical comparisons between these trees were made with
the Shimodaira-Hasegawa (SH ) test implemented in RAxML and the Approximately
UnBiased (AU ) test of Shimodaira (2002)
implemented in CONSEL 0.20 (Shimodaira
and Hasegawa 2001). For the AU test, we estimated site likelihoods for both constrained
and unconstrained analyses with PAUP*
(Swofford 2003) before combining them into
a single file for CONSEL.
results
Sequencing, Phylogenetic Analysis,
and Hypothesis Testing
Nuclear and mitochondrial sequences were
obtained from 13 gracillariid specimens. Successful amplifications of all genes were obtained for all but one sample (P. naenaeiella,
CJ-142, CAD), and sequence data for CO1
were missing for one outgroup (Conopomorpha
sp.). The final data matrix had only 4.8%
missing data, and individual gene trees had
nearly identical ingroup relationships (topo-
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logical discrepancies were caused by missing
data for the two taxa just listed). The concate
nated data set resulted in trees with entirely
congruent ingroup topologies in all sub
sequent phylogenetic analyses, regardless of
optimality criterion.
Parsimony heuristic searches resulted in
one most parsimonious tree ( length = 1570,
CI = 0.7312, RI = 0.6837). ML and BI analyses also resulted in trees with the same topology as the parsimony tree, and branch support
was strong (>70% bootstrap for ML, >0.90
PP for BI ) for nearly all nodes. All concatenated trees supported the division of the
genus into two main clades (Clade A and

B), the composition of which was Clade A
(Eophilodoria + Philodoria) and Clade B (remaining Philodoria) (Figure 2). Monophyly
of subgenera, as previously defined (Zimmerman 1978), was statistically rejected (P <
.0001) for both SH and AU tests.
discussion
Subgeneric Classification
Our molecular phylogeny of Philodoria does
not support the morphology-based classifi
cation of Zimmerman (1978), who split the
genus into two subgenera, Philodoria (Eophilodoria) and Philodoria (Philodoria), based on
the development of the maxillary palpus.
Zimmerman (1978) classified Philodoria species with a fully developed maxillary palpus as
subgenus Eophilodoria, and species with this
structure “greatly reduced, vestigial, or obsolescent” as belonging to subgenus Philodoria.
Our results confirm that Philodoria species
are classified into two groups (Figure 2).
Shimodaira-Hasegawa and AU tests statistically rejected the monophyly of Zimmerman’s subgenera, because Philodoria wilkesiella
and P. pipturicola, species originally described
within subgenus Philodoria, were consistently
nested within the clade containing species belonging to subgenus Eophilodoria (Figure 2).
Host plant data corroborate the grouping
of P. wilkesiella and P. pipturicola with the related taxa found in Clade A (Figure 2), suggesting that host ranges for Philodoria species
may be conserved at the level of plant fam

ily. Philodoria wilkesiella feeds on the endemic
aster Argyroxiphium grayanum ( Hillebr.) O.
Deg., and all sampled species that feed on
asters were placed in Clade A. Philodoria pipturicola feeds on plant species in the Hawaiian
nettle genus Pipturus Wedd. ( Urticaceae),
which is host to seven Philodoria species across
the Hawaiian Islands. All Philodoria species
that mine leaves of Pipturus are currently
placed within the subgenus Philodoria (Zimmerman 1978). We postulate that the six other
Pipturus miners, which were not sampled in
this study, are probably incorrectly classified,
because they share similarities in morphology
and host plant preference with the Pipturus
miner included in our analyses. Following
this pattern, it is likely that the Philodoria
species that mine other Hawaiian plant genera within Urticaceae ( Neraudia Gaudich.,
Touchardia Gaudich., and Urera Gaudich.) are
also incorrectly classified. Currently, Zimmerman’s (1978) classification hypothetically
places Philodoria species that feed on these
three plant genera in Clade A. Future phy
logenetic studies should include additional
Philodoria species to comprehensively elucidate evolutionary patterns of host plant shifts.
The phylogeny reported here suggests that
the morphological characters used to classify
the Philodoria subgenera may be homoplasious. These data suggest that the reduction
of the maxillary palps is not a reliable char
acter for the subgenus Philodoria (Philodoria)
or that the interpretation of these characters
was otherwise flawed [i.e., Zimmerman (1978)
based his classification on a compound character or an inadequately defined continuous
character]. The two main clades A and B
(Figure 2) recovered in these analyses are well
supported and could be treated as revised subgenera. However, there are no reliable morphological characters or hypothesized synapomorphies to separate Zimmerman’s (1978)
subgenera for identification purposes and no
obvious ecological differences that define the
two main clades in our study. Therefore, the
subgeneric rank is here removed. Philodoria
Walsingham, 1907 is the oldest name, and the
genus-group name Eophilodoria is here placed
in synonymy with it (Eophilodoria Zimmerman, 1978, n. syn.). Results from the study

Figure 2. Majority rule consensus tree from BI analyses of Philodoria. Host plant, collection locality, and subgeneric
classification are also displayed. Support values indicate bootstrap values for P, followed by bootstraps for ML, and
the posterior probabilities from BI, pertaining to the adjacent node. Our results support the division of Philodoria into
two clades (referred to as “Clade A” and “Clade B”) but differ from the morphology-based classification proposed by
Zimmerman (1978).
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reported here confirm our poor understanding of Philodoria and demonstrate the need for
a closer look at the phylogenetic relationships, current distributions, and conservation
status of these species.
Philodoria: Implications for Ecology and
Conservation
We present new host plant and distribution
data that have implications for the ecology
and conservation of Philodoria. Two species
that mine Myrsine L. (Ericales: Primulaceae)
were collected in this study. Philodoria succedanea (CJ-144) was reared from Myrsine lessertiana (a previously unrecorded host plant
species for this moth species) near the moth’s
type locality on East Maui ( Table 1). On
West Maui, P. auromagnifica (CJ-064 and CJ072) was reared from leaves of M. sandwicensis
and M. lessertiana. Although these specimens
very closely resemble P. auromagnifica, a Myrsine miner known from O‘ahu, Moloka‘i, and
Hawai‘i Island ( Table 1), they differ subtly in
wing pattern and may represent an undescribed species. Zimmerman (1978) hypothesized that there might be numerous undescribed species of Philodoria on Myrsine. In
addition, some Philodoria specimens dissected
by Zimmerman and housed at usnm include
label details that indicate he believed they
represent new species collected from Myrsine.
There are no Myrsine-feeding Philodoria recorded from Kaua‘i, suggesting that there is
a gap in host plant sampling on that island,
especially considering that Kaua‘i is home to
eight described Philodoria species and at least
10 Myrsine species ( Wagner et al. 1990), three
of which are endangered ( U.S. Fish and Wildlife Service 2015). Future efforts to collect
Philodoria on Kaua‘i should focus on Myrsine
species.
Eight Philodoria species feed on Asteraceae,
and nearly all of these aster feeders are recorded to mine only one host plant genus
(Zimmerman 1978). The exception to this
pattern is P. marginestrigata (included in this
study), which is recorded to mine plants in
Asteraceae and Malvaceae. The association of
this moth species with Asteraceae, however,
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remains dubious, and it is likely that early
observations of an aster host plant for P.

marginestrigata were incorrect (Zimmerman
1978).
The remaining aster-feeding Philodoria species are all single-island endemics, and many
are restricted to one volcano within each
island. Of the aster-feeding Philodoria spe
cies included in our study, P. dubauticola,
P. naenaeiella, and P. wilkesiella are singlevolcanoendemics. The high level of endemism and the diverse, yet host-specific nature
of Philodoria suggests that additional undescribed Philodoria species could be mining
many Hawaiian asters.
The well-known Hawaiian silversword alliance includes approximately 50 aster taxa in
three genera: Argyroxiphium, Dubautia, and
Wilkesia A. Gray. The true silverswords and
greenswords, Argyroxiphium, are some of the
most highly protected Hawaiian plants and
include four extant and one extinct species
( Wagner et al. 1999); A. grayanum is the host
of P. wilkesiella (Swezey 1940). Although it is
possible that the other Argyroxiphium species
may serve as hosts for Philodoria, A. grayanum
is the only extant member of this genus that
has glabrous leaves. It remains to be seen
whether the other Argyroxiphium species,
which have dense pubescence on the leaf
surfaces, are mined by Philodoria.
The Hawaiian endemic plant genus Dubautia contains approximately 23 endemic species
(Carr 1985). Only three species (Kaua‘i’s endangered D. latifolia and the widespread species D. laxa and D. plantaginea) are known to
serve as Philodoria hosts (Zimmerman 1978).
We predict that our knowledge of Philodoria
species that feed on Dubautia has been limited
by inadequate sampling of rare plant species
in this genus. In the same way, the Kaua‘i
endemic greensword genus Wilkesia could

feasibly harbor an undescribed Philodoria species that has been overlooked by field surveys.
Indeed, recent field observations have noted
signs of internal feeding on leaves of Wilkesia
gymnoxiphium ( N. Tangalin, pers. comm.);
however, it has not yet been confirmed
whether this damage is caused by Philodoria. A
closer examination of Argyroxiphium, Dubau-
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tia, and Wilkesia, and local populations on
different islands, may yield additional new

Philodoria species.
There are several Hawaiian aster genera
that are not part of the silversword alliance
that are absent from the Philodoria host plant
record or have surprisingly few Philodoria species known to feed on them. For example,
Bidens L. and Tetramolopium Nees are diverse
Hawaiian aster radiations that lack Philodoria
feeding records. The closely related genera
Melanthera Rohr and Lipochaeta DC., which
together comprise 16 widely distributed endemic Hawaiian plant species, have yielded
only two Philodoria feeding records (P. lipochaetaella and P. sciallactis). Many Melanthera
and Lipochaeta species are known from lowland Hawaiian ecosystems, and nearly half of
these species have become alarmingly rare
(Chau, unpubl. data). Philodoria sciallactis
mines leaves of M. integrifolia only at Ka‘ena
Point on O‘ahu (Zimmerman 1978). Ka‘ena
Point is now a protected area and contains
some of the only remaining intact coastal ecosystem where M. integrifolia exists naturally
on O‘ahu (Department of Land and Natural
Resources, State of Hawai‘i 2009). Based on
surveys conducted during this study and collection localities listed in Swezey (1954) and
Zimmerman (1978), it is likely that P. sciallactis persists only within the small confines of
this conservation land. With such a narrow
geographic and host plant range, the monophagous P. sciallactis is perhaps the most
threatened species in the genus and may
require immediate and urgent conservation
prioritization.
Another aster genus that is likely to harbor
Philodoria is Hesperomannia A. Gray, one of
Hawai‘i’s most critically endangered plant
genera. This plant genus comprises four
species, all of which are federally listed as

endangered (Morden and Harbin 2013, U.S.
Fish and Wildlife Service 2015). Swezey
(1940) noted that he reared a moth similar to
P. naenaeiella (CJ-142, Clade A, Figure 2)
from H. swezeyi on Oah‘u, but he did not formally list this plant species as a host in his
later synthesis of Hawaiian insect-plant relationships (Swezey 1954). Upon examination

of Swezey’s P. naenaeiella samples, Zimmerman (1978) emphasized that Hesperomannia
requires further investigation as a host plant
of Philodoria. A recent study of dried Hawaiian Hesperomannia leaves from the Bernice
P. Bishop Museum Herbarium revealed that
H. arborescens leaves collected on Läna‘i in
1929 were mined by an unknown Philodoria
species (  Johns et al. 2014). The population
of Hesperomannia on Läna‘i, however, is ex
tirpated ( Wagner et al. 1990, Morden and
Harbin 2013). It is unclear whether additional
Hesperomannia species serve as host plants
of Philodoria, but recent field observations
revealed signs of endophytophagous insect

feeding on Kaua‘i’s H. lydgatei and Maui’s
H. arborescens ( N. Tangalin, pers. comm.;
K. M. Bustamente, pers. comm.).
Surveys of other endangered Hawaiian
plants also provide evidence for Philodoria
host plant associations. Remya Hillebr. ex
Benth. is a genus of aster with three described
species, all of which are endangered ( U.S.
Fish and Wildlife Service 2015). Hibiscadelphus Rock (Malvales: Malvaceae) includes
eight species, six of which are extinct in the
wild and the other two are endangered (Oppenheimer et al. 2014, U.S. Fish and Wildlife
Service 2015). Herbarium leaves of Remya
mauiensis and Hibiscadelphus distans, both
belonging to plant families known to be

Philodoria hosts, show signs of insect damage
that resemble leaf mining (C.A.J., unpubl.
notes). Such evidence, even though preliminary, warrants immediate further investigation into the host range of Philodoria because
many of these plants are critically endangered.
Given the small body size of Philodoria, its
preference for a diversity of host plants, the
challenges of sampling from the typically
remote locations in which these plants are

found, and the evidence of larval mining
on rare plants, it seems likely that previous
sampling efforts may have failed to record
Philodoria species that occur on uncommon
plant species. Because 13 of the 21 plant genera mined by Philodoria contain threatened or
endangered species ( Table 3), it is important
that field surveys by research entomologists
be encouraged in Hawai‘i to further elucidate
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TABLE 3
Host Plant Genera Mined by Philodoria Moths and the Conservation Status of Their Members

Host Plant
Genus
Argyroxiphium
Dubautia
Hesperomannia
Lipochaeta a
Xanthium b
Clermontia
Abutilon
Hibiscus
Sida
Myoporum
Myrsine
Metrosideros
Pisonia
Pittosporum
Lysimachia
Neraudia
Pipturus
Touchardia
Urera

Host Plant
Family

No. of Native Taxa
in Plant Genus
Mined by Philodoria
(Zimmerman 1978)

No. of Native Taxa
for Given Plant
Genus ( No. of Native
Taxa Possibly Extinct)
( Wagner et al. 1999)

No. of Taxa in Host Plant
Genus Threatened or
Endangered in Hawai‘i ( U.S.
Fish and Wildlife Service 2015)

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Campanulaceae
Malvaceae
Malvaceae
Malvaceae
Scrophulariaceae
Primulaceae
Myrtaceae
Nyctaginaceae
Pittosporaceae
Primulaceae
Urticaceae
Urticaceae
Urticaceae
Urticaceae

1
3
1
2
1
1
2
3
4
1
1
1
1
1
2
1
1
1
2

6 (1)
37 (1)
4
16 (4)
1
31
4
13
1
2
19
13
5
11
14 (1)
6
4
1
2

3
9
4
7
0
8
3
4
0
0
5
0
0
3
8
3
0
0
1

  Including plant species currently assigned to Melanthera (see Chau, unpubl. data).
  Nonnative.

a
b

host ranges of Philodoria species (Medeiros
et al. 2013).
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