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Molecular phylogeny and systematics of leaf-mining flies
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Abstract. Phytomyza Fallén is the largest genus of leaf-mining flies (Agromyzidae), with over 530 described species. Species of the superficially similar
genus Chromatomyia Hardy have been included in Phytomyza by some authors
and the status of the genus remains uncertain. Using 3076 bp of DNA sequence
from three genes [cytochrome oxidase I (COI), CAD (rudimentary), phosphogluconate dehydrogenase (PGD)] and 113 exemplar species, we identified and tested
the monophyly of host-associated species groups in Phytomyza and Chromatomyia
and investigated the phylogenetic relationships among these groups. Chromatomyia is polyphyletic and nested largely within Phytomyza; two small groups of
species, however, are related more closely to Ptochomyza and Napomyza.
Therefore, we synonymize Chromatomyia syn.n., Ptochomyza syn.n., and Napomyza syn.n. with Phytomyza, recognizing Ptochomyza, Napomyza and Phytomyza
sensu stricto as subgenera of Phytomyza. We recognize five major clades within
Phytomyza sensu stricto that comprise the majority of species ascribed previously
to Chromatomyia and Phytomyza. Many species groups recognized previously
were recovered as monophyletic, or virtually so, but some (e.g. robustella and
atomaria groups) required emendation. On the basis of the proposed phylogeny
and recent taxonomic literature, we present a preliminary revision of 24 species
groups within Phytomyza, but leave many species unplaced. Evolution of internal
pupariation (within the host’s tissue), regarded as a defining character of the
former Chromatomyia, is discussed with regard to the new phylogeny, and we
suggest a correlation with stem or leaf midrib mining. The large size of the
Phytomyza lineage and an inferred pattern of host family-specific species
radiations make it a promising candidate for the study of macroevolutionary
patterns of host shift and diversification in phytophagous insects. The proposed
generic synonymies necessitate a number of new combinations. The following 46
species described in Chromatomyia are transferred to Phytomyza: P. actinidiae
(Sasakawa) comb.n., P. alopecuri (Griffiths) comb.n., P. arctagrostidis (Griffiths)
comb.n., P. beigerae (Griffiths) comb.n., P. blackstoniae (Spencer) comb.n.,
P. centaurii (Spencer) comb.n., P. chamaemetabola (Griffiths) comb.n., P. cinnae
(Griffiths) comb.n., P. compta (Spencer) comb.n., P. cygnicollina (Griffiths)
comb.n., P. doolittlei (Spencer) comb.n., P. elgonensis (Spencer) comb.n.,
P. eriodictyi (Spencer) comb.n., P. flavida (Spencer) comb.n., P. fricki (Griffiths)
comb.n., P. furcata (Griffiths) comb.n., P. griffithsiana (Beiger) comb.n.,
P. hoppiella (Spencer) comb.n., P. ixeridopsis (Griffiths) comb.n., P. kluanensis
(Griffiths) comb.n., P. leptargyreae (Griffiths) comb.n., P. linnaeae (Griffiths)
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comb.n., P. luzulivora (Spencer) comb.n., P. mimuli (Spencer) comb.n., P. mitchelli
(Spencer) comb.n., P. montella (Spencer) comb.n., P. nigrilineata (Griffiths)
comb.n., P. nigrissima (Spencer) comb.n., P. orbitella (Spencer) comb.n., P. paraciliata (Godfray) comb.n., P. poae (Griffiths) comb.n., P. pseudomilii (Griffiths)
comb.n., P. qinghaiensis (Gu) comb.n., P. rhaetica (Griffiths) comb.n., P. scabiosella
(Beiger) comb.n., P. seneciophila (Spencer) comb.n., P. shepherdiana (Griffiths)
comb.n., P. spenceriana (Griffiths) comb.n., P. styriaca (Griffiths) comb.n.,
P. subnigra (Spencer) comb.n., P. suikazurae (Sasakawa) comb.n., P. symphoricarpi
(Griffiths) comb.n., P. syngenesiae (Hardy) comb.n., P. thermarum (Griffiths)
comb.n., P. torrentium (Griffiths) comb.n. and P. tschirnhausi (Griffiths) comb.n.
Furthermore, we transfer all species of Napomyza to Phytomyza, resulting in the
following new combinations: P. achilleanella (Tschirnhaus) comb.n., P. acutiventris
(Zlobin) comb.n., P. angulata (Zlobin) comb.n., P. arcticola (Spencer) comb.n.,
P. bellidis (Griffiths) comb.n., P. carotae (Spencer) comb.n., P. cichorii (Spencer)
comb.n., P. curvipes (Zlobin) comb.n., P. dubia (Zlobin) comb.n., P. filipenduliphila
(Zlobin) comb.n., P. flavivertex (Zlobin) comb.n., P. flavohumeralis (Zlobin)
comb.n., P. genualis (Zlobin) comb.n., P. grandella (Spencer) comb.n., P. humeralis
(Zlobin) comb.n., P. immanis (Spencer) comb.n., P. immerita (Spencer) comb.n.,
P. inquilina (Kock) comb.n., P. kandybinae (Zlobin) comb.n., P. lacustris (Zlobin)
comb.n., P. laterella (Zlobin) comb.n., P. manni (Spencer) comb.n., P. maritima
(Tschirnhaus) comb.n., P. merita (Zlobin) comb.n., P. mimula (Spencer) comb.n.,
P. minuta (Spencer) comb.n., P. montanoides (Spencer) comb.n., P. neglecta
(Zlobin) comb.n., P. nigriceps (van der Wulp) comb.n., P. nugax (Spencer) comb.n.,
P. pallens (Spencer) comb.n., P. paratripolii (Chen & Wang) comb.n., P. plumea
(Spencer) comb.n., P. plumigera (Zlobin) comb.n., P. prima (Zlobin) comb.n.,
P. pubescens (Zlobin) comb.n., P. schusteri (Spencer) comb.n., P. scrophulariae
(Spencer) comb.n., P. suda (Spencer) comb.n., P. tanaitica (Zlobin) comb.n.,
P. tenuifrons (Zlobin) comb.n., P. vivida (Spencer) comb.n., P. xizangensis (Chen
& Wang) comb.n. and P. zimini (Zlobin) comb.n. Phytomyza asparagi (Hering)
comb.n. and P. asparagivora (Spencer) comb.n. are transferred from Ptochomyza.
In Phytomyza ten new names are proposed for secondary homonyms created by
generic synonymy: P. echo Winkler nom.n. for P. manni Spencer, 1986;
P. californiensis Winkler nom.n. for C. montana Spencer, 1981; P. griffithsella
Winkler nom.n. for C. griffithsi Spencer, 1986; P. vockerothi Winkler nom.n. for C.
nigrella Spencer, 1986; P. kerzhneri Winkler nom.n. for N. nigricoxa Zlobin, 1993;
P. asteroides Winkler nom.n. for N. tripolii Spencer, 1966; P. minimoides Winkler
nom.n. for N. minima Zlobin, 1994; P. nana Winkler nom.n. for N. minutissima
Zlobin, 1994; P. ussuriensis Winkler nom.n. for N. mimica Zlobin, 1994 and
P. zlobini Winkler nom.n. for N. hirta Zlobin, 1994.

Introduction
Leaf-mining flies (Agromyzidae) comprise a species-rich
family of internally feeding phytophagous insects, with over
2800 described species, feeding on hosts in over 140 plant
families (Spencer, 1990; Benavent-Corai et al., 2005;
Scheffer et al., 2007). Most species for which the biology is
Correspondence: Isaac S. Winkler, Department of Entomology,
North Carolina State University, Raleigh, NC 27695-7613, U.S.A.
E-mail: iswinkle@ncsu.edu

known are highly host specific and mine leaves of herbaceous angiosperms. Host use in agromyzids, however, is
remarkably varied, with some species feeding in stems, seeds
and roots and even in twig galls and cambium of sapling
trees. At least ten species are widely polyphagous crop pests
(Spencer, 1973, 1990). The largest agromyzid genus, Phytomyza Fallén, includes over 530 described species as currently
delimited (Spencer, 1990; Zlobin, 1994b). Host use in
Phytomyza, together with the closely related Chromatomyia
Hardy (>110 spp.), Napomyza Westwood (>50 spp.) and
Ptochomyza Hering (four spp.), spans much of the variation
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observed for the family; hosts of non-polyphagous species
include plants belonging to over 40 families (Spencer, 1990)
and four major angiosperm clades (rosids, asterids, ranunculids and monocots). Most species are highly specialized
and feed on one or a few closely related plant species. Two
striking exceptions are the related, notorious, crop pests
Chromatomyia horticola (Goureau) and C. syngenesiae
Hardy, the latter exhibiting the broadest host range of any
agromyzid species (Spencer, 1990). Some additional species
have been recorded occasionally as serious pests on food or
ornamental crops, e.g. P. gymnostoma Loew on leek, P. ilicis
Curtis and P. ilicicola Loew on hollies, P. rufipes Meigen on
Brassica spp., C. fuscula (Zetterstedt) on cereals and
N. carotae Spencer on carrot (Spencer, 1973, 1990; Dempewolf, 2004).
Distinct species groups have been identified in Phytomyza
(Spencer, 1990), presumably representing colonization of,
and evolutionary radiation onto, specific plant groups. The
complexity and large size of Phytomyza render its internal
classification unsatisfactory and incomplete, and the status
of Chromatomyia and other genera in relationship to
Phytomyza remains uncertain.
Herbivorous insects provide some spectacular cases of
adaptive radiation, and comprise collectively over onequarter of macroscopic biodiversity (Strong et al., 1984;
Mitter et al., 1988). Our understanding of the link between
host-use evolution and patterns of speciation in phytophagous insects is far from complete, despite several decades of
concerted work (Berlocher & Feder, 2002; Winkler &
Mitter, 2008). As Phytomyza is a species-rich group, with
diverse and relatively well-known host associations, it is
a good candidate clade in which to study adaptive radiation.
Understanding the pattern of evolution in this genus
requires a knowledge of phylogenetic relationships, which
is largely lacking for Phytomyza.
The aim of this study was to identify and test the monophyly of host-associated species groups in Phytomyza and
the closely related genus Chromatomyia and to investigate
phylogenetic relationships between these groups. To this
end, we present a phylogenetic analysis of one mitochondrial and two nuclear gene regions [cytochrome oxidase I
(COI), CAD (rudimentary), phosphogluconate dehydrogenase (PGD)] totalling 3076 bp, sequenced in 113 species,
including nearly all previously recognized species groups of
Phytomyza and Chromatomyia, plus four other related
genera. On the basis of these results, we test the monophyly
of both Phytomyza and Chromatomyia with respect to each
other and to related genera, and revise the species group
classification of Phytomyza insofar as these data permit.

Taxonomic history and previous hypotheses
The genus Phytomyza sensu lato (including Chromatomyia, which cannot be distinguished from Phytomyza based
on external characters) has long been recognized as distinct
from other Agromyzidae, and in fact was considered
originally as a separate group (‘Phytomyzides’; Fallén,

1823). Phytomyza is distinguishable from most other Agromyzidae by a combination of the following morphological
characters: (i) fronto-orbital setae proclinate, (ii) costa
extending only to vein R4þ5, and (iii) crossvein dm-cu
usually absent (Spencer & Steyskal, 1986; Spencer, 1987).
In addition, the medial (M) vein is usually much weaker
than branches of the radial (R) vein, adding to the distinctive appearance. However, some of these characters are
shared by species now placed in the genera Aulagromyza
Enderlein (¼Paraphytomyza Enderlein of earlier authors;
see Tschirnhaus, 1991) and Napomyza, as well as the small
genera Ptochomyza and Gymnophytomyza Hendel.
Dempewolf (2001) included these four genera, along with
Phytomyza and Chromatomyia, in his concept of a ‘Phytomyza group’ of genera based on a phylogenetic study
including most agromyzid genera and focusing on larval
characters, although no unambiguous synapomorphies were
found for this group. A recent molecular phylogenetic study
of the family (Scheffer et al., 2007) further confirmed the
monophyly of the Phytomyza group of genera. Many species
of these genera were included originally in Phytomyza, but
were separated later based on distinctive characteristics.
Napomyza, for example, was recognized variously as a separate genus (e.g. Malloch, 1913; Hendel, 1920) or as a subgenus of Phytomyza (Hendel, 1931–1936), distinguished by
retention of the dm-cu crossvein. Following Frick (1952),
subsequent workers have all considered Napomyza as
distinct, although a few (20) species possessing this crossvein are now recognized as otherwise typical Phytomyza and
Chromatomyia species (Nowakowski, 1962; Spencer,
1966a). Some uncertainty as to the generic limits of Napomyza was later introduced by Spencer (1976, 1990) and
Spencer & Steyskal (1986). Napomyza as currently delimited
is, however, morphologically and biologically a well-defined
group supported by a distinctive form of the male terminalia
(Zlobin, 1994b). The small, distinctive genera Gymnophytomyza (two spp.) and Ptochomyza (four spp.) are both
morphologically highly derived and, thus, relationships are
difficult to determine (Spencer, 1990; Zlobin, 1999; Dempewolf, 2001). In contrast, the genus Aulagromyza is more
heterogeneous and possibly polyphyletic (Spencer, 1990;
Dempewolf, 2001; Scheffer et al., 2007). Within the Phytomyza group of genera, both molecular and morphological
data support the monophyly of a clade consisting of
Phytomyza, Chromatomyia, Napomyza and Ptochomyza
(Dempewolf, 2001; Scheffer et al., 2007), although material
of Ptochomyza was unavailable for molecular analysis prior
to the current study.
The status of Chromatomyia has been notably uncertain.
Chromatomyia was erected originally for species of Phytomyza with characteristic ‘slipper-shaped’ puparia that are
retained in the leaf mine following eclosion of the adult flies
(Hardy, 1849); in contrast, mature larvae of most agromyzid
species vacate the mine, after which pupariation takes place
in the soil. It was recognized later (e.g. Griffiths, 1974a) that
retention of the puparium within the leaf mine is a common
feature of several possibly unrelated groups of Phytomyza.
Although Chromatomyia was treated as a subgenus of
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Phytomyza by Braschnikov (1897), this concept was overlooked or rejected by many authors (e.g. Collin, 1911; Frick,
1952; Hendel, 1931–1936), until revived subsequently by
Griffiths (1974a). Griffiths characterized the genus further
as possessing apomorphic male terminalia, with the distiphallus reduced and lying below a dorsal lobe or sclerite
(Griffiths, 1974a, fig. 14). This definition excluded one
species (P. ilicis Curtis), placed originally in Chromatomyia,
that is presumably unrelated to the other species. Subsequently, Spencer and others expanded the limits of
Chromatomyia to include species that do not correspond
entirely with other Chromatomyia, either in mode of pupariation or in the structure of the male terminalia (Spencer,
1981, 1990; Godfray, 1985; Spencer & Steyskal, 1986).
Accordingly, Spencer (1990) suggested that the generic
limits of Chromatomyia are not clear and require further
study. As adult Chromatomyia are indistinguishable externally from Phytomyza (Spencer & Steyskal, 1986), some
recent faunal lists (e.g. Papp, 1984; Martinez, 2004) have not
recognized Chromatomyia. Griffiths (1974a) suggested that
Chromatomyia could be considered optionally a subgenus of
Phytomyza to avoid breaking up the latter. Dempewolf
(2001; see also Dempewolf, 2005), in his morphological
analysis focusing on larval characters, did recover a monophyletic Chromatomyia, supported by one larval and one
pupal character. However, his data did not support the
monophyly of Phytomyza, or resolve the relationships
among Phytomyza, Chromatomyia, Napomyza and Ptochomyza. Recent molecular evidence (Scheffer et al., 2007)
suggests that neither Phytomyza nor Chromatomyia alone
is monophyletic, but that these together form a monophyletic unit (excluding C. scolopendri (Goureau)). Both studies,
however, included a very limited sample of species of
Phytomyza and Chromatomyia; we seek to provide a more
robust test of monophyly for both genera.
More than a dozen species groups have been recognized in
Phytomyza (see Table 1), each consisting of species with
similar morphology of the male terminalia and feeding on
related host plants (usually in the same family; Spencer,
1990). We have catalogued and attempted to test the
monophyly of as many such proposals as possible. References to some species groups can be found scattered in
earlier taxonomic literature (e.g. Hendel, 1927), based on
host plant data and external morphology or coloration.
However, some of these group names were never formalized,
and their circumscription has been somewhat fluid. Some
early groupings have been corroborated since, but unrelated
species were also sometimes grouped (or even considered as
conspecific!) until morphology of the terminalia was widely
examined and natural groupings further explored (e.g.
Nowakowski, 1959, 1962; Griffiths, 1964, 1972b, 1973;
Spencer, 1976; Zlobin, 1994b, 1997). Species groups of
Phytomyza were individually discussed by Spencer (1990)
in the context of host plant association; this is the main
source used to identify presumptive species groups for this
study. A few additional groups of species, not recognized
explicitly by Spencer, can be identified by perusal of
illustrations of male terminalia and host plant data from
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Table 1. Number of parsimony-informative sites and average
pairwise distances for the three gene partitions used in this study.

Total base pairs
Parsimony-informative
sites (pos. 3 only)
Average pairwise
distance (p) – pos. 1 þ 2
Average pairwise
distance (p) – pos. 3

COI

CAD

PGD

1446
574 (434)

1212
637 (387)

418
204 (131)

0.035

0.067

0.050

0.278

0.340

0.315

COI, cytochrome oxidase I; CAD, rudimentary; PGD, phosphogluconate
dehydrogenase.

some of his comprehensive works (e.g. Spencer & Steyskal,
1986; Spencer, 1990). Species groups (‘superspecies’) have
been proposed in Chromatomyia as well [summarized by
Griffiths (1980)], each composed of closely related species
feeding on plants in a single family (e.g. Griffiths, 1967,
1972a, 1974a, 1976a, b, 1980; Spencer, 1990).
Although the aforementioned groups account for a large
majority of the species, many Phytomyza species (at least 100)
for which male terminalia have been examined appear not to
fit into any of the named species groups. Illustrations of the
male terminalia are unavailable for approximately another
50, precluding definitive assignment to a species group.
Approximately half the species groups and the majority of
species of Phytomyza, as well as several groups of Chromatomyia, feed on plants included in the group ‘asterids’ (sensu
Angiosperm Phylogeny Group, 2003; hereafter APGII),
including Orobanchaceae and Plantaginaceae (sensu Olmstead et al., 2001), Lamiaceae, Boraginaceae, Apiaceae,
Aquifoliaceae and especially Asteraceae (Spencer, 1990;
see also Fig. 2 and Appendix 1). Most of the remaining
species and species groups feed on hosts in the family
Ranunculaceae, which belongs to the oldest lineage of the
‘eudicot’ clade of angiosperms (APGII, 2003). The Ranunculaceae feeders appear more morphologically heterogeneous than asterid feeders, although some distinct groups
are recognized. It is tempting to suppose, as did Spencer
(1990), that this pattern reflects an ancestral host association
with the Ranunculaceae, followed by later radiations on
more recently evolved asterid plants.

Methods
Taxon sampling
Through our own collecting and contributions from
colleagues, we obtained material for sequencing from 102
species of Phytomyza and Chromatomyia, mostly from
North America and Europe, representing nearly all putative
species groups and host plant family associations (Supporting Information, ST1). Specimens were obtained mainly as
adults by sweep netting, but many were collected as larvae
or puparia from host plants and reared. Some immature
specimens were sequenced when rearing was unsuccessful or
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impractical. All species groups of Phytomyza discussed in
Spencer (1990) and other recent literature were represented,
except for the buhriana group, comprising three species in
the Palearctic and Oriental Regions (Zlobin, 2002). The
latter group feeds on Ranunculaceae and is thought to be
related to the holarctic hendeli group. Species not belonging
to named species groups, possibly representing distinct
lineages, were included whenever possible, but material
was unavailable for many of these. Of our ingroup species
sample, 33 species are unplaced to species group, representing approximately one-third of these morphologically isolated species. For Chromatomyia, all of Griffiths’ (1980)
‘superspecies’ were represented, with the exception of the
erigontophaga and opacella superspecies (the latter closely
related to the milii superspecies). Several species added
subsequently to Chromatomyia were represented. Species
of Napomyza (four spp.), Ptochomyza (one sp.), Aulagromyza (five spp.) and Gymnophytomyza (one sp.) were
included; the latter two genera were used as outgroups in
all analyses. Twenty-six of the species, including all sampled
Napomyza, Aulagromyza and Gymnophytomyza species,
were included in the family-level analysis of Scheffer et al.
(2007), whereas the remaining specimens were obtained for
this study [except for the COI sequence of Phytomyza rufipes
reported by Scheffer & Winkler (2008)].

Extraction and sequencing
Procedures for DNA extraction, amplification and
sequencing largely followed Scheffer et al. (2007) and are
summarized below. Adult male specimens were used for
extraction in most cases, with the dissected terminalia
retained as vouchers after removal of the abdomen and
maceration in KOH solution. Preliminary identification
followed keys in Griffiths (1980), Spencer (1969, 1972,
1976) and Spencer & Steyskal (1986), with cleared terminalia
providing a final identification. Some specimens appeared to
represent undescribed species; unless these could be associated closely with a described species they were designated by
corresponding hosts or localities. In cases of extraction from
immature or female specimens, species identity was clear
from external characters, by features of the larval mine, or
the identity of the host plant, except for two possibly
undescribed Japanese species. Total nucleic acids were
extracted from single dissected specimens by grinding the
specimen in phosphate-buffered saline solution and following the insect protocol B of the DNeasy DNA extraction kit
(Qiagen Inc., Valencia, CA). For some specimens, extracted
most recently, detached abdomens were subjected to the
extraction procedure without grinding, allowing the intact
head and thorax, as well as the cleared terminalia, to be used
as vouchers. This did not appear to affect subsequent
amplification of nuclear or mitochondrial genes. This procedure was used for a few dry, pin-mounted specimens, with
times for incubation in the proteinase solution extended to
1–2 days at 558C, with mixed results. However, both nuclear
and mitochondrial genes were amplified successfully for five

taxa up to 15 years old. Vouchers will be deposited in the
National Museum of Natural History in Washington, DC.
Fragments from the mitochondrial COI gene and from
the nuclear genes CAD (rudimentary) and PGD were
amplified and sequenced using primers listed in Supporting
Information ST2. For COI, a fragment representing nearly
the entire coding region was amplified in one piece. CAD is
a large gene coding for three enzymes in the pyrimidine
synthesis pathway: carbamoylphosphate synthetase (CPS),
aspartate transcarbamylase (ATC), and dihydroorotase
(DHO) (Moulton & Wiegmann, 2004). Two non-contiguous
fragments of the CPS domain of CAD were amplified using
primers listed in Moulton & Wiegmann (2004). For the
second fragment [fragment four of Moulton & Wiegmann
(2004)], and for a few taxa for the first fragment, nested reamplification using internal primers was necessary. The first
fragment included a small intron; an internal sequencing
primer was used for most taxa that excluded this intron from
the final dataset. PGD was developed recently for phylogenetic use (Regier et al., 2008; as ‘40 fin’) and amplifies across
the Diptera (J.-W. Kim, personal communication). Primers
listed by Regier (2006) were used, along with additional
primers developed for this study (Supporting Information,
ST2). A small intron found in this gene was excluded
from the dataset by use of internal sequencing primers. A
touchdown amplification protocol was used to amplify each
gene, with initial denaturation at 928C for 2 min, followed
by two touchdown cycles from 58 to 468C (10 s at 928C, 10 s
at 58–468C, 2 min at 728C), 29 cycles of 10 s at 928C, 10 s at
458C, 2 min at 728C, and a final extension step for 10 min at
728C. For amplification of CAD, this protocol was modified
for some specimens to include five extra terminal cycles
prior to the final extension. Amplification products were
purified using the Qiaquick PCR purification kit (Qiagen
Inc.), after which sequencing reactions were carried out
using BigDye sequencing kits (Applied Biosystems, Foster
City, CA), and the products fractionated using an ABI-3130
automated sequencer (Applied Biosystems). Sequences were
assembled using SEQUENCHER software (GeneCodes, Ann
Arbor, MI) and aligned using CLUSTALX (Thompson et al.,
1994). Alignment of all genes was trivial except for a small
(30 bp) unalignable region in CAD, which was excluded
from the analysis. Alignments for individual genes were
concatenated into a single sequence alignment using WINCLADA (Nixon, 2002). Sequences have been deposited in the
GenBank database (accession numbers listed in Supporting
Information, ST1).

Phylogenetic analysis
Three approaches were used for phylogenetic inference
from the concatenated dataset. Maximum parsimony (MP)
analysis was conducted in PAUP version 4.0b10 (Swofford,
2001), using a heuristic search with 100 random addition
sequences and tree-bisection-reconnection (TBR) branch
swapping. Branch support was estimated with 500 bootstrap
replicates (20 random addition sequences each). Second,
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a maximum likelihood (ML) analysis was carried out using
GARLI version 0.951 (Zwickl, 2006) under the default settings,
except that genthreshfortopoterm was increased to 20 000 (this
parameter specifies the number of generations without significant topological improvement that will result in search
termination). The default settings include specification of
a general time reversible model with a gamma rate distribution and invariant sites (GTR þ I þ G). Eight separate GARLI
runs were performed, each yielding slightly differing results.
The tree of highest likelihood from these eight was then used
as a starting tree for TBR branch swapping in PAUP, in
a further search for an optimal tree. Bootstrap values were
calculated in a separate GARLI run with 500 replicates, with
genthreshfortopoterm set at the default value of 10 000.
Identical analyses (including bootstrap analyses) were performed for each gene partition separately, to gauge the level
of support provided by each. Third, an analysis using
Bayesian inference was performed using MRBAYES v. 3.1.2
(Ronquist & Huelsenbeck, 2003), with the data partitioned by
gene and modelled separately for each partition. The GTR þ
I þ G model was used for each gene partition, following
results obtained from the program MRMODELTEST 2.2 (Nylander, 2004), a modifed version of MODELTEST 3.6 (Posada &
Crandall, 1998). Two concurrent runs with four chains each
were continued for ten million generations and sampled every
100 generations, with the first 25% discarded as burn-in. All
trees were rooted with Aulagromyza (excepting A. tridentata)
and Gymnophytomyza, following the results of Dempewolf
(2001) and Scheffer et al. (2007).
As Chromatomyia proved to be non-monophyletic on all
resulting trees, we applied the definitions of Farris (1974) to
determine the form of non-monophyly of this genus (polyvs paraphyly) as circumscribed by Griffiths (1974a) and by
later authors. Farris invokes a two-state pseudo-character
denoting membership versus non-membership in the group
of interest, scored for each species on the tree. Under
Farris’s (1974) definition, the group is polyphyletic if, and
only if, under parsimony optimization of this ‘membership’
variable, multiple origins of membership from non-membership must be postulated on the tree. If membership is
inferred to arise only once, but to be lost in one or more
lineages, the group is deemed paraphyletic.

Results
The final alignment consisted of 3076 characters (COI: 1446
bp, CAD: 1211 bp, PGD: 418 bp), of which nearly half were
parsimony informative (see Table 1). Approximately twothirds of the informative characters were at third codon
positions. Overall pairwise distances (p) ranged from 1.9 to
21%. All three genes were similarly variable at third
positions, with COI slightly less variable, but the nuclear
genes were noticeably more variable at first and second
positions than COI (Table 1).
Parsimony analysis yielded three most-parsimonious trees
(length 16 853) resulting in a nearly completely resolved
strict consensus tree (Supporting Information, Fig. S1).
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Bootstrap values were generally high for nodes defining
species groups, and moderate to strong support was found
for some deeper nodes, but parsimony support values were
below 50% for many deeper nodes of the Phytomyza/
Chromatomyia radiation (Fig. 1). Further branch swapping
on the ML GARLI tree in PAUP failed to produce a higher
likelihood topology. Topologies resulting from the ML
(Figs 1, 2) and Bayesian analyses (not shown) were very
similar to each other, differing at only a few poorly
supported nodes. These were also similar to the parsimony
results, although the arrangement of several important
branches differed (marked on Fig. 1 with ‘NR’ below
individual branches). The most notable features of the MP
topology that differed from the ML tree were as follows: (i)
P. gymnostoma and A. tridentata appeared as sister taxa, (ii)
P. glabra and the minuscula group were likewise joined, (iii)
the nigra clade was rooted at C. syngenesiae, (iv) the albiceps
and spondylii groups were not monophyletic with respect to
each other, (v) the atomaria group was monophyletic with
the exception of P. crassiseta, and (vi) the agromyzina clade
was not recovered, with the rufipes group þ P. nr. bicolor
instead found as sister to the agromyzina group, and the
ilicis group as sister to a clade containing the albipennis,
agromyzina and aquilegiae clades, and associated species.
Both the Bayesian majority-rule consensus and MP strict
consensus trees showed lack of resolution in only one clade –
the agromyzina group (Fig. 1). Bootstrap support values for
species groups in the ML analysis were comparable to those
under parsimony, whereas some deeper nodes had markedly
higher support values under ML, and were in no case
strongly contradicted by parsimony, suggesting that likelihood does a somewhat better job overall at extracting
phylogenetic signal from these data. Bayesian posterior
probabilities were generally much higher than both likelihood and parsimony bootstrap percentages (BP). This
difference could reflect in part the effect of modelling genes
separately, but many recent studies suggest that the posterior probabilities produced by current Bayesian phylogenetic methods generally overestimate branch support (e.g.
Suzuki et al., 2002). Thus, we consider ML bootstrap values
to provide the best estimates of clade reliability in this study.
In the narrative below we distinguish among levels of
support using the following somewhat arbitrary conventions: BP of 70–79% ¼ moderate support; 80–89% ¼
moderately strong support; 90–100% ¼ strong support.
On no tree was Phytomyza plus Chromatomyia entirely
monophyletic. However, there was moderately strong support (87% ML BP; Fig. 1) for a clade consisting of all except
a few aberrant Phytomyza and Chromatomyia species. We
term this clade Phytomyza sensu stricto. The four species
that fell consistently outside Phytomyza sensu stricto were
P. gymnostoma, C. scolopendri, C. mimuli and C. nr.
castillejae. The latter three species were recovered consistently as part of a clade with Napomyza and Ptochomyza.
Phytomyza gymnostoma was recovered either as sister group
to Phytomyza sensu stricto plus A. tridentata (ML) or
comprising with A. tridentata the sister group to Phytomyza
sensu stricto (MP, Bayesian). Relationships among species
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outside of Phytomyza and Chromatomyia were identical to
those found by Scheffer et al. (2007), except for the position
of Gymnophytomyza. This similarity is unsurprising, as these
taxa were included by Scheffer et al. (2007) except Ptochomyza asparagi, found to be sister to Napomyza in this
analysis.
Within Phytomyza sensu stricto, P. glabra was found to
be sister to the remaining species in the ML phylogeny, with
a strongly supported trio of species related to P. minuscula
branching next. Most of the remaining species and species
groups of Phytomyza sensu stricto fall within one of five
major, well-supported clades (ML BP ¼ 83–100). These
clades, marked on Figs 1 and 2 using the names we propose
for them, are as follows: (i) the nigra clade, consisting of
members of the P. robustella group and Asteraceae-feeding
Chromatomyia, together with two Poaceae feeders and
P. spinaciae; (ii) the albiceps clade, including the angelicae,
albiceps and spondylii groups, as well as the hendeli group
and another small group including P. loewii; (iii) the
albipennis clade, consisting of the anemones, plantaginis,
atomaria, ranunculella and albipennis groups, plus P. jonaitisi and several undescribed North American species; (iv)
the agromyzina clade, containing the ilicis group and most
Chromatomyia species feeding on non-asteraceous host
plants, as well as P. agromyzina and P. ceanothi; (v) the
aquilegiae clade, containing the obscura and aquilegiae
species groups, as well as P. anemonantheae and a cluster
of previously unplaced species allied to the aquilegiae group.
Clades two to five, along with the notata and petoei groups
and the remaining unplaced species of Phytomyza, form
a monophyletic group with moderately strong support (BP ¼
80, ML; Fig. 1). The unaffiliated species were scattered
throughout this lineage, with mostly low nodal support (see
Fig. 1). Relationships within the five major clades, reflecting
divergences within and among species groups (see below)
were well resolved, with 51 of the 69 total contained nodes
(74%) having greater than 80% ML bootstrap support.
Species belonging to Chromatomyia as defined by Griffiths (1974a), here termed Chromatomyia sensu stricto
(Supporting Information, ST1), always fell into two distantly related lineages, the syngenesiae and agromyzina
groups. Chromatomyia sensu stricto is inferred to be polyphyletic in the definition of Farris (1974) on the tree of
Fig. 1, even if that tree is trimmed to remove weakly
supported groupings. This reflects the fact that at least
two intervening nodes (subtending species assigned to
Phytomyza) between the subsets of Chromatomyia sensu
stricto have moderately strong support. Each subset considered by itself also fails the test of monophyly, because in
each case at least one species of Phytomyza that does not
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strictly meet the definition of Griffiths (1974a) is nested
within a cluster of Chromatomyia species: P. spinaciae in the
syngenesiae group, and P. agromyzina and P. ceanothi in the
agromyzina group, although for the first two species similarity to related Chromatomyia species is apparent in
hindsight.
Nearly all previously recognized species groups of Phytomyza were recovered as monophyletic in one or more
analyses, under the original definition or with slight emendation (Fig. 1), often with strong support. The ilicis,
angelicae, notata, aquilegiae and ranunculella groups were
corroborated strongly by all analyses. The spondylii and
obscura groups were monophyletic in the Bayesian and ML
analyses, although not under parsimony. Likewise, the large
albiceps group was monophyletic under ML (albeit with
weak support), but paraphyletic to the very similar spondylii
group under MP and Bayesian inference. An unusually long
branch leading to P. erigerophila seemed to contribute to
inconsistency in this region of the tree, as this taxon moved
significantly in exploratory analyses with fewer data. Phytomyza evanescens and P. marginalis, representing Zlobin’s
(1994b) albipennis and nigritula groups, respectively,
strongly clustered together, forming what we term the
albipennis group sensu lato. The plantaginis group, defined
by Zlobin (1997) to consist of P. penstemonis, P. plantaginis
and one species not sampled here, was monophyletic with
strong support if redefined to include P. crassiseta and an
undescribed species from Colorado. If P. crassiseta is
excluded, Zlobin’s atomaria group was monophyletic under
parsimony but paraphyletic under ML and Bayesian inference, in each case with weak support. Similarly, the robustella group was monophyletic under parsimony if
C. paraciliata Godfray was included, but paraphyletic under
ML and Bayesian inference, with weak support in each case.
ML bootstrap analysis with single gene partitions showed
that support for most species group and higher relationships
comes largely from CAD. These support values are shown in
Fig. 3 on a simplified phylogeny; values corresponding to
relationships within species groups are not shown. Many
nodes were poorly supported or not recovered with PGD
and/or COI, in some cases even when strongly supported by
CAD. Reduced performance of PGD compared with CAD
is expected, as this gene partition includes only about onethird as many base positions as the CAD partition. However, COI, with slightly more data than sequenced for CAD,
performed even more poorly than PGD. Of 28 nodes in
Fig. 3 for which PGD showed >50% bootstrap support,
PGD showed higher support than COI for 23 nodes.
Interestingly, CAD showed anomalously low support for
three nodes that were more strongly supported by PGD

Fig. 1. Maximum likelihood phylogeny of Phytomyza and Chromatomyia species and related genera from three genes, using GARLI v.0.951
(Zwickl, 2006). Maximum likelihood bootstrap values and Bayesian posterior probabilities are listed above branches, with maximum
parsimony bootstrap values below nodes. NR indicates that a given clade was not recovered in the maximum parsimony strict consensus or
Bayesian majority-rule consensus. Major clades (see text) are labelled within the tree; genus and species group names, as used in the taxonomic
literature (Spencer, 1990, and other references in text), are listed at the right.
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(and in one case by COI), including the syngenesiae,
angelicae and obscura groups. In the first case, the syngenesiae group was not even recovered as monophyletic with
CAD, despite moderately strong support (86%) with PGD.
Low support of the obscura group by CAD may be related
to our inability to obtain the sequence for one of the two
regions of CAD for P. ovalis. However, this cannot wholly
explain the discrepancy, as the sequence available for this
species from CAD was still nearly 300 bases greater than
that of PGD. Initial data exploration suggests that these
inconsistencies may be largely due to base compositional
bias. Third positions (but not first and second) of all
partitions were found to be significantly biased when tested
in PAUP* (Swofford, 2001), and this bias was most pronounced in CAD. In particular, members of the nigra clade
were found to exhibit a much higher GþC content at third
positions than other species: 57.7% in CAD, compared with
the mean of 32.5%. This trend was seen to a lesser extent in
PGD (51.3% vs 36.6%), but hardly at all in COI (11.5% vs
10.2%), probably due to an extreme AþT bias (typical of
insect mitochondrial genomes). For CAD this bias in the
nigra clade is least pronounced in the syngenesiae group, and
especially in C. syngenesiae, which is recovered as sister to
remaining members of the nigra clade in the CAD only ML
analysis (not shown).

Discussion
Delimitation of Phytomyza
Because our data strongly suggest that both Phytomyza
and Chromatomyia are non-monophyletic, reconsideration
of generic limits within the Phytomyza group of genera is
necessary. Most obviously, synonymization of Chromatomyia is appropriate given our results (discussed in more
detail below); however, this will not resolve the taxonomic
problem for those Chromatomyia species (referred to here as
the mimuli and scolopendri groups), which relate more
closely to Napomyza and Ptochomyza.
The previous diagnosis of Phytomyza/Chromatomyia
involved a combination of three adult characters (Spencer
& Steyskal, 1986): (i) costa ending at vein R4þ5, (ii) orbital
setulae proclinate, and (iii) crossvein dm-cu usually absent.
However, each of these character states occurs in other
Phytomyza group genera, and in other agromyzids as well.
Thus, a shortened costa is found in all genera of the
Phytomyza group plus independently in some other agromyzids; proclinate orbital setulae are found in Ptochomyza
and Napomyza, as well as some distantly related species of
Phytoliriomyza; and the dm-cu crossvein is absent in
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Ptochomyza, Gymnophytomyza, some Aulagromyza and
a few species of other genera.
Even combinations of these three characters are insufficient to distinguish Napomyza and Ptochomyza consistently
from Phytomyza. However, these two distinctive groups are
separable on the basis of other characters. As mentioned
below, several species and species groups have been transferred recently between Napomyza and Phytomyza. It has
long been recognized that characters of the male terminalia
are required to separate Napomyza from some otherwise
typical species of Phytomyza that possess a dm-cu crossvein,
such as P. davisii, P. aprilina and P. glechomae (Nowakowski,
1962; Spencer, 1966a). A new genus (Indonapomyza Singh
and Ipe) was erected to accommodate the incongruous
character combinations of one of these species (Singh &
Ipe, 1971), although the genus was not recognized subsequently (Sasakawa, 1977). As noted by Malloch (1913),
however, the position of the dm-cu crossvein is of importance in distinguishing Napomyza from these atypical
Phytomyza; in true Napomyza species this crossvein is in
line with the r-m crossvein, or nearly so, but it has a more
distal position in Phytomyza and other genera. Spencer
(1976) justified transfer of some Phytomyza species to
Napomyza on the basis of certain characters of the male
postabdomen, but the position of some of these taxa (P.
glabra, albipennis and ranuculella groups) firmly in Phytomyza sensu stricto in our analysis suggests that these
characters were interpreted incorrectly. Our results instead
corroborate Zlobin (1994b), who showed that most of these
characters are plesiomorphic for the Agromyzidae and thus
not indicative of generic relationships. Zlobin (1994b)
restricted Napomyza to species in which the distiphallus is
unpaired and consists of a dorsally sclerotized neck and
a funnel-shaped sclerite apically. [Members of the albipennis
group have a cylindrical apical sclerite that Spencer (1976)
considered homologous, but it is articulated by a ventrally
sclerotized neck. However, the neck of the distiphallus is
dorsal in our undescribed Phytomyza sp. ‘North Carolina’.]
Other characters of the male terminalia defining Napomyza
are listed by Zlobin (1994b): mesophallus strongly chitinized, paramesophalli and hypophallus always present,
medial lobe of hypophallus usually present, basiphallar
sclerites articulated with the upper margin of the phallophore, and epiphallus without lateral projections. True
Napomyza species are all stem, seed head and root feeders
on Asteraceae and a few other (non-ranunculaceous) plants.
The tiny Ptochomyza traditionally has been separated
from Phytomyza by the loss of one notopleural seta, but this
character actually applies to P. asparagi only, and is variable
even within this species (Süss, 2002; Dempewolf, 2004).
Furthermore, at least one additional Phytomyza species (the

Fig. 2. Phylogram of maximum likelihood phylogeny from Fig. 1. The host family for each species is listed at the right, where known. Major
clades (see text) are labelled, and species groups of Phytomyza sensu stricto, as recognized in this study, are labelled 1–22. Other subgenera and
species groups are labelled a–d at the top. Lineages that pupate internally in the host plant, either in leaf tissue or in other tissues, are labelled as
shown in the key at the lower right. The remaining taxa (where known) are all leaf miners that leave the mine to pupate in the soil.
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Fig. 3. Simplified phylogeny of Phytomyza and outgroups, based on the maximum likelihood phylogeny (Figs 1, 2), showing ML support
values (obtained in GARLI v.0.951; Zwickl, 2006) for each of the three individual gene partitions (above branches: CAD/phosphogluconate
dehydrogenase; below branches: cytochrome oxidase I). Species group names match those listed in Fig. 2 and Table 2. NR indicates that a clade
was not recovered by maximum likelihood for a given partition.

Californian P. minutissima Spencer) lacks the second notopleural seta (Spencer, 1981). Spencer (1966b, 1990: 403; see
also Spencer, 1973), in transferring additional species to this
genus, suggested that other characters may delimit Ptochomyza more adequately (larvae with three pores on each
posterior spiracular process, wing with R4þ5 vein curved
upward and extremely short, and male aedeagus reduced),
although these also may be susceptible to convergence due to
small size and the habit of mining within very narrow stems or
leaves. Given these characters and the general similarity of the
included species, monophyly of Ptochomyza seems probable;
however, inclusion of the enigmatic Ranunculaceae feeder

Ptochomyza mayeri, transferred here by Spencer (1990),
should be investigated further.
Although Napomyza and Ptochomyza species can be
separated from Phytomyza, separation of members of the
mimuli and scolopendri groups is more difficult, and will rely
on further morphological study. The aedeagus of mimuli
group species, like others placed in Chromatomyia, is highly
reduced and apomorphic. We were unable to examine male
terminalia of C. scolopendri, as our specimens were female.
Thus, precise diagnosis of a monophyletic Phytomyza based
on external adult characters is impractical currently. We feel
that generic definitions should, whenever possible, not only
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reflect well-supported phylogenetic results (monophyly),
but also be diagnosable on the basis of (preferably external)
morphological synapomorphies. Because morphological
characters are not known with which to define Phytomyza
exclusive of the mimuli and scolopendri groups, we propose
that the definition of Phytomyza be amended to include all
species presently placed in Phytomyza, Chromatomyia,
Napomyza and Ptochomyza. This newly delimited Phytomyza sensu lato can be diagnosed by the presence of
proclinate orbital setulae, in combination with abbreviation
of the costal vein at the R4þ5 vein. The one drawback to this
definition is that on our tree, the Aulagromyza populicola
group, represented by A. tridentata, is nested within Phytomyza as newly expanded, despite retaining reclinate orientation of the orbital setulae. However, support for the
earliest branchings is too weak to rule out the possibility
that A. tridentata is instead the sister group of Phytomyza
sensu lato, in which case our morphologically defined
Phytomyza sensu lato would be monophyletic. A morphologically definable Phytomzya concept being highly desirable, provisionally we exclude the A. populicola group from
Phytomyza sensu lato, until and unless further evidence
demonstrates non-monophyly.
Although our proposal would require some significant
nomenclatural change, it will provide a firm phylogenetic
foundation for the definition of this largest genus of Agromyzidae. We view this change as a further step towards
a stable phylogenetic generic classification of agromyzids
based on molecular and morphological characters, in the
same spirit as that of Nowakowski (1962), who improved
agromyzid classification substantially as the first to make
widespread use of characters of the male terminalia. Nonmonophyly is known or suspected for several other agromyzid genera, most notably Phytoliriomyza and Ophiomyia,
and we hope these taxa will be treated in future studies. The
implied synonymization of Chromatomyia, Napomyza and
Ptochomyza with Phytomyza is treated below in Appendix 1.
Current data do not permit a similarly robust subgeneric
classification within this newly expanded Phytomyza. However, a provisional classification is offered here based on our
phylogenetic results in hope that it may help reduce
nomenclatural confusion resulting from the above generic
synonymies. In view of their distinctive morphologies, we
recommend that Napomyza [as defined by Zlobin (1994b)]
and Ptochomyza be retained as subgenera of Phytomyza. We
further propose that a clade consisting of all species previously placed in Phytomyza and Chromatomyia, with the
exception of P. gymnostoma and the mimuli and scolopendri
groups, be designated as the subgenus Phytomyza
(¼Phytomyza sensu stricto). Our justification for this proposal is as follows: the branch subtending our proposed
Phytomyza sensu stricto (Fig. 1) is the only well-defended
node (BP ¼ 87%, ML) in our analysis that comes close to
including all species currently in Phytomzya and Chromatomyia. If warranted by future studies, Phytomyza sensu
stricto may be later divided into multiple subgenera,
although we do not feel that this is advisable with the
number of species left unplaced in the current study and the
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low to moderate support for some major clades of Phytomyza recovered here. If such a division is later undertaken,
the name Chromatomyia could be applicable to the agromyzina group, which contains the type species of Chromatomyia, or to a larger clade that contains it. Of the lineages
excluded from Phytomyza sensu stricto, P. gymnostoma
differs from other Phytomyza in some characters (mainly
of the male postabdomen), which led Spencer (1976) to
remove it to Napomyza. Although acknowledging these
plesiomorphic characters, Zlobin (1994b) returned P. gymnostoma to Phytomyza because it lacks synapomorphies of
his more precisely defined Napomyza. Although the habitus
of C. scolopendri is unusual for the Phytomyza group, more
like a typical Liriomyza, C. mimuli and relatives appear
externally in all respects to be typical Phytomyza species,
thus precluding a morphological diagnosis of Phytomyza
sensu stricto at this time. These lineages probably deserve
separate subgeneric status, but we prefer to await further
morphological study to allow more complete diagnosis.

Species groups, major clades and infra-generic classification
of Phytomyza
Our results show that previous concepts of species groups,
based on characters such as male terminalia and host plant
use, generally correspond at least approximately to clades
supported by molecular evidence, corroborating their utility
in summarizing the variation in this very large genus. To
maximize that utility we have attempted a preliminary
‘revision’ of species group classification in Phytomyza,
cataloguing the species group concepts known to us and,
where our evidence permits, critiquing and modifying their
definitions to increase their correspondence to phylogeny.
The revised classification, summarized in Table 2 (see also
Fig. 2), includes a number of groups noted by Spencer
(1990) or other authors, but first explicitly named by us. It
also includes several new groups first suggested by strong
support from our molecular results; with one exception, we
declined to recognize new groupings of species unless they
were supported by at least 80% BP.
Potential users of this classification will need to keep in
mind its provisional nature and incompleteness. The evidence on monophyly and composition of most groups still
rests partly or entirely on morphology. For example, the
opaca, anemones and spoliata groups were represented by
only one specimen each in our sample, and the knowtoniae
and buhriana groups not at all. We reiterate, moreover, that
over 100 species belong to no obvious species group based
on morphology, and over 50 more have yet to be examined
for the characters defining those groups.
Despite these shortcomings, nearly 75% of the species of
Phytomyza sensu stricto can now be placed in a named species
group (see Appendix 1). To further increase the utility of
infra-generic classification in Phytomyza, we have added the
more inclusive informal category of ‘major clades’. Our goals
in delimiting the five such clades we name were to erect
groups that: (i) were moderately to strongly supported (BP at
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Most feed in leaf midribs of Asteraceae,
often causing gall-like swellings
l.m. of Asteraceae, Poaceae; internal pupation
l.m. (mostly of Ranunculaceae)
l.m. of Ranunculaceae
l.m. of Apiaceae
l.m. of Apiaceae
l.m. of Asteraceae
l.m. of Lamiaceae
s.m. (known hosts: Urticaceae, Brassicaceae)
l.m. of Ranunculaceae
l.m. of Ranunculaceae; some internal
pupation
s.m. of Ranunculaceae
s.m. (some l.m.) of Ranunculaceae
s.m., s.f., l.m. (Orobanchaceae, Plantaginaceae, Ranunculaceae)
l.m. of Aquifoliaceae; internal pupation
l.m. of many herbs and shrubs; internal
pupation
l.m. of Ranunculaceae
l.m. of Boraginaceae, Lamiaceae

19

30

10
5
30
37

59
6
5

16
11

10
16

52

10
70

6
18

robustella

sygenesiae

hendeli
loewii
angelicae
spondylii

albiceps
petoei
rufipes

notata
anemones

albipennis
ranunculella

atomaria

ilicis
agromyzina

opaca
obscura

l.m., leaf miner; s.m., stem miner; s.f., seed feeder.

l.m. of several families of Lamiales
l.m. of several ferns
l.m. of Alliaceae

l.m. of Ranunculaceae
l.m. of Ranunculaceae
l.m. of Ranunculaceae

l.m. of Asteraceae, s.m. of Apiaceae
l.m. of Ranunculaceae
l.m. of Asteraceae; internal pupation

3
3
14

spoliata
minuscula
ciliata

aquilegiae
9
buhriana
3
knowltoniae
4
Excluded from Phytomyza sensu stricto
mimuli
5
scolopendri
4
gymnostoma
1

Biology

Minimum diversity

Group

grp.n.
grp.n.
No known relatives; placed in Napomyza
by Spencer (1976)

grp.n.; South African

Includes obscura, nepetae, symphyti subgroups

grp.n., most formerly in Chromatomyia

nigritula grp. of Zlobin optionally included
Mostly S. temperate; inclusion of Chilean
species uncertain
Includes plantaginis grp. of Zlobin þ Ranunculaceae-feeding cluster

Composition uncertain

Optionally included in albiceps grp.; includes obscurella subgroup
Spencer’s narrow circumscription retained

Formerly in Chromatomyia; circumscription wider than Griffiths
Added P. thalictrella
grp.n.; 2 spp. formerly in Chromatomyia

grp.n.
grp.n.
grp.n.; included by Griffiths in robustella
grp.; 3 spp. formerly in Chromatomyia

Notes

Spencer (1981)
Spencer (1990)
Zlobin (1994b)

Spencer (1990)
Zlobin (2002)
Spencer (1990)

Süss (1989)
Nowakowski (1959)

Kulp (1968), Scheffer & Wiegmann (2000)
Griffiths (1972a, 1974a, 1976a, 1980)

Zlobin (1997)

Zlobin (1994b)
Zlobin (1994b)

Spencer (1990)
Spencer (1990)

Spencer (1990)
Spencer (1990)
Scheffer & Winkler (2008)

Nowakowski (1962)
Spencer (1990)
Griffiths (1973)
Spencer (1990)

Griffiths (1967, 1974c, 1980)

Griffiths (1964)

Zlobin (1994b)
Spencer (1969)
Griffiths (1972b, 1974b)
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Table 2. Revised species groups of Phytomyza sensu stricto. Minimum diversities of described species were estimated from the taxonomic literature; a complete listing of species placed in
each can be found in Appendix 1. The primary reference for most groups is Spencer (1990); other sources are listed in the table. Some groups newly named here were identified, but not named
by Spencer (1990) or other authors. These groups are not comprehensive, as at least 170 described species are unplaced by this classification.
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least 80%), (ii) were non-overlapping, and (iii) collectively
encompassed as many species as possible, without creating
‘empty’ concepts encompassing a single species or species
group. Of the 33 previously ‘unaffiliated’ species included
in the present study, 17 are now placed in species groups,
and a further ten are placed at least to a major clade, and six
remain unaffiliated. In the remainder of this section we
present an annotated review of our classification/phylogeny
of Phytomyza sensu lato, following approximately the
order (top to bottom) in which the taxa occur on the trees
in Figs 1, 2.
Early branching lineages. Our results do answer the
question of early branching order within Phytomyza sensu
stricto. Phytomyza glabra was placed in our ML analysis as
sister to the remaining Phytomyza sensu stricto species. This
species possesses several aedeagal characters that set it apart
from most Phytomyza, and thus was placed by Spencer
(1976) in Napomyza. In returning it to Phytomyza, Zlobin
(1994b) noted that this species is quite similar to P. bupleuri
Hering and P. spoliata Strobl; we term this small group the
spoliata group. Phytomyza minuscula and two related species
branch next from the remaining Phytomyza. Spencer (1969,
1990) noted the relatedness of these species, plus P. thalictrivora Spencer, which we propose to name as the minuscula
group. Apart from noting their distinctiveness, Spencer
(1990) noted no particularly primitive characteristics of
P. minuscula or related species. However, Sasakawa (1961)
noted two characters of his ‘P. minuscula’ (¼our P. ‘Mongolia’) that he considered plesiomorphic with respect to
other Phytomyza: a ‘cruciate’ female ninth tergite (i.e. with
a medial transverse unscelerotized area; see Sasakawa, 1961,
fig. 133g), and an elongate ‘processus longus’ (hypandrial
lobe) in the male. It is not known if these characters apply to
the spoliata group or to taxa excluded here from Phytomyza
sensu stricto. The placement of these two groups as sister to
the remaining Phytomyza sensu stricto received only moderate support, and could possibly change with further data.
nigra clade. The nigra clade is one of the most strongly
supported groups in our analysis, and appeared with high
support in preliminary analyses, even with single genes
(Fig. 3). Nearly all members of this clade feed on Asteraceae
(except for several grass feeders) and form puparia internally in the mine. This clade includes one group of species
placed in Chromatomyia by Griffiths (1974a), all belonging
to a lineage we call the syngenesiae group [more widely
circumscribed than the syngenesiae group of Griffiths
(1967)]. Characters of this group are those defining Chromatomyia and are discussed further in the next section.
Possible inclusion of P. spinaciae in this group was predicted
by Spencer (1990), although its terminalia do not match
Griffith’s concept of Chromatomyia exactly, and previously
it was thought to be related to members of the ciliata group
(Godfray, 1985). Our definition of the robustella group
departs somewhat from previous authors. Phytomyza campestris and P. sp. ‘Petasites’ represent a cluster of leafmining species that, although added by Griffiths (1972b,
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1974b) to the robustella group, are instead grouped strongly
by our data with Chromatomyia paraciliata; we term this
cluster the ciliata group. The robustella group in its original
sense (Griffiths, 1964) is represented here by P. continua,
and consists of large, Napomyza-like species that mine leaf
midribs of asteraceous plants, usually forming gall-like
swellings (Spencer, 1990; Dempewolf, 2005). Our analyses
strongly ally Phytomyza nr. major and, by implication,
P. major and the very similar Palaearctic P. rufescens von
Roser, with P. continua. Therefore, we include these in the
robustella group, with which they agree in life history
[known from P. rufescens only, which Spencer (1990) also
listed in the robustella group] and postabdominal morphology despite their very different adult external appearance.
Relationships between the three groups of the nigra clade
are not well resolved, possibly due to base compositional
bias in this clade (see above).
albiceps clade. In the large albiceps clade, nearly all of the
140þ described species feed on Apiaceae or Asteraceae.
However, the inclusion of the hendeli and loewii groups at
the base of this clade suggests that there was an early shift
from Ranunuculaceae. Groupings in the albiceps clade have
a complex history. Parts of the clade were recognized quite
early based on host use and external morphology. For
example, Hendel (1927) included species from the angelicae,
albiceps and spondylii groups as defined here, as well as
P. aconiti, in his key to the ‘albiceps group’, although he
excluded species of the obscurella subgroup (not sampled
here), which, unlike others now placed in the spondylii
group, have a dark frons. Nowakowski (1962) largely
followed Hendel in delimiting his ‘albiceps complex’, but
divided it into Apiaceae- and Asteraceae-feeding groups,
and the former further into four subgroups, including
separate subgroups for species now placed in the spondylii
and angelicae groups. Griffiths (1972b) instead defined the
albiceps group as including species feeding on either Asteraceae or Apiaceae (including the obscurella subgroup)
having an apomorphic form of the male terminalia, with
rows of spines usually present on the basiphallar membrane.
The Apiaceae-feeding species that do not have this form of
the terminalia Griffiths (1973) placed in a separate angelicae
group. Spencer (1990) preferred to split Griffiths’ albiceps
group into an Asteraceae-feeding albiceps group and an
Apiaceae-feeding spondylii group. Spencer gave no justification beyond host affiliation, but his division, followed
tentatively here, is supported by our data, except that the
trio of species centred on P. cirsii is joined only weakly to the
rest of our albiceps group.
Our data place Spencer’s albiceps and spondylii groups as
sister taxa, with the angelicae group as sister to these. This
result is consistent with the observation that the terminalia
of Griffiths’ angelicae group appear relatively plesiomorphic, resembling those of several of the Ranunculaceaefeeding taxa (such as P. aconiti; Griffiths, 1973). Despite the
inclusion of one of a subgroup of Araliaceae-feeding species
(Iwasaki, 1996, 1997), terminalia of the species of the
angelicae group analysed here are quite homogeneous.
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Other species (e.g. P. pimpinellae Hendel, P. chaerophylliana
Hering) placed in the angelicae group by Spencer (1990) are
more derived, and were excluded by Nowakowski (1962)
from his angelicae subgroup; these should be included in
future studies before the limits of the angelicae group are
considered certain.
Inclusion of the hendeli and loewii groups in the albiceps
clade was unexpected, and corroborating morphological
characters have yet to be demonstrated. Candidate characters include shortening of the upper orbital bristle (found in
at least some members of all groups in this clade) and dorsal
deflection of the distal tubules of the aedeagus (not found in
most angelicae group species). Placement of the Nearctic
P. thalictrella in the hendeli group, strongly supported by
our data, is concordant with aedeagal morphology, and was
anticipated by Spencer (1981). In addition to the weakly
differentiated Ranunculaceae-feeding species, which form
the core of the hendeli group [¼‘rectae group’ of Nowakowski (1962)], morphological evidence allows assignment
to the hendeli group with varying degrees of confidence of
several species not analysed here feeding on other host
families (Spencer, 1990). These species include P. brischkei
Hendel (Fabaceae), P. sedicola Hering (Crassulaceae),
P. rubicola Sasakawa (Rosaceae; see Sasakawa & Matsumura, 1998), and possibly P. lappivora Hendel (Asteraceae).
Exclusion of P. nr. oxytropidis from the albiceps clade by
our data is somewhat enigmatic, as this species shares
derived postabdominal features with many albiceps/spondylii group members, including a strongly reduced distiphallus
and the presence of spines on the basiphallus. The hosts of
P. oxytropidis Sehgal, the related P. lupinivora Sehgal (both
not included in this study), and probably of the very similar
species (P. nr. oxytropidis) that we did include, are in
Fabaceae (Spencer, 1969; Sehgal, 1971). The position of
this latter species removed from the albiceps/spondylii
groups proably indicates an early, rather than recent, host
shift to the Fabaceae.
albipennis clade. In the strongly supported albipennis
clade, most species apart from the anemones group share
a strongly projecting frons, an unpaired distiphallus (probably due to reduction of the paired tubules of the distiphallus), and the habit of feeding in stems or seed heads. All three
characters are found in Napomyza species, leading Spencer
(1976, 1990) to move species in the albipennis and ranunculella groups to that genus, although these were transferred
back to Phytomyza by Zlobin (1994b). These traits, however, are not constant even within the albipennis clade. For
example, the plantaginis group, plus some members of the
ranunculella group, have reverted to leaf mining, while the
paired distal tubules of the aedeagus are reduced, but not
absent, in most species of the ranunculella group.
The atomaria group as characterized by Zlobin (1997) is
not monophyletic, as at least P. crassiseta is placed strongly
within the plantaginis group in which Zlobin (1997) only
included P. plantaginis, the closely related P. griffithsi
Spencer (not sampled here) and P. penstemonis. All of these
species (including P. crassiseta) are leaf miners on Planta-

ginaceae sensu Albach et al. (2005; including genera formerly in Scrophulariaceae) and differ in male terminalia
from typical members of the ‘atomaria group’, which are
seed and stem feeders mostly on Orobanchaceae (also
including genera formerly in Scrophulariaceae; Olmstead
et al., 2001). Based on this result, it seems probable that
most of the other leaf-mining species that Zlobin (1997)
placed in the atomaria group belong with the plantaginis
group, including, among taxa not analysed here, P. digitalis
Hering, P. veronicicola Hering, P. globulariae Hendel and
P. atomaria Zetterstedt itself, the last of which was reported
by Zlobin (1997) from Veronica [Veronica, Globularia and
Digitalis are all now included in Plantaginaceae (see Albach
et al., 2005)]. Even excluding P. crassiseta, Zlobin’s (1997)
‘atomaria’ group was not recovered as monophyletic (except
in the MP analysis), but consisted of two separate lineages.
It should be noted that although species here included in one
of the two atomaria group lineages (P. lupini þ two
undescribed species) are not known to feed on Orobanchaceae, it is probable, based on resemblance of the male
terminalia, that some species placed by Zlobin (1997) in
the atomaria group that feed on hosts in the Orobanchaceae
also belong in this lineage. Because Zlobin’s (1997) atomaria
group is not monophyletic, we propose to enlarge the
concept of the group to include the plantaginis group. This
necessitates the inclusion of P. jonaitisi and probably
a number of other related species feeding in the stems, leaf
stalks or seed pods of Ranunculaceae (Spencer, 1990;
Pakalniškis, 1998, 2004). Thus, we place the unsampled
species P. krygeri Hering, P. thalictri Escher-Kündig,
P. aquilegiophaga Spencer, P. murina Hendel and P. clematadi Watt tentatively in the atomaria group. It may be
preferable later to split this wide concept of the atomaria
group, as some natural groups are evident even within the
Orobanchaceae feeders (Gaimari et al., 2004), but this will
require additional species sampling and morphological study.
The inclusion of P. fallaciosa (anemones group) at the
base of the albipennis clade was surprising, as no such
relationship had been proposed previously. No obvious
morphological characters unite P. fallaciosa with the
remainder of this clade. However, P. kasi (¼P. latifrons
Spencer; see Henshaw & Howse, 1989), which branches off
second in this clade, may be a morphological intermediate.
Phytomyza kasi has distinctly sclerotized, paired tubules of
the distiphallus (see Spencer & Steyskal, 1986, fig. 1191), as
in P. fallaciosa and most other Phytomyza, but is externally
similar to many other species of the albipennis clade.
For reasons including the need to clarify species group
limits, the albipennis clade would obviously benefit from
further descriptive and life-history study, especially in North
America, as several species in the current study are undescribed and/or appear to represent distinctive lineages with
uncharacterized host associations. The stem-mining habits
of this clade make collection and rearing more difficult,
impeding the accumulation of taxonomic and life-history
data. Phytomyza species from temperate Chile and Argentina (Spencer, 1982), unavailable for this study, may be allied
to the ranunculella group. It is probable that yet more
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Ranunculaceae-feeding species not included in our sample
belong to the albipennis clade. For example, several species
known to feed on stems and seed heads of Anemone (e.g.
P. nigricoxa Hendel, P. soenderupiella Spencer, P. anemonivora Spencer) may be included here. The biogeography of
the albipennis clade, which includes many boreal/alpine
species as well as some south temperate elements, is also
worthy of further study.
Allied to the albipennis clade in our analyses, although
with weak support, is the notata group. Monophyly for this
group, which feeds on several genera of Ranunculaceae, is
supported by the highly apomorphic male aedeagus: the
basal portion has a distinctive shape, and the distiphallus in
some species is extremely elongate and coiled. The notata
group is marked by an unusually wide geographical distribution: it includes species in Australia, New Guinea and
Indonesia, southern Africa and the Canary Islands (Spencer, 1990), in addition to Palaearctic and Nearctic species
with distributions reaching north of the Arctic Circle
(Spencer, 1969, 1976).
Placed near the albipennis clade, but with even less
support, is a loosely associated pair of strongly supported
sister groups, one containing P. glechomae (petoei group)
and P. nr. nigrinervis, and the other containing P. flavicornis, P. rufipes and P. nr. bicolor. Members of the petoei
group are markedly similar to certain other Phytomyza
species, notably the opaca group, whereas P. flavicornis and
P. rufipes were considered by Spencer (1990) to be isolated,
possibly primitive species. This designation reflects their
distinctive morphology, but also their relatively large size
and their habit of mining the stems (P. flavicornis) or leaf
midribs (P. rufipes) of rosid hosts, both traits that Spencer
considered to be primitive in the Agromyzidae. These two
species (rufipes group) may be related to several similar
Nearctic species with unknown biology (see Scheffer &
Winkler, 2008), and possibly to P. alyssi Nowakowski
(Nowakowski, 1975) and P. aulagromyzina Pakalniškis
(Pakalniškis, 1994). Because of morphological similarity,
we tentatively place P. nr. nigrinervis in the petoei group,
and predict that its hosts may also be in the family
Lamiaceae. However, as there are no obvious similarities
between P. nr. bicolor and the related rufipes groups, we
decline to place P. nr. bicolor in a species group.
agromyzina clade. The monophyly of the agromyzina
clade (BP ¼ 83%, ML), consisting of the ilicis group (holly
leaf miners) plus the agromyzina group, is corroborated by
similarities in external, but not internal, morphology. The
agromyzina group contains the type species of Chromatomyia, P. periclymeni de Meijere [misidentified as P. obscurella Fallén, which was fixed as the type species by Coquillett
(1910)]. Species in these two groups were placed in the same
morphogroup in keys by Sasakawa (1961) and Spencer
(1972), on the basis of dark coloration of the head and
several other characters. These groups are nearly unique
within Phytomyza in feeding on woody plants; the hosts of
nearly all other Phytomyza are herbaceous. The inclusion of
P. agromyzina with typical Chromatomyia species, although
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not expected, is concordant with morphological characters,
but the inclusion of P. ceanothi is more surprising. Several
unsampled Japanese species representing further unique
host associations with woody plants also probably belong
to this clade. For example, membership in the agromyzina
group is apparent from the form of the terminalia of C.
actinidiae Sasakawa (feeding on Actinidiaceae; Sasakawa &
Matsumura, 1998), and Sasakawa (1956) predicted a close
relationship between P. hydrangeae Sasakawa (host in
Hydrangeaceae) and members of the agromyzina group.
Even within the relatively homogeneous holly leaf miner
(ilicis) group, some frequency of host shifts to unrelated
woody plant families is suggested by the discovery that
species feeding on Illiciaceae, Gelsemiaceae and Styracaceae
belong to this group (Sasakawa, 1961; Sasakawa, 1993;
Scheffer & Wiegmann, 2000).
The probable independent acquisition of Caprifoliaceae
mining in two Chromatomyia species included here in the
agromyzina group was anticipated by Griffiths (1974a,
1980), who placed C. aprilina outside of the periclymeni
superspecies that includes most Caprifoliaceae-mining congeners. Furthermore, Griffiths (1980) anticipated the separation of C. milii and related species (agromyzina group)
from other grass-feeding species (C. nigra and C. fuscula;
syngenesiae group), implying independent colonizations of
Poaceae. Griffiths’ (1980) hypotheses regarding the nearest
relatives to the Poaceae-feeding groups (luzulae superspecies
and Saxifragaceae feeders to the milii þ opacella superspecies, syngenesiae superspecies to the fuscula superspecies
and C. nigra) closely match our results.
aquilegiae clade. Monophyly of the aquilegiae clade is at
least consistent with morphological similarity, in that the
aedeagus typically has paired, elongate distal tubules and
a bulb-shaped mesophallus with well-developed lateral
sclerites (‘paramesophalli’), although this form is modified
in a few taxa. A similar form is found in the opaca group
(e.g. P. nr. calthivora; see Süss, 1989) and in P. aconiti, both
of which clustered with the aquilegiae clade. However, weak
support precludes confident assignment of these latter
species. Inclusion in the aquilegiae clade is even more
unclear for other, non-sequenced Ranunculaceae feeders
with a similar form of the terminalia, because this general
form, possibly plesiomorphic, is also found in groups found
here to be distantly related (e.g. the petoei, anemones, ilicis
and angelicae groups).
Delimitation and full resolution of relationships within
the aquilegiae clade will thus require increased gene and
taxon sampling, although two previously recognized lineages are supported by our data. Phytomyza nepetae,
P. ovalis and P. tetrasticha represent the small nepetae,
symphyti and obscura groups, respectively, which were
united by Nowakowski (1959) in the obscura group sensu
lato. These groups feed only on Lamiaceae and Boraginaceae, both belonging to the ‘Euasterids I’ clade (APGII,
2003). The aquilegiae group, as delimited by Spencer (1990),
includes at least eight species, all feeding on the closely
related genera Aquilegia and Thalictrum (Ranunculaceae).
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Although monophyletic, this group received only weak
support in our analyses, and the cluster of species affiliated
with the aquilegiae group deserves closer study to clarify
species groups and host-use evolution. The finding that
P. subaquilegiana and P. urbana feed on legumes (Lupinus;
S. J. Scheffer, unpublished data), like the similar P. subtilis
(Spencer, 1969), is surprising, but placement of these species
within an otherwise mainly Ranunculaceae-feeding lineage
is concordant with morphology. The remaining species
allied with the aquilegiae group lineage, P. nr. acteae and
P. davisii, are typical of a set of at least nine species that feed
on several genera of Ranunculaceae other than Aquilegia or
Thalictrum, and share a unique aedeagal form in which the
distiphallus exhibits long, tortuous tubules.
The isolated position of some species feeding on Ranunculaceae in our results suggests that these probably represent lineages distinct from other Ranunculaceae-feeding
species groups. The terminalia of some of these species
show marked resemblance, however, to those of species
groups feeding on other plant families. For example, the
petoei group on Lamiaceae (P. glechomae) and the opaca
group on Ranunculaceae have strikingly similar terminalia,
prompting Spencer (1990) to suggest a common origin.
Phytomyza aconiti likewise was suggested by Griffiths
(1973) to belong to the angelicae group on Apiaceae,
whereas the unique terminalia of P. trollii resemble most
closely those of some leaf miners of the Asteraceae-feeding
ciliata group (e.g. P. crepidis Spencer). Lastly, the terminalia
of the ilicis group (holly leaf miners) are much like those of
some of the aquilegiae clade of Ranunculaceae feeders. That
none of these suspected relationships was recovered in our
trees is thus somewhat surprising, for which one possible
explanation is that the similarities represent shared plesiomorphy. This postulate is consistent with Spencer’s (1990)
hypothesis of an early radiation on Ranunculaceae,
although neither phylogenetic error nor morphological
convergence can be ruled out at present. Further sampling
of Ranunculacae-feeding taxa, especially in the Palaearctic,
is desirable, as some distinct lineages were probably not
sampled in this study.

The status of Chromatomyia
Chromatomyia Hardy, as defined by Griffiths (1974a), is:
(i) nested within the main lineage of Phytomyza, (ii) paraphyletic with respect to some Phytomyza species, and (iii)
polyphyletic. Thus, it seems unwarranted to maintain this
genus name or concept, and we consider Chromatomyia to
be a synonym of Phytomyza. All species transferred to or
described in Chromatomyia (e.g. Griffiths, 1974a; Spencer &
Steyskal, 1986; Spencer & Martinez, 1987; Spencer, 1990)
should be moved to Phytomyza (see Appendix 1).
The polyphyly of Chromatomyia is somewhat unexpected,
and suggests remarkable convergences in life history and/or
morphology, particularly among species of the syngenesiae
and agromyzina groups formerly placed in Chromatomyia.
Specifically, these species were grouped together based

upon: (i) a derived form of the aedeagus (male intromittent
organ) with the sclerites of the distiphallus completely
reduced and a presumably newly derived set of dorsal
‘supporting sclerites’ present, and (ii) a slipper-shaped,
usually lightly sclerotized puparium that remains in the leaf
mine with spiracles protruding (Griffiths, 1974a; discussed
in the following section).
Griffiths (1972a, 1974a; following Tschirnhaus, 1969)
considered the dorsally projecting sclerites in Chromatomyia
to represent newly derived (and synapomorphic) ‘supporting sclerites’, and this character arguably represents the
strongest evidence for monophyly of Chromatomyia. However, our results suggest the possibility that these supporting
sclerites may not have evolved de novo, but are derived
independently from the distiphallus (and/or mesophallus) as
suggested originally by Griffiths (1967) and Steyskal (1969).
The clearest evidence for this is in the close relationships
between the syngenesiae group and the robustella and ciliata
groups. Members of these latter two groups have a bifid
distiphallus that is oriented dorsally and sometimes partially
reduced (e.g. P. wahlgreni Rydén; Spencer, 1990: figs 1011,
1012). The supporting sclerites in the agromyzina group may
also be derived from the distiphallus, as suggested by the
position of C. ramosa as the sister to the remaining species of
this group. This and other Dipsacaceae-feeding species have
aedeagal structures that show less reduction than other
members of the agromyzina group. Significantly, two of
these species [C. scabiosarum (de Meijere) and C. succisae
(Hering), not included here] appear to have a dorsally
positioned, bilobed (although partially reduced) distiphallus, complete with associated sclerites (‘paramesophalli’; see
Spencer, 1990: figs 919, 920). If the dorsal sclerites are, in
fact, derived from the distiphallus, the ejaculatory duct must
have become independently disassociated from the sclerites
of the distiphallus in these groups. However, the dorsal
sclerites in at least some species are still associated basally
with the ejaculatory duct [see C. erigontophaga Griffiths
(Griffiths, 1976b: figs 31–33) and C. periclymeni (Griffiths,
1974a: fig 14); the former species was singled out by
Griffiths as possibly important in interpreting the aedeagal
structure of Chromatomyia].
Admittedly, some problems remain with our interpretation of the dorsal sclerites. For example, the derivation of
the distal sclerotization of the ejaculatory duct in some
members of the syngenesiae group remains uncertain.
Tschirnhaus (1969) called this structure the distiphallus,
but Griffiths (1967, 1972a) instead surmised that it represents modification of the mesophallus, or a secondary
sclerotization. In addition, the position of the little-studied
P. ceanothi nested within the agromyzina group suggests
a possibly different intermediate aedeagal form: the distal
tubules of the phallus in this species are visible and posterodorsally directed, although weakly sclerotized and indistinct, and the ‘dorsal sclerites’ are lacking (see Spencer &
Steyskal, 1986: fig 565). The marked reduction of the
aedeagus in both the syngenesiae and agromyzina groups
makes interpretation of the remaining aedeagal sclerites
difficult, and more detailed work must be carried out to
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determine if there is corresponding morphological evidence
for the polyphyly of Chromatomyia.
It is possible that independent reduction of the male
distiphallus in the sygenesiae and agromyzina groups reflects
parallel shifts in life history or mating system. Griffiths
(1967) pointed out that reduction of the aedeagus in
Chromatomyia is accompanied in some groups by a reduction in the size of the male sperm pump and apodeme, and
possibly also by a reduction in the female spermathecal size
[recorded by Sasakawa (1961) for ‘P. atricornis Meigen’ and
C. nigra].
Our results show that taxa added to Chromatomyia by
subsequent authors are not closely related to either of the
two major groups of species included therein by Griffiths
(1974a). For instance, C. paraciliata and the closely related
(and unsampled) C. ciliata (Hendel) belong to the nigra
clade, but not to the syngesesiae group therein, which
contains other former Chromatomyia. These two species,
as well as others that cluster here in the ciliata group, are
Chromatomyia-like in undergoing internal pupariation after
mining leaves of Asteraceae, and were placed by Godfray
(1985) and Spencer (1990) in Chromatomyia despite sharing
distinct paired distiphallar tubules with the Phytomyza
robustella group, the other member of our nigra clade.
Spencer’s decision in this case reflects his opinion (Spencer,
1990: 405) that mode of pupariation should be considered
more strongly in delimiting Chromatomyia, following
Hardy’s (1849) original concept. Paradoxically, however,
Spencer & Steyskal (1986) and Spencer (1990) placed C.
clemativora (Coquillett) and the related C. clematoides in
Chromatomyia, despite the fact that neither pupates internally, because they show a reduction of the aedeagus
analogous to that in some other Chromatomyia species.
The placement of C. clematoides found here is instead
consistent with similarities of the terminalia to the Phytomyza loewii group, noted previously by Spencer & Steyskal
(1986). Lastly, two small species groups placed in Chromatomyia by Spencer were found here to be more closely
related to Napomyza and Ptochomyza than to Phytomyza
sensu stricto and included former Chromatomyia. Of these,
the C. scolopendri group, comprising three Palearctic and
one Himalayan species feeding on ferns, shares only internal
pupariation with other Chromatomyia (Spencer, 1990).
Chromatomyia mimuli and relatives share in addition
a reduction of the male terminalia, although not of the
same form as more typical Chromatomyia.

Evolution of life history and host use
As the above discussion suggests, the slipper-shaped
puparium of species formerly placed in Chromatomyia,
which is formed in the leaf mine with spiracles projecting
out of the leaf epidermis, must also represent parallelism if
the molecular phylogeny is correct. As noted by Griffiths
(1972a, 1974a), leaf-mining species of Phytomyza with
internally formed puparia, often quite similar to those of
‘Chromatomyia’, are found in several additional species
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groups (see Fig. 2), including the atomaria, anemones, ciliata
and ilicis groups. Of these, internal pupariation in the ciliata
and ilicis groups would appear from the phylogeny to share
a common origin with the syngenesiae and agromyzina
groups, respectively, of former Chromatomyia. In fact, we
estimate that this mode of pupariation must have evolved at
least eight times in the Phytomyza group (six in Phytomyza
sensu stricto; see Fig. 2), although this has not been
followed by significant proliferation of species, except in
the nigra and agromyzina clades. In addition to those groups
mentioned above, Chromatomyia-type pupariation is found
in the unidentified P. ‘Cimicifuga’, collected as larvae and
puparia in Actaea (¼Cimicifuga; Ranunculaceae) in Japan
(ISW), and possibly associated with P. tamui Sasakawa on
Coptis (also Ranunculaceae), which also undergoes pupariation internally (Sasakawa, 1957). Two unsampled Ranunculaceae feeders (P. rydeni Hering and P. ranunculicola
Hering), both possibly associated with the aquilegiae clade,
have similar pupariation (Pakalniškis, 2004). Furthermore,
some species of the Aulagromyza populicola group (leaf
miners on Salicaceae) have internal puparia, including the
species (A. tridentata) included here; we found this to be the
sister group to Phytomyza sensu stricto. Finally, puparia of
Ptochomyza species that feed in the finely divided leaves of
Asparagus (Asparagaceae) remain in the mine (Spencer,
1990). Facultative internal pupariation is present also in the
petoei group and a few other species (Spencer, 1976), but
pupariation in these species is qualitatively different; an exit
slit is first cut, as in most agromyzids, and spiracles do not
protrude from the leaf epidermis. In contrast, external
pupariation has evolved from internal pupariation very
few times in leaf-mining lineages; in Phytomyza the only
known examples are C. alpigenae (Groschke) and C.
chamaemetabola Griffiths (Griffiths, 1974a), both in the
periclymeni superspecies of the agromyzina group, and
possibly P. hydrangeae Sasakawa (Sasakawa, 1956), whose
relationships have not been confirmed. The apparent parallel evolution of Chromatomyia-type pupariation raises the
question of why and how internal pupariation has repeatedly evolved in Phytomyza and related taxa. More specifically, is there some adaptive advantage to internal
pupariation that is driving this transition, and are there
any additional life-history factors that are connected to
internal pupariation?
The advantages of pupariation in the leaf mine are
unclear, but it is possible that this could give some additional
protection from natural enemies (Connor & Taverner, 1997).
It is not known if pupariation in the leaf actually facilitates
avoidance of predators, pupal parasitoids, or pathogenic
fungi that attack puparia in the soil. On the other hand,
pupariation in a conspicuous leaf mine could heighten
susceptibility to some predators and parasitoids (e.g. Owen,
1975). However, most known agromyzid parasitoids,
including those that specialize on Phytomyza species with
internal pupariation (e.g. Griffiths, 1966), attack the larval
stages, which are presumably equally vulnerable regardless
of pupariation site. Abiotic factors may also be important.
An interesting parallel is found in asphondyliine gall midges,
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which have apparently evolved internal pupariation several
times from ancestors with external pupariation (Möhn,
1961). Although galls (and stem mines) may provide much
more substantial protection from natural enemies than leaf
mines, Möhn pointed out that this adaptation allowed the
Asphondyliini and other genera with internal pupariation to
flourish in climates where soil conditions are not favourable
for pupariation, such as in arid areas, or areas prone to
seasonal flooding. A similar scenario is possible for members of the nigra clade and agromyzina group, which are
especially diverse in boreal and alpine regions (Griffiths,
1964, 1972a, b, 1974a, b, c, 1976a, b, 1980; Spencer &
Steyskal, 1986), including many habitats with especially dry
or saturated soils. Habitat may have also been important in
the evolution of internal pupariation in the genus Cerodontha, species of which mine grasses, sedges or rushes, and are
often abundant in dry grasslands and marshy areas. By
contrast, many other agromyzids feeding on semi-aquatic
plants (including some Phytomyza species) have developed
characteristically elongate spiracles that help the puparia
cling externally to the host plant (Nowakowski, 1962).
Regardless of any possible adaptive advantage of pupariation inside a leaf mine, it may be that internal pupariation is
precipitated largely by other life-history traits. For example,
most agromyzid species feeding in stems, flower heads and
leaf midribs undergo pupariation internally in the host plant.
This assertion is difficult to quantify because the relative
difficulty in locating and rearing these species has resulted in
a paucity of life-history data compared with leaf-mining taxa.
However, it appears to be true for most such members of the
Phytomyza group of genera, except for some Orobanchaceaefeeding members of the atomaria group (e.g. P. affinis Fallén
and sometimes P. subtenella; Spencer, 1976; Gaimari et al.,
2004), and for stem-mining species of Aulagromyza and the
seed-feeding Gymnophytomyza, both of which feed on Galium
(Rubiaceae) and exhibit external pupariation (see Spencer,
1976; Zlobin, 1999). Spencer (1990: 29, 41) suggested that
a progression from stem feeding to leaf mining with a retention of internal pupariation had occurred in the ranunculella
group; this group consists mostly of stem miners, but at least
two non-sister species (P. clematidicolla Spencer in Australia
and P. costata in New Zealand) are obligate leaf miners, and
P. lyalli occasionally moves into the leaf blade to feed.
Despite our limited sampling of the ranunculella group, our
phylogeny supports this hypothesis, in that the ranunculella
group is nested within the albipennis clade, which largely
consists of stem- and flower head-feeding species. A similar
scenario must account for internal pupariation in the leafmining species of the atomaria group [including the plantaginis group of Zlobin (1997)], also nested in this clade. In most
other cases, species with Chromatomyia-type pupariation in
the leaf blade are phylogenetically proximate to species with
atypical feeding habits (i.e. feeding in tissues other than leaf
parenchyma), although a clear progression is not evident. For
example, the anemones group (leaf miners with internal
pupariation) is associated with the albipennis clade. Likewise,
the mimuli and scolopendri groups and Ptochomyza, all of
which have internal pupariation, are allied with the stem- and

seed-feeding genus Napomyza, although in this case, parsimony predicts the opposite transition, from leaf mining to
stem and seed feeding (Fig. 2). Finally, we found A. tridentata
to branch between P. gymnostoma and P. glabra at the base of
Phytomyza. Phytomyza gymnostoma is a leaf miner in onion
(Alliaceae), but mines downward and undergoes pupariation
in or near the root; P. glabra is a stem miner, although the
related P. bupleuri and P. spoliata are typical leaf miners with
external pupariation (Spencer, 1990).
What about the nigra and agromyzina clades, for which
internal pupariation is ancestral, but which do not have any
stem- or seed-mining members or close relatives (except for
P. hasegawai Sasakawa, of the robustella group; Sasakawa,
1981)? In the nigra clade, feeding habits of the robustella
group are in some ways analogous to stem mining; as
mentioned above, typical members of this group mine leaf
midribs, often causing gall-like swellings. Our ML phylogeny (Fig. 2) predicts a transition from feeding in typical leaf
mines to feeding in leaf midribs in this clade, but relationships between the three species groups of the nigra clade are
poorly supported (Fig. 1), and the position of the robustella
group as sister to the other two may be more concordant
with morphological characters. Similarly, examination of
habits of C. ramosa and other Dipsacaceae miners may
again provide insight into evolution of the agromyzina clade.
Both C. ramosa and C. scabiosarum (which Spencer does not
believe to be closely related) mine in the leaf midrib, with
offshoots into the leaf blade (Spencer, 1990). As in the
robustella group, pupariation occurs in the midrib (Spencer,
1976). Leaf mines of the other Dipsacaceae-feeding species
are more typical of the agromyzina group.
The phylogenetic position of P. gymnostoma and
P. glabra at the base of Phytomyza suggests the possibility
that stem mining or other atypical feeding behaviours may
be ancestral for Phytomyza. Spencer (1990) considered large
size and stem-mining habits to be ancestral for Phytomyza
and for other agromyzids, and believed that progression
from stem to leaf mining was a general trend for the family.
Accordingly, Spencer suggested that species such as
P. rufipes, P. gymnostoma, or members of the robustella
group represent ‘primitive’ Phytomyza species. These species
are generally similar in habitus to Napomyza, which Spencer
(1990: 392) thought to be the most primitive among the
‘Napomyza group’ of genera [roughly corresponding with
Dempewolf’s (2001) Phytomyza group, except Spencer
excluded Aulagromyza and Gymnophytomyza, and included
Pseudonapomyza]. However, Dempewolf (2001, 2005) and
Scheffer et al. (2007) showed that leaf mining is probably the
ancestral habit for agromyzids in general. Our results
cannot resolve this question for Phytomyza, but the albipennis clade is nested within a predominately leaf-mining
lineage, so stem and seed feeding in at least this clade is
probably secondarily derived. It now seems unlikely that the
large size of some species in the atomaria, robustella, and
rufipes group species, as well as Napomyza and P. gymnostoma, reflects a shared plesiomorphic trait; this may instead
result from relaxation of size constraints imposed on other
species by existence within the narrow leaf plane.
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As noted for other phytophagous insects (Winkler &
Mitter, 2008), shifts between host families in Phytomyza
generally have been more frequent than shifts in other lifehistory traits. Nevertheless, such shifts are relatively rare in
some lineages; for example, some Ranunculaceae-feeding
groups may have retained this habit for many millions of
years, and the large albiceps group (at least 60 species) has
repeatedly colonized hosts only within the Asteraceae (except
for two species on the closely related Campanulaceae;
Spencer, 1990). In contrast, the agromyzina group exhibits
a uniquely accelerated rate of host family shifts, including
shifts to host families not colonized by any other Phytomyza
species, and in some cases not used by any other agromyzids.
Its collective host list includes at least ten angiosperm plant
families, spanning the rosid, asterid, saxifragalean, and
commelinid clades (APGII, 2003), as well as both woody
and herbaceous hosts. This result may corroborate a longstanding general hypothesis that colonization of novel hosts is
more likely for insects that feed on woody plants (Feeny,
1975; see also Winkler & Mitter, 2008). Also notable is the
exceptional case of C. horticola (syngenesiae group), which
has been recorded on hosts in over 35 different plant families
(Griffiths, 1967; Spencer, 1973, 1990; Benavent-Corai et al.,
2005). Scheffer et al. (2007) suggested that the incidence of
polyphagy in Liriomyza may be related to frequent host shifts
to unrelated plant families by related specialist species.
However, the broad polyphagy of C. horticola evidently
reflects a different evolutionary phenomenon, as the nigra
clade to which it belongs shows only two shifts to plant
families other than Asteraceae (Poaceae and Valerianaceae;
Griffiths, 1974c, 1980) during the evolution of over 60 species.
Instead, the precursor of extreme host range expansion in C.
horticola is probably indicated by the biology of the related C.
syngenesiae, which is broadly oligophagous within Asteraceae, and is known to rarely feed on plants in other families
(Griffiths, 1967; Spencer, 1990; Benavent-Corai et al., 2005).
Another, less dramatic, host range expansion is apparent in
N. lateralis and related species. Napomyza lateralis itself is
widely oligophagous on Asteraceae, but has also been
recorded on the unrelated Lupinus (Fabaceae; Zlobin,
1994a) and possibly Linum (Linaceae; Spencer, 1966a,
1990). Although known hosts of Napomyza species are largely
confined to the Asteraceae, several species of the lateralis
group specialize instead on unrelated plants: N. carotae
Spencer on Apiaceae, N. nigriceps van der Wulp on Lamiaciae and N. scrophulariae Spencer on Lamiaceae, Scrophulariaceae and Plantaginaceae (Spencer, 1966a, 1990).
Although a detailed investigation of host relationships
and their evolution is beyond the scope of this study, the
present results generally support the scenario elaborated
by Spencer (1990) of many separate lineages feeding on
Ranunculaceae, with a few, larger radiations onto asterid
hosts. However, it is not clear if Ranunculaceae is in fact the
ancestral host of Phytomyza, as predicted by Spencer (1990),
because asterid- and Ranunculaceae-feeding lineages are
both dispersed throughout the tree (Fig. 2). In addition, the
larger clade to which Phytomyza belongs is very unlikely to
have Ranunculaceae as an ancestral host, given the pre-
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dominant modern association of Aulagromyza and
Napomyza with the asterid families Rubiaceae, Caprifoliaceae
and Asteraceae (Spencer, 1990). At least some asterid-feeding
lineages are probably derived from Ranunculaceae-feeding
ancestors, including those in the albiceps, albipennis and
aquilegiae clades. These shifts to asterid plant families seem
to have been very important in spurring species diversification, by opening new ‘adaptive zones’ for colonization. This
is evidenced by the overall pattern seen of distinctive species
groups representing shifts to novel hosts, followed by varying
degrees of morphological differentiation and speciation.
We anticipate that more detailed sampling of individual
clades and species groups will lead to more pointed insights
into the link between host use and speciation in Phytomyza
flies.
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Appendix 1
Species of Phytomyza listed by species group. Species
originally described in Chromatomyia, Napomyza and Ptochomyza are transferred here to Phytomyza; the latter two
genera are here considered subgenera of Phytomyza. Species
previously placed in Chromatomyia are also noted. The
species group classification presented for Phytomyza sensu
stricto represents a partial revision of previously recognized
groups (Spencer, 1990) based on available literature and
species obtained for this study; it is not meant to be
a comprehensive list. Therefore, many species listed as
‘unplaced’ may belong in listed groups or in additional,
unlisted groups, and some species placed in groups may only
tentatively belong to these. Species groups for Phytomyza
(Napomyza) follow Zlobin (1993a, b, 1994a). Four new
names in Phytomyza sensu stricto and six in Phytomyza
(Napomyza) are here proposed for secondary homonyms
created by the synonymies of Chromatomyia and Napomyza.
Geographical regions from which each species is known are
listed in brackets, and host plant family (where known) is
listed following this in parentheses. Additional notes on
classification, including subgroup or possible clade assignments, are also listed (n.m. ¼ male genitalia not described; ?
¼ assignment tentative or suspect).
Phytomyza Fallén, 1810
type species: Phytomyza flaveola Fallén, 1810 (¼ Musca
ranunculi Schrank, 1803)
Chromatomyia Hardy, 1849 syn.n.
type species: Phytomyza obscurella Fallén, 1823 (a misidentification of P. periclymeni de Meijere, 1924)
Napomyza Westwood, 1840 syn.n.
type species: Phytomyza festiva Meigen, 1830 (¼ P.
elegans Meigen, 1830)
Ptochomyza Hering, 1942 syn.n.
type species: Ptochomyza asparagi Hering, 1942
Diagnosis: Agromyzid flies with the costal vein terminating at R4þ5 and orbital setulae proclinate. Second (dm-cu)
crossvein usually absent or (subgenus Napomyza) closely
approximated to bm-cu crossvein (present but not close to
bm-cu crossvein in some Phytomyza sensu stricto). Medial
(M) and often cubital (Cu) veins usually noticeably weaker
than branches of the radial (R) vein. Distiphallus may be
bifid, with paired distal tubules (most Phytomyza sensu
stricto) or simple, with a single terminal portion (Napomyza
and some Phytomyza sensu stricto). The distiphallus may
also be partially or wholly reduced.
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Phytomyza subgenus Napomyza
1. annulipes group
Phytomyza (Napomyza) annulipes Meigen, 1830 [PA]
(Asteraceae)
Phytomyza (Napomyza) flavivertex (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) flavohumeralis (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) humeralis (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) kerzhneri Winkler nom.n. for
N. nigricoxa Zlobin, 1993, preocc. by P. nigricoxa
Hendel, 1935 [PA]
Phytomyza (Napomyza) suda (Spencer, 1969) comb.n.
[NE]
Phytomyza (Napomyza) tenuifrons (Zlobin, 1993)
comb.n. [PA]
2. elegans group
Phytomyza (Napomyza) elegans Meigen, 1830 [PA]
Phytomyza (Napomyza) pallens (Spencer, 1969) comb.n.
[NE]
Phytomyza (Napomyza) pubescens (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) tanaitica (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) zimini (Zlobin, 1993) comb.n.
[PA]
3. lateralis group
Phytomyza (Napomyza) achilleanella (Tschirnhaus,
1992) comb.n. [PA] (Asteraceae)
Phytomyza (Napomyza) acutiventris (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) angulata (Zlobin, 1993)
comb.n. [PA]
Phytomyza (Napomyza) arcticola (Spencer, 1969)
comb.n. [NE]
Phytomyza (Napomyza) asteroides Winkler nom.n. for
N. tripolii Spencer, 1966, preocc. by P. tripolii, de
Meijere, 1924 [PA] (Asteraceae)
Phytomyza (Napomyza) bellidis (Griffiths, 1967)
comb.n. [PA] (Asteraceae)
Phytomyza (Napomyza) carotae (Spencer, 1966) comb.n.
[PA] (Apiaceae)
Phytomyza (Napomyza) cichorii (Spencer, 1966) comb.n.
[PA] (Asteraceae)
Phytomyza (Napomyza) curvipes (Zlobin, 1993) comb.n.
[PA]
Phytomyza (Napomyza) dubia (Zlobin, 1994) comb.n.
[PA]
Phytomyza (Napomyza) filipenduliphila (Zlobin, 1994)
comb.n. [PA]
Phytomyza (Napomyza) genualis (Zlobin, 1994) comb.n.
[PA]
Phytomyza (Napomyza) grandella (Spencer, 1986)
comb.n. [NE]
Phytomyza (Napomyza) hirticornis Hendel, 1932 [PA]
(Campanulaceae, Asteraceae)
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Phytomyza (Napomyza) immanis (Spencer, 1969)
comb.n. [NE]
Phytomyza (Napomyza) immerita (Spencer, 1969)
comb.n. [NE]
Phytomyza (Napomyza) inquilina (Kock, 1966) comb.n.
[PA] (Scrophulariaceae)
Phytomyza (Napomyza) kandybinae (Zlobin, 1994)
comb.n. [PA]
Phytomyza (Napomyza) lacustris (Zlobin, 1994) comb.n.
[PA]
Phytomyza (Napomyza) lateralis Fallén, 1823 [PA, NE]
(mostly Asteraceae)
Phytomyza (Napomyza) laterella (Zlobin, 1994) comb.n.
[PA]
Phytomyza (Napomyza) manni (Spencer, 1986) comb.n.
[NE]
Phytomyza (Napomyza) maritima (Tschirnhaus, 1981)
comb.n. [PA] (Asteraceae)
Phytomyza (Napomyza) merita (Zlobin, 1993) comb.n.
[PA]
Phytomyza (Napomyza) mimula (Spencer, 1969) comb.n.
[NE]
Phytomyza (Napomyza) minimoides Winkler nom.n. for
N. minima Zlobin, 1994, preocc. by P. minima Meigen,
1830 [PA]
Phytomyza (Napomyza) minuta (Spencer, 1981) comb.n.
[NE]
Phytomyza (Napomyza) montanoides (Spencer, 1981)
comb.n. [NE]
Phytomyza (Napomyza) nana Winkler nom.n. for N.
minutissima Zlobin, 1994, preocc. by P. minutissima
Spencer 1981 [PA]
Phytomyza (Napomyza) neglecta (Zlobin, 1994) comb.n.
[PA]
Phytomyza (Napomyza) nigriceps (van der Wulp, 1871)
comb.n. [PA] (Lamiaceae)
Phytomyza (Napomyza) nugax (Spencer, 1969) comb.n.
[NE]
Phytomyza (Napomyza) paratripolii (Chen & Wang,
2003) comb.n. [PA]
Phytomyza (Napomyza) plumea (Spencer, 1969) comb.n.
[PA, NE] (Asteraceae)
Phytomyza (Napomyza) plumigera (Zlobin, 1994)
comb.n. [PA]
Phytomyza (Napomyza) prima (Zlobin, 2001) comb.n.
[OR]
Phytomyza (Napomyza) schusteri (Spencer, 1981)
comb.n. [NE]
Phytomyza (Napomyza) scrophulariae (Spencer, 1966)
comb.n. [PA] (Plantaginaceae)
Phytomyza (Napomyza) ussuriensis Winkler nom.n. for
N. mimica Zlobin, 1994, preocc. by P. mimica Hering
1928 [PA]
Phytomyza (Napomyza) zlobini Winkler nom.n. for N.
hirta Zlobin, 1994, preocc. by P. hirta, Rydén, 1957 [PA]
Unplaced in subgenus Napomyza
Phytomyza (Napomyza) thalhammeri Strobl, 1900 [PA]

Journal compilation # 2009 The Royal Entomological Society, Systematic Entomology, 34, 260–292
No claims to original US government works

284 I. S. Winkler et al.
Phytomyza (Napomyza) vivida (Spencer, 1965) comb.n.
[AF]
Phytomyza (Napomyza) xizangensis (Chen & Wang,
2003) comb.n. [PA]
Phytomyza subgenus Ptochomyza
Phytomyza (Ptochomyza) asparagi (Hering, 1942)
comb.n. [PA] (Asparagaceae)
Phytomyza (Ptochomyza) asparagivora (Spencer, 1964)
comb.n. [PA, AF] (Asparagaceae)
Phytomyza (Ptochomyza) czernyi Strobl, 1909 [PA]
(Apiaceae)
Phytomyza (Ptochomyza) mayeri (Spencer, 1966) [PA]
(Ranunculaceae;?)
Phytomyza sensu stricto (subgenus Phytomyza)
1. spoliata group
Phytomyza bupleuri Hering, 1963 [PA] (Apiaceae)
Phytomyza glabra Hendel, 1935 [PA] (Apiaceae)
Phytomyza spoliata Strobl, 1906 [PA] (Asteraceae)
2. minuscula group
Phytomyza aquilegivora Spencer, 1969 [NE]
(Ranunculaceae)
Phytomyza minuscula Goureau, 1851 [NE, PA]
(Ranunculaceae)
Phytomyza thalictrivora Spencer, 1969 [NE]
(Ranunculaceae)
3. ciliata group
Phytomyza arnicivora Sehgal, 1971 [NE] (Asteraceae)
Phytomyza aurata Griffiths, 1974 [NE] (Asteraceae)
Phytomyza campestris Griffiths, 1974 [NE] (Asteraceae)
Phytomyza ciliata Hendel, 1935 (Chromatomyia) [PA]
(Asteraceae)
Phytomyza crepidis Spencer, 1981 [NE] (Asteraceae)
Phytomyza farfarae Hendel, 1935 [PA] (Asteraceae)
Phytomyza hyperborea Griffiths, 1972 [NE] (Asteraceae)
Phytomyza hypophylla Griffiths, 1972 [NE] (Asteraceae)
Phytomyza integerrimi Griffiths, 1974 [NE] (Asteraceae)
Phytomyza lugentis Griffiths, 1972 [NE] (Asteraceae)
Phytomyza montereyensis Spencer, 1981 [NE]
Phytomyza orbitella (Spencer, 1981) comb.n. (Chromatomyia) [NE]
Phytomyza oreas Griffiths, 1974 [NE] (Asteraceae)
Phytomyza paraciliata (Godfray, 1985) comb.n. (Chromatomyia) [PA] (Asteraceae)
4. robustella group
Phytomyza achilleaececis Süss, 1984 [PA] (Asteraceae;
n.m.;?)
Phytomyza affinalis Frost, 1924 [NE] (?)
Phytomyza araciocecis Hering, 1958 [PA] (Asteraceae)
Phytomyza buhriella Spencer, 1969 [PA] (Asteraceae)
Phytomyza cecidonomia Hering, 1937 [PA] (Asteraceae)
Phytomyza cinerea Hendel, 1920 [PA] (Asteraceae;?)
Phytomyza continua Hendel, 1920 [PA] (Asteraceae)
Phytomyza ferina Spencer, 1971 [PA]
Phytomyza flavens Spencer, 1986 [NE] (?)
Phytomyza flaviventris Zetterstedt, 1848 [PA] (n.m.;?)
Phytomyza hasegawai Sasakawa, 1981 [PA] (Asteraceae)
Phytomyza hedingi Rydén, 1953 [PA]
Phytomyza major Malloch, 1913 [NE]

Phytomyza penicilla Hendel, 1935 [PA] (Asteraceae)
Phytomyza picridocecis Hering, 1957 [PA] (Asteraceae)
Phytomyza rhabdophora Griffiths, 1964 [PA]
Phytomyza robustella Hendel, 1936 [PA] (Asteraceae)
Phytomyza rufescens von Roser, 1840 [PA] (Asteraceae)
Phytomyza wahlgreni Rydén, 1944 [NE, PA] (Asteraceae)
5. syngenesiae group
Phytomyza alopecuri (Griffiths, 1980) comb.n. (Chromatomyia) [NE] (Poaceae; fuscula supersp.)
Phytomyza anonera Seguy, 1951 (Chromatomyia) [AF]
(Asteraceae)
Phytomyza aragonensis Griffiths, 1967 (Chromatomyia)
[PA] (Asteraceae; syngenesiae supersp.)
Phytomyza asteris Hendel, 1934 (Chromatomyia) [PA]
(Asteraceae; syngenesiae supersp.)
Phytomyza autumnalis Griffiths, 1959 [PA] (Asteraceae;
nr. P. spinaciae)
Phytomyza elgonensis (Spencer, 1985) comb.n. (Chromatomyia) [AF]
Phytomyza erigerontophaga Spencer, 1969 (Chromatomyia) [NE] (Asteraceae; erigontophaga supersp.)
Phytomyza farfarella Hendel, 1935 (Chromatomyia) [PA]
(Asteraceae; syngenesiae supersp.)
Phytomyza fuscula Zetterstedt, 1838 (Chromatomyia)
[NE, PA] (Poaceae; fuscula supersp.)
Phytomyza griffithsiana (Beiger, 1977) comb.n. (Chromatomyia) [PA] (Asteraceae; nr. lactuca)
Phytomyza hebronensis Spencer, 1969 [NE] (nr. P.
spinaciae)
Phytomyza hirsuta Spencer, 1976 (Chromatomyia)
[PA]
Phytomyza horticola Goureau, 1851 (Chromatomyia)
[PA] (polyphagous; syngenesiae supersp.)
Phytomyza ixeridopsis (Griffiths, 1977) comb.n. (Chromatomyia) [NE] (Asteraceae; syngenesiae supersp.)
Phytomyza kluanensis (Griffiths, 1974) comb.n.
(Chromatomyia) [NE] (Valerianaceae; syngenesiae
supersp.)
Phytomyza lactuca Frost, 1924 (Chromatomyia) [NE]
(Asteraceae)
Phytomyza lindbergi Spencer, 1957 (Chromatomyia) [PA]
(syngenesiae supersp.)
Phytomyza montella (Spencer, 1986) comb.n. (Chromatomyia) [NE]
Phytomyza nigra Meigen, 1830 (Chromatomyia) [NE,
PA] (Poaceae; nigra supersp.)
Phytomyza nigrissima (Spencer, 1985) comb.n. (Chromatomyia) [AF] (nigra supersp.?)
Phytomyza notopleuralis Spencer, 1969 [NE] (nr. P.
spinaciae)
Phytomyza poae (Griffiths, 1980) comb.n. (Chromatomyia) [NE] (Poaceae; fuscula supersp.)
Phytomyza puccinelliae Spencer, 1969 (Chromatomyia)
[NE] (Poaceae; fuscula supersp.)
Phytomyza senecionella Sehgal, 1971 (Chromatomyia)
[NE] (Asteraceae; syngenesiae supersp.?)
Phytomyza seneciophila (Spencer, 1985) comb.n. (Chromatomyia) [AF] (Asteraceae)
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Phytomyza seneciovora Spencer, 1959 (Chromatomyia)
[AF] (Asteraceae)
Phytomyza spinaciae Hendel, 1928 [PA] (Asteraceae)
Phytomyza subnigra (Spencer, 1985) comb.n. (Chromatomyia) [AF] (nigra supersp.)
Phytomyza syngenesiae (Hardy, 1849) comb.n. (Chromatomyia) [NE, PA] (mostly Asteraceae; syngenesiae
supersp.)
Phytomyza thermarum (Griffiths, 1976) comb.n.
(Chromatomyia) [NE] (Asteraceae; erigontophaga
supersp.)
6. hendeli group
Phytomyza albimargo Hering, 1925 [PA] (Ranunculaceae;?)
Phytomyza brischkei Hendel, 1922 [PA] (Fabaceae;?)
Phytomyza hendeli Hering, 1923 [PA] (Ranunculaceae)
Phytomyza linguae Lundquist, 1947 [PA]
Phytomyza multifidae Sehgal, 1971 [NE]
(Ranunculaceae)
Phytomyza pulsatillae Hering, 1924 [PA]
(Ranunculaceae)
Phytomyza ranunculivora Hering, 1932 [PA]
(Ranunculaceae)
Phytomyza rectae Hendel, 1924 [PA] (Ranunculaceae)
Phytomyza rubicola Sasakawa, 1998 [PA] (Rubiaceae)
Phytomyza sedicola Hering, 1924 [PA] (Crassulaceae)
Phytomyza thalictrella Spencer, 1981 [NE] (Ranunculaceae)
7. loewii group
Phytomyza clemativora Coquillett, 1910 (Chromatomyia)
[NE] (Ranunculaceae)
Phytomyza clematoides Spencer, 1986 (Chromatomyia)
[NE] (Ranunculaceae)
Phytomyza fulgens Hendel, 1920 [PA] (Ranunculaceae)
Phytomyza loewii Hendel, 1923 [NE, NT] (Ranunculaceae)
Phytomyza ranunculoides Spencer, 1986 [NE] (Ranunculaceae)
8. angelicae group
Phytomyza acanthopanicis Sasakawa, 1961 [PA]
(Araliaceae)
Phytomyza aegopodii Hendel, 1923 [PA] (Apiaceae)
Phytomyza angelicae Kaltenbach, 1872 [NE, PA]
(Apiaceae)
Phytomyza angelicivora Hering, 1924 [PA] (Apiaceae)
Phytomyza araliae Sasakawa, 1955 [PA] (Araliaceae)
Phytomyza aralivora Spencer, 1969 [NE] (Araliaceae)
Phytomyza athamantae Hering, 1943 [PA] (Apiaceae)
Phytomyza bifida Sasakawa, 1961 [PA] (Araliaceae)
Phytomyza chaerophylliana Hering, 1931 [PA]
(Apiaceae;?)
Phytomyza cicutella Spencer, 1981 [NE] (Apiaceae)
Phytomyza cicutivora Hering, 1931 [PA] (Apiaceae)
Phytomyza conjuncta Iwasaki, 1996 [PA] (Araliaceae)
Phytomyza dioni Boucher & Wheeler, 2001 [NE]
Phytomyza elsae Hendel, 1927 [PA] (Apiaceae)
Phytomyza facialis Kaltenbach, 1872 [PA] (Apiaceae)
Phytomyza heracleana Hering, 1937 [PA] (Apiaceae)
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Phytomyza kalopanacis Iwasaki, 1997 [PA] (Araliaceae)
Phytomyza kibunensis Sasakawa, 1953 [PA] (Apiaceae)
Phytomyza latifolii Groschke, 1957 [PA] (Apiaceae)
Phytomyza libanotidis Hering, 1928 [PA] (Apiaceae)
Phytomyza mylini Hering, 1954 [PA] (Apiaceae)
Phytomyza pauliloewii Hendel, 1920 [PA] (Apiaceae)
Phytomyza peucedani Rydén, 1953 [PA] (Apiaceae;?)
Phytomyza pimpinellae Hendel, 1924 [PA] (Apiaceae)
Phytomyza riparia Sehgal, 1971 [NE] (?)
Phytomyza selini Hering, 1922 [PA] (Apiaceae)
Phytomyza silai Hering, 1935 [PA] (Apiaceae)
Phytomyza suwai Iwasaki, 1996 [PA] (Araliaceae)
Phytomyza thysselinivora Hering, 1924 [PA] (Apiaceae;?)
Phytomyza ukogi Iwasaki, 1996 [PA] (Araliaceae)
Phytomyza zarzyckii Nowakowski, 1975 [PA]
(Apiaceae)
9. spondylii group
Phytomyza abiskensis Spencer, 1976 [PA]
Phytomyza adjuncta Hering, 1928 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza angelicastri Hering, 1932 [PA] (Apiaceae)
Phytomyza archangelicae Hering, 1937 [NE, PA]
(Apiaceae)
Phytomyza arnaudi Sasakawa, 1955 [PA] (Apiaceae)
Phytomyza astrantiae Hendel, 1924 [PA] (Apiaceae)
Phytomyza aurei Hering, 1931 [PA] (Apiaceae)
Phytomyza biseta Hering, 1954 [PA] (Apiaceae)
Phytomyza brevituba Sasakawa, 1998 [PA] (Apiaceae)
Phytomyza brunnipes Brischke, 1881 [PA] (Apiaceae)
Phytomyza chaerophylli Kaltenbach, 1856 [PA]
(Apiaceae)
Phytomyza cicutae Hendel, 1922 [PA] (Apiaceae)
Phytomyza cnidii Griffiths, 1973 [NE] (Apiaceae;
obscurella subgrp.)
Phytomyza conii Hering, 1931 [PA] (Apiaceae)
Phytomyza coniopais Hering, 1931 [PA] (Apiaceae)
Phytomyza conioselini Griffiths, 1973 [NE] (Apiaceae;
obscurella subgrp.)
Phytomyza ferulae Hering, 1927 [PA] (Apiaceae)
Phytomyza ferulivora Griffiths, 1956 [PA] (Apiaceae)
Phytomyza lanati Spencer, 1966 [NE] (Apiaceae)
Phytomyza melana Hendel, 1920 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza mutellinae Beiger, 1961 [PA] (Apiaceae)
Phytomyza obscurella Fallén, 1823 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza oenanthes Sasakawa, 1955 [PA] (Apiaceae)
Phytomyza oenanthoides Spencer, 1981 [NE] (Apiaceae)
Phytomyza osmorhizae Spencer, 1969 [NE] (Apiaceae;
obscurella subgrp.)
Phytomyza pastinacae Hendel, 1923 [NE, PA]
(Apiaceae)
Phytomyza podagrariae Hering, 1954 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza polycladae Sasakawa, 1955 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza saniculae Spencer, 1981 [NE] (Apiaceae)
Phytomyza sii Hering, 1930 [PA] (Apiaceae)
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Phytomyza sitchensis Griffiths, 1973 [NE, PA] (Apiaceae; obscurella subgrp.)
Phytomyza sphondyliivora Spencer, 1957 [PA] (Apiaceae)
Phytomyza spondylii Robineau-Desvoidy, 1851 [NE,
PA] (Apiaceae)
Phytomyza thysselini Hendel, 1923 [PA] (Apiaceae;
obscurella subgrp.)
Phytomyza tlingitica Griffiths, 1973 [NE] (Apiaceae)
Phytomyza umanomitsubae Sasakawa, 1993 [PA]
(Apiaceae)
Phytomyza vilnensis Pakalniškis, 1998 [PA] (Apiaceae)
10. albiceps group
Phytomyza achilleae Hering, 1932 [PA] (Asteraceae)
Phytomyza adenostylis Hering, 1926 [PA] (Asteraceae)
Phytomyza alaskana Griffiths, 1974 [NE] (Asteraceae)
Phytomyza albiceps Meigen, 1830 [NE, PA] (Asteraceae)
Phytomyza alpina Groschke, 1957 [NE, PA] (Asteraceae)
Phytomyza anserimontis Griffiths, 1976 [NE]
(Asteraceae)
Phytomyza aposeridis Groschke, 1957 [PA] (Asteraceae)
Phytomyza arnicae Hering, 1925 [NE, PA] (Asteraceae)
Phytomyza arnicicola Lundquist, 1949 [NE, PA]
(Asteraceae)
Phytomyza aronici Nowakowski, 1962 [PA] (Asteraceae)
Phytomyza artemisivora Spencer, 1971 [PA] (Asteraceae)
Phytomyza asterophaga Spencer, 1969 [NE] (Asteraceae)
Phytomyza astotinensis Griffiths, 1976 [NE] (Asteraceae)
Phytomyza bellidina Hendel, 1934 [PA] (Asteraceae)
Phytomyza bipunctata Loew, 1858 [PA] (Asteraceae)
Phytomyza burchardi Hering, 1927 [PA] (Asteraceae)
Phytomyza californica Griffiths, 1974 [NE] (Asteraceae)
Phytomyza campanulae Hendel, 1920 [PA] (Campanulaceae)
Phytomyza carpesicola Sasakawa, 1955 [PA] (Asteraceae;?)
Phytomyza ciliolati Spencer, 1969 [NE] (Asteraceae)
Phytomyza cirsii Hendel, 1923 [PA] (Asteraceae)
Phytomyza cirsiophaga Hendel, 1935 [PA] (Asteraceae)
Phytomyza columbiana Griffiths, 1977 [NE] (Asteraceae)
Phytomyza conyzae Hendel, 1920 [PA] (Asteraceae)
Phytomyza corvimontana Hering, 1930 [PA] (Asteraceae)
Phytomyza demissa Spencer, 1969 [NE] (Asteraceae)
Phytomyza despinosa Griffiths, 1976 [NE] (Asteraceae)
Phytomyza doronici Hendel, 1923 [PA] (Asteraceae)
Phytomyza erigerophila Hering, 1927 [NE, PA] (Asteraceae)
Phytomyza eupatorii Hendel, 1927 [PA] (Asteraceae)
Phytomyza helianthi Sasakawa, 1955 [PA] (Asteraceae)
Phytomyza hiemalis Griffiths, 1974 [PA] (Asteraceae)
Phytomyza homogyneae Hendel, 1927 [PA] (Asteraceae)
Phytomyza hoppi Hering, 1925 [PA] (Asteraceae)
Phytomyza japonica Sasakawa, 1953 [PA] (Asteraceae)
Phytomyza kyffhusana Hering, 1928 [PA] (Asteraceae)
Phytomyza lappae Goureau, 1851 [PA] (Asteraceae)
Phytomyza leucanthemi Hering, 1935 [PA] (Asteraceae)
Phytomyza marginella Fallén, 1823 [PA] (Asteraceae)
Phytomyza monori Groschke, 1957 [PA] (Asteraceae)

Phytomyza montana Groschke, 1957 [PA] (Asteraceae)
Phytomyza ovimontis Griffiths, 1976 [NE] (Asteraceae)
Phytomyza peregrini Griffiths, 1976 [NE] (Asteraceae)
Phytomyza phalangites Griffiths, 1976 [NE] (Asteraceae)
Phytomyza pieninica Nowakowski, 1963 [PA]
(Asteraceae)
Phytomyza ptarmicae Hering, 1937 [PA] (Asteraceae)
Phytomyza pullula Zetterstedt, 1848 [NE, PA] (Asteraceae)
Phytomyza rapunculi Hendel, 1927 [PA] (Campanulaceae)
Phytomyza saxatilis Griffiths, 1974 [NE] (Asteraceae)
Phytomyza saximontana Griffiths, 1974 [NE] (Asteraceae)
Phytomyza scopulina Griffiths, 1976 [NE] (Asteraceae)
Phytomyza senecionis Kaltenbach, 1869 [PA] (Asteraceae)
Phytomyza solidaginis Hendel, 1920 [PA] (Asteraceae)
Phytomyza solidaginivora Spencer, 1969 [NE] (Asteraceae)
Phytomyza solidaginophaga Sehgal, 1971 [NE] (Asteraceae)
Phytomyza tanaceti Hendel, 1923 [PA] (Asteraceae)
Phytomyza tottoriensis Kuroda, 1960 [PA] (Asteraceae)
Phytomyza tundrensis Spencer, 1969 [NE] (Asteraceae)
Phytomyza tussilaginis Hendel, 1925 [NE, PA] (Asteraceae)
Phytomyza virgaureae Hering, 1926 [PA] (Asteraceae)
11. petoei group
Phytomyza glechomae Kaltenbach, 1862 [PA] (Lamiaceae)
Phytomyza nigrinervis Frost, 1924 [NE]
Phytomyza petoei Hering, 1924 [PA] (Lamiaceae)
Phytomyza salviae (Hering, 1924) [PA] (Lamiaceae)
Phytomyza scotina Hendel, 1920 [PA] (Lamiaceae)
Phytomyza thymi Hering, 1928 [PA] (Lamiaceae)
12. rufipes group
Phytomyza alyssi Nowakowski, 1975 [PA] (Brassicaceae;?)
Phytomyza aulagromyzina Pakalniškis, 1994 [PA] (?)
Phytomyza coquilletti Spencer, 1986 [NE] (?)
Phytomyza flavicornis Fallén, 1823 [NE, PA] (Urticaceae)
Phytomyza genalis Melander, 1913 [NE] (?)
Phytomyza ruficeps Zlobin, 1997 [NE]
Phytomyza rufipes Meigen, 1830 [PA] (Brassicaceae)
13. notata group
Phytomyza anthoceridis Spencer, 1977 [AU] (Solanaceae)
Phytomyza aquilonia Frey, 1946 [NE, PA] (Ranunculaceae)
Phytomyza callianthemi Hering, 1944 [PA] (Ranunculaceae)
Phytomyza caulinaris Hering, 1949 [PA] (Ranunculaceae)
Phytomyza cortusifolii Spencer, 1965 [PA] (Ranunculaceae)
Phytomyza dalmatiensis (Spencer, 1961) [PA] (Ranunculaceae)
Phytomyza humilis Spencer, 1969 [NE] (Ranunculaceae)
Phytomyza infelix Spencer, 1969 [NE]
Phytomyza modocensis Spencer, 1981 [NE]
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Phytomyza multifidi Spencer, 1985 [AF] (Ranunculaceae)
Phytomyza notata Meigen, 1830 [PA] (Ranunculaceae)
Phytomyza orientalis Spencer, 1962 [AU] (Ranunculaceae)
Phytomyza ranunculi (Schrank, 1803) [NE, PA]
(Ranunculaceae)
Phytomyza stolonigena Hering, 1949 [PA] (Ranunculaceae)
Phytomyza varii Spencer, 1964 [AF] (Ranunculaceae)
Phytomyza vitalbae Kaltenbach, 1872 [PA, AU]
(Ranunculaceae)
14. anemones group
Phytomyza aldrichi Spencer, 1986 [NE] (?)
Phytomyza anemones Hering, 1925 [PA] (Ranunculaceae)
Phytomyza buhri Hering, 1930 [PA] (Ranunculaceae)
Phytomyza clematisella Spencer, 1986 [NE] (Ranunculaceae;?)
Phytomyza fallaciosa Brischke, 1881 [PA]
(Ranunculaceae)
Phytomyza flavofemoralis Sasakawa, 1955 [PA]
(Ranunculaceae;?)
Phytomyza hellebori Kaltenbach, 1872 [PA]
(Ranunculaceae)
Phytomyza ignota Pakalniškis, 1994 [PA]
(Ranunculaceae)
Phytomyza kaltenbachi Hendel, 1922 [PA] (Ranunculaceae)
Phytomyza palionisi Pakalniškis, 1998 [PA]
(Ranunculaceae)
Phytomyza paniculatae Sasakawa, 1953 [PA] (Ranunculaceae;?)
Phytomyza philactaeae Hering, 1932 [PA]
15. albipennis group
Phytomyza albipennis Fallén, 1823 [PA] (Ranunculaceae)
Phytomyza aristata Hendel, 1934 [PA] (nigritula subgrp.)
Phytomyza blairmorensis Sehgal, 1971 [NE] (?)
Phytomyza cineracea Hendel, 1920 [PA]
Phytomyza enigmatosa Zlobin, 1994 [PA]
Phytomyza enigmoides Hering, 1937 [PA] (Ranunculaceae)
Phytomyza evanescens Hendel, 1920 [NE, PA]
(Ranunculaceae)
Phytomyza marginalis Frost, 1927 [NE] (Ranunculaceae,
nigritula subgrp.)
Phytomyza nigritula Zetterstedt, 1838 [PA] (Ranunculaceae, nigritula subgrp.)
Phytomyza zinovjevi Zlobin, 1994 [PA]
16. ranunculella group
Phytomyza cameronensis Spencer, 1982 [NT] (?)
Phytomyza clematidicolla Spencer, 1963 [AU]
(Ranunculaceae)
Phytomyza clematidis Kaltenbach, 1859 [PA]
(Ranunculaceae)
Phytomyza costata Harrison, 1959 [AU] (Ranunculaceae)
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Phytomyza drakensbergensis (Spencer, 1963) [AF]
Phytomyza enigma Malloch, 1934 [NT] (?)
Phytomyza eximia Spencer, 1964 [AF]
Phytomyza improvisa Spencer, 1976 [AU] (Ranunculaceae)
Phytomyza lyallii Spencer, 1976 [AU] (Ranunculaceae)
Phytomyza meridialis Spencer, 1982 [NT] (?)
Phytomyza munroi Spencer, 1960 [AF]
Phytomyza placita Spencer, 1977 [AU]
Phytomyza pulchella Spencer, 1977 [AU]
Phytomyza ranunculella Spencer, 1974 [PA] (Ranunculaceae)
Phytomyza ranunculicaulis Spencer, 1977 [AU]
(Ranunculaceae)
Phytomyza renovata Spencer, 1960 [AF] (Ranunculaceae)
Phytomyza strana Spencer, 1960 [AF]
Phytomyza subeximia Spencer, 1985 [AF]
(Ranunculaceae)
17. atomaria group
Phytomyza affinis Fallén, 1823 [NE, PA] (Orobanchaceae)
Phytomyza aquilegiophaga Spencer, 1969 [NE]
(Ranunculaceae)
Phytomyza atomaria Zetterstedt, 1848 [PA]
Phytomyza banffensis Spencer, 1969 [NE]
Phytomyza brevifacies Hendel, 1934 [PA] (Plantaginaceae)
Phytomyza bulbiseta Zlobin, 1997 [NE]
Phytomyza carbonensis Spencer, 1981 [NE]
Phytomyza chelonei Spencer, 1969 [NE] (Plantaginaceae)
Phytomyza clematadi Watt, 1923 [AU] (Ranunculaceae;?)
Phytomyza crassiseta Zetterstedt, 1860 [NE, PA]
(Plantaginaceae)
Phytomyza dasyops Hendel, 1920 [PA]
Phytomyza digitalis Hering, 1925 [PA] (Plantaginaceae)
Phytomyza diversicornis Hendel, 1927 [PA] (Orobanchaceae)
Phytomyza dreisbachi Steyskal, 1972 [NE] (?)
Phytomyza eumorpha Frey, 1946 [PA]
Phytomyza euphrasiae Kaltenbach, 1860 [PA] (?)
Phytomyza flavofemorata Strobl, 1893 [PA] (Orobanchaceae)
Phytomyza franzi Hering, 1944 [PA] (?)
Phytomyza gelida Spencer, 1969 [NE]
Phytomyza globulariae Hendel, 1935 [PA] (Plantaginaceae)
Phytomyza griffithsi Spencer, 1963 [PA] (Plantaginaceae)
Phytomyza hirta Rydén, 1957 [PA]
Phytomyza isais Hering, 1937 [PA] (Orobanchaceae)
Phytomyza jasperensis Sehgal, 1971 [NE]
Phytomyza jonaitisi Pakalniškis, 1996 [PA] (Ranunculaceae)
Phytomyza krygeri Hering, 1949 [PA] (Ranunculaceae)
Phytomyza kurilensis Iwasaki, 2000 [PA]
Phytomyza lupini Sehgal, 1968 [NE] (Fabaceae)
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Phytomyza majalis Zlobin, 1994 [PA]
Phytomyza melampyri Hering, 1934 [PA] (Orobanchaceae)
Phytomyza misella Spencer, 1969 [NE]
Phytomyza nigella Zlobin, 1997 [NE]
Phytomyza nigrifemur Hering, 1934 [PA]
Phytomyza nigroorbitalis Rydén, 1956 [PA] (Orobanchaceae)
Phytomyza oblita Spencer, 1969 [NE]
Phytomyza orindensis Spencer, 1981 [NE]
Phytomyza orlandensis Spencer, 1973 [NE]
Phytomyza orobanchia Kaltenbach, 1864 [PA] (Orobanchaceae)
Phytomyza paranigrifemur Cerný, 2007 [PA]
Phytomyza pedicularicaulis Spencer, 1969 [NE] (Orobanchaceae)
Phytomyza pedicularidis Spencer, 1969 [NE]
(Orobanchaceae)
Phytomyza pedicularifolii Hering, 1960 [PA] (Orobanchaceae)
Phytomyza penstemonella Spencer, 1981 [NE]
(Plantaginaceae; n.m.;?)
Phytomyza penstemonis Spencer, 1969 [NE] (Plantaginaceae)
Phytomyza plantaginis Robineau-Desvoidy, 1851 [PA,
NE, AU] (Plantaginaceae)
Phytomyza ringdahli Rydén, 1937 [PA]
Phytomyza rostrata Hering, 1934 [PA] (Orobanchaceae)
Phytomyza schlicki Spencer, 1976 [PA]
Phytomyza subalpina Sehgal, 1971 [NE] (?)
Phytomyza subtenella Frost, 1924 [NE] (Orobanchaceae)
Phytomyza superba Spencer, 1969 [NE]
Phytomyza tenella Meigen, 1830 [NE, PA] (Orobanchaceae)
Phytomyza tenuis Spencer, 1969 [NE]
Phytomyza thalictri Escher-Kündig, 1912 [PA] (Ranunculaceae)
Phytomyza trivittata Frost, 1924 [NE] (Orobanchaceae)
Phytomyza varipes Macquart, 1835 [NE, PA] (Orobanchaceae)
Phytomyza veronicicola Hering, 1925 [PA] (Plantaginaceae)
18. ilicis group
Phytomyza ditmani Kulp, 1968 [NE] (Aquifoliaceae)
Phytomyza glabricola Kulp, 1968 [NE] (Aquifoliaceae)
Phytomyza ilicicola Loew, 1872 [NE] (Aquifoliaceae)
Phytomyza ilicis Curtis, 1846 [NE, PA] (Aquifoliaceae)
Phytomyza jucunda Frost & Sasakawa, 1954 [PA] (Aquifoliaceae)
Phytomyza kisakai Sasakawa, 1954 [PA] (Styracaceae)
Phytomyza nemopanthi Griffiths & Piercey-Normore,
1995 [NE] (Aquifoliaceae)
Phytomyza opacae Kulp, 1968 [NE] (Aquifoliaceae)
Phytomyza verticillatae Kulp, 1968 [NE] (Aquifoliaceae)
Phytomyza vomitoriae Kulp, 1968 [NE] (Aquifoliaceae)
19. agromyzina group
Phytomyza abeliae Sasakawa, 1961 [PA] (Caprifoliaceae)

Phytomyza actinidiae (Sasakawa, 1998) comb.n. (Chromatomyia) [PA] (Actinidiaceae)
Phytomyza agromyzina Meigen, 1830 [NE, PA] (Cornaceae)
Phytomyza aizoon Hering, 1932 (Chromatomyia) [PA]
(Saxifragaceae)
Phytomyza alpigenae Hendel, 1925 (Chromatomyia) [PA]
(Caprifoliaceae; periclymeni supersp.)
Phytomyza aprilina Goureau, 1851 (Chromatomyia) [PA]
(Caprifoliaceae)
Phytomyza arctagrostidis (Griffiths, 1980) comb.n.
(Chromatomyia) [NE] (Poaceae; milii supersp.)
Phytomyza beigerae (Griffiths, 1980) comb.n. (Chromatomyia) [PA] (Juncaceae; luzulae supersp.)
Phytomyza blackstoniae (Spencer, 1990) comb.n.
(Chromatomyia) [PA] (Gentianaceae)
Phytomyza californiensis Winkler nom.n. for C. montana Spencer, 1981, preocc. by P. montana Groschke,
1957 [NE]
Phytomyza caprifoliae Spencer, 1969 (Chromatomyia)
[NE] (Caprifoliaceae; periclymeni supersp.)
Phytomyza ceanothi Spencer, 1986 [NE] (Rhamnaceae)
Phytomyza centaurii (Spencer, 1990) comb.n. (Chromatomyia) [PA] (Gentianaceae)
Phytomyza chamaemetabola (Griffiths, 1974) comb.n.
(Chromatomyia) [NE] (Caprifoliaceae; periclymeni
supersp.)
Phytomyza cinnae (Griffiths, 1980) comb.n. (Chromatomyia) [NE] (Poaceae; milii supersp.)
Phytomyza crawfurdiae Sasakawa, 1954 (Chromatomyia)
[PA] (Gentianaceae)
Phytomyza cygnicollina (Griffiths, 1980) comb.n. (Chromatomyia) [NE] (Juncaceae; luzulae supersp.)
Phytomyza deirdreae Griffiths, 1972 (Chromatomyia)
[NE, PA] (Saxifragaceae)
Phytomyza doolittlei (Spencer, 1986) comb.n.
(Chromatomyia) [NE]
Phytomyza flavida (Spencer, 1986) comb.n. (Chromatomyia) [NE]
Phytomyza fricki (Griffiths, 1974) comb.n. (Chromatomyia) [NE] (Caprifoliaceae; periclymeni supersp.)
Phytomyza
furcata
(Griffiths,
1980)
comb.n.
(Chromatomyia) [PA] (milii supersp.)
Phytomyza gentianae Hendel, 1920 (Chromatomyia)
[PA] (Gentianaceae)
Phytomyza gentianella Hendel, 1932 (Chromatomyia)
[PA] (Gentianaceae)
Phytomyza gentii Hendel, 1920 (Chromatomyia) [PA]
(Gentianaceae)
Phytomyza glacialis Griffiths, 1964 (Chromatomyia)
[PA] (opacella supersp.)
Phytomyza gregaria Frick, 1954 (Chromatomyia) [NE]
(Caprifoliaceae; periclymeni supersp.)
Phytomyza griffithsella Winkler nom.n. for C. griffithsi
Spencer, 1986, preocc. by P. griffithsi Spencer, 1963 [NE]
Phytomyza hoppiella (Spencer, 1990) comb.n. (Chromatomyia) [PA] (Gentianaceae)
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Phytomyza involucratae Spencer, 1969 (Chromatomyia)
[NE] (Caprifoliaceae; periclymeni supersp.)
Phytomyza isicae Hering, 1962 (Chromatomyia) [PA]
(milii supersp.)
Phytomyza leptargyreae (Griffiths, 1976) comb.n.
(Chromatomyia) [NE] (Elaeagnaceae; merula supersp.)
Phytomyza linnaeae (Griffiths, 1974) comb.n. (Chromatomyia) [NE] (Caprifoliaceae; periclymeni supersp.)
Phytomyza lonicerae Robineau-Desvoidy, 1851 (Chromatomyia) [NE, PA] (Caprifoliaceae)
Phytomyza luzulae Hering, 1924 (Chromatomyia) [PA]
(Juncaceae; luzulae supersp.)
Phytomyza luzulivora (Spencer, 1986) comb.n. (Chromatomyia) [NE] (luzulae supersp.)
Phytomyza merula Spencer, 1969 (Chromatomyia) [NE]
(Elaeagnaceae; merula supersp.)
Phytomyza milii Kaltenbach, 1864 (Chromatomyia) [PA]
(Poaceae; milii supersp.)
Phytomyza mitchelli (Spencer, 1986) comb.n. (Chromatomyia) [NE] (luzulae supersp.)
Phytomyza mitellae Griffiths, 1972 (Chromatomyia)
[NE] (Saxifragaceae)
Phytomyza nervi Groschke, 1957 (Chromatomyia) [PA]
(Caprifoliaceae)
Phytomyza nigrilineata (Griffiths, 1974) comb.n.
(Chromatomyia) [NE] (Caprifoliaceae; periclymeni supersp.)
Phytomyza norwegica Rydén, 1957 (Chromatomyia)
[NE, PA] (Poaceae; milii supersp.)
Phytomyza opacella Hendel, 1935 (Chromatomyia) [NE,
PA] (Poaceae; opacella supersp.)
Phytomyza periclymeni de Meijere, 1924 (Chromatomyia) [PA] (Caprifoliaceae; periclymeni supersp.)
Phytomyza primulae Robineau-Desvoidy, 1851 (Chromatomyia) [PA] (Primulaceae)
Phytomyza pseudogentii Beiger, 1972 (Chromatomyia)
[PA] (Gentianaceae)
Phytomyza pseudomilii (Griffiths, 1980) comb.n.
(Chromatomyia) [NE, PA] (Poaceae; milii supersp.)
Phytomyza qinghaiensis (Gu, 1991) comb.n. (Chromatomyia) [OR]
Phytomyza ramosa Hendel, 1923 (Chromatomyia) [PA]
(Dipsacaceae)
Phytomyza regalensis Steyskal, 1972 (Chromatomyia)
[NE] (periclymeni supersp.)
Phytomyza rhaetica (Griffiths, 1980) comb.n. (Chromatomyia) [PA] (luzulae supersp.)
Phytomyza saxifragae Hering, 1924 (Chromatomyia)
[PA] (Saxifragaceae)
Phytomyza scabiosae Hendel, 1935 (Chromatomyia) [PA]
(Dipsacaceae)
Phytomyza scabiosarum de Meijere, 1934 (Chromatomyia) [PA] (Dipsacaceae)
Phytomyza scabiosella (Beiger, 2001) comb.n. (Chromatomyia) [PA] (Dipsacaceae)
Phytomyza shepherdiana (Griffiths, 1976) comb.n.
(Chromatomyia) [NE] (Elaeagnaceae; merula supersp.)
Phytomyza skuratowiczi Beiger, 1972 (Chromatomyia)
[PA] (Gentianaceae)
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Phytomyza soldanellae Starý, 1950 (Chromatomyia) [PA]
(Primulaceae)
Phytomyza spenceriana (Griffiths, 1980) comb.n.
(Chromatomyia) [PA] (luzulae supersp.)
Phytomyza styriaca (Griffiths, 1980) comb.n. (Chromatomyia) [PA] (milii supersp.)
Phytomyza succisae Hering, 1922 (Chromatomyia) [PA]
(Dipsacaceae)
Phytomyza suikazurae (Sasakawa, 1993) comb.n. (Chromatomyia) [PA] (Caprifoliaceae)
Phytomyza swertiae Hering, 1937 (Chromatomyia) [PA]
(Gentianaceae)
Phytomyza symphoricarpi (Griffiths, 1974) comb.n.
(Chromatomyia) [NE] (Caprifoliaceae; periclymeni
supersp.)
Phytomyza tiarellae Griffiths, 1972 (Chromatomyia)
[NE] (Saxifragaceae)
Phytomyza torrentium (Griffiths, 1980) comb.n. (Chromatomyia) [NE] (Poaceae; milii supersp.)
Phytomyza tschirnhausi (Griffiths, 1980) comb.n. (Chromatomyia) [PA] (luzulae supersp.)
Phytomyza vernalis Groschke, 1957 (Chromatomyia)
[PA] (Gentianaceae)
Phytomyza vockerothi Winkler nom.n. for C. nigrella
Spencer, 1986, preocc. by P. nigrella Hendel, 1935 [NE]
20. opaca group
Phytomyza calthivora Hendel, 1934 [PA] (Ranunculaceae)
Phytomyza calthophila Hering, 1931 [PA] (Ranunculaceae)
Phytomyza nigripennis Fallén, 1823 [NE, PA]
(Ranunculaceae;?)
Phytomyza opaca Hendel, 1920 [PA]
Phytomyza pummankiensis Spencer, 1976 [PA]
Phytomyza soenderupi Hering, 1941 [PA] (Ranunculaceae)
Phytomyza subrostrata Frey, 1946 [PA] (Ranunculaceae;?)
Phytomyza trolliicaulis Süss, 1989 [PA] (Ranunculaceae)
21. obscura group
Phytomyza beringiana Griffiths, 1975 [NE] (Boraginaceae; symphyti subgrp.)
Phytomyza kugleri Spencer, 1974 [PA] (?)
Phytomyza lithospermi Nowakowski, 1959 [PA]
(Boraginaceae; symphyti subgrp.)
Phytomyza lycopi Nowakowski, 1959 [PA] (Lamiaceae;
nepetae subgrp.)
Phytomyza malaca Spencer, 1981 [NE] (?)
Phytomyza mertensiae Sehgal, 1971 [NE] (Boraginaceae;
symphyti subgrp.)
Phytomyza myosotica Nowakowski, 1959 [PA] (Boraginaceae; symphyti subgrp.)
Phytomyza nepetae Hendel, 1922 [NE, PA] (Lamiaceae;
nepetae subgrp.)
Phytomyza nowakowskiana Beiger, 1975 [PA] (Boraginaceae; symphyti subgrp.)
Phytomyza obscura Hendel, 1920 [PA] (Lamiaceae;
obscura subgrp.)
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Phytomyza origani Hering, 1931 [PA] (Lamiaceae; obscura subgrp.)
Phytomyza ovalis Griffiths, 1975 [NE] (Boraginaceae;
symphyti subgrp.)
Phytomyza petiolaris Griffiths, 1975 [NE] (Boraginaceae; symphyti subgrp.)
Phytomyza phaceliae Spencer, 1981 [NE] (Boraginaceae;
symphyti subgrp.)
Phytomyza pulmonariae Nowakowski, 1959 [PA] (Boraginaceae; symphyti subgrp.)
Phytomyza rhodopaea Beiger, 1979 [PA] (Boraginaceae;
symphyti subgrp.)
Phytomyza symphyti Hendel, 1935 [PA] (Boraginaceae;
symphyti subgrp.)
Phytomyza tetrasticha Hendel, 1927 [PA] (Lamiaceae;
obscura subgrp.)
22. aquilegiae group
Phytomyza aquilegiae Hardy, 1849 [PA] (Ranunculaceae)
Phytomyza
aquilegiana
Frost,
1930
[NE]
(Ranunculaceae)
Phytomyza aquilegioides Sehgal, 1971 [NE] (Ranunculaceae)
Phytomyza camuna Süss & Moreschi, 2005 [PA]
(Ranunculaceae)
Phytomyza columbinae Sehgal, 1971 [NE] (Ranunculaceae)
Phytomyza platonoffi Spencer, 1976 [PA]
Phytomyza plumiseta Frost, 1924 [NE] (Ranunculaceae)
Phytomyza sonorensis Spencer, 1981 [NE] (Ranunculaceae)
Phytomyza thalictricola Hendel, 1925 [PA] (Ranunculaceae)
23. buhriana group
Phytomyza buhriana Hering, 1949 [PA] (Ranunculaceae)
Phytomyza malaisei Zlobin, 2002 [OR]
Phytomyza yasumatsui (Sasakawa, 1955) [PA] (Ranunculaceae)
24. knowltoniae group
Phytomyza clematisi Spencer, 1964 [AF] (Ranunculaceae)
Phytomyza
knowltoniae
Hering,
1957
[AF]
(Ranunculaceae)
Phytomyza natalensis Spencer, 1964 [AF] (Ranunculaceae)
Phytomyza philoclematidis Hering, 1957 [AF]
(Ranunculaceae;?)
Phytomyza ranunculina Spencer, 1963 [AF] (Ranunculaceae)
Phytomyza vitalbella Hering, 1957 [AF] (Ranunculaceae;?)
Unplaced species in Phytomyza sensu stricto
Phytomyza abdita Hering, 1927 [PA] (Lamiaceae; isolated)
Phytomyza abdominalis Zetterstedt, 1848 [PA] (Ranunculaceae; aquilegiae clade)
Phytomyza aconitella Hendel, 1934 [PA] (Ranunculaceae; possibly aquilegiae clade)

Phytomyza aconiti Hendel, 1920 [NE, PA] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza aconitophila Hendel, 1927 [PA] (Ranunculaceae; aquilegiae clade)
Phytomyza actaeae Hendel, 1922 [PA] (Ranunculaceae;
aquilegiae clade)
Phytomyza africana Spencer, 1959 [AF] (n.m.)
Phytomyza akebiae (Sasakawa, 1954) [PA] (Lardizabalaceae; n.m., possibly agromyzina grp.)
Phytomyza alamedensis Spencer, 1981 [NE]
Phytomyza albifrons Groschke, 1957 [PA] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza alpestris Hendel, 1920 [PA]
Phytomyza alysicarpi Singh & Ipe, 1968 (Chromatomyia)
[OR] (syngenesiae or agromyzina grp.)
Phytomyza anderi (Rydén, 1952) [PA] (aquilegiae clade)
Phytomyza anemonantheae Spencer, 1969 [PA] (Ranunculaceae; aquilegiae clade)
Phytomyza anemonivora Spencer, 1969 [NE] (Ranunculaceae; albipennis clade?)
Phytomyza antennata Spencer, 1960 [PA]
Phytomyza aphyllae Beiger, 1964 [PA] (Plantaginaceae;
isolated)
Phytomyza atripalpis Aldrich, 1929 [NE] (Ranunculaceae; n.m.)
Phytomyza auricornis Frost, 1927 [NE] (aquilegiae clade)
Phytomyza bicolor Coquillett, 1902 [NE] (nr. rufipes
grp.)
Phytomyza boulderella Spencer, 1986 [NE]
Phytomyza brevicornis Hendel, 1934 [PA]
Phytomyza burmensis Zlobin, 2002 [OR] (n.m.)
Phytomyza caffra Macquart, 1846 [AF]
Phytomyza calthae Hering, 1924 [PA] (Ranunculaceae;
possibly aquilegiae clade)
Phytomyza canadensis Spencer, 1969 [NE] (n.m.)
Phytomyza catalaunica Spencer, 1960 [PA]
Phytomyza ceylonensis Spencer, 1975 [OR] (n.m.)
Phytomyza chrysocera Hendel, 1935 [PA]
Phytomyza cirrhosae Spencer, 1969 [PA] (Ranunculaceae; nr. hendeli grp.?)
Phytomyza
clematidella
Spencer,
1959
[AF]
(Ranunculaceae; n.m.)
Phytomyza clematidicaulis Hering, 1958 [PA] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza clematidophoeta Spencer, 1969 [NE]
(Ranunculaceae; aquilegiae clade)
Phytomyza clematiphaga Spencer, 1969 [NE] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza clematisana Spencer, 1981 [NE] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza coloradella Spencer, 1986 [NE]
Phytomyza compta (Spencer, 1986) comb.n. (Chromatomyia) [NE] (robustella grp.?)
Phytomyza conglomerata Boucher & Wheeler, 2001 [NE]
Phytomyza cornuta Hendel, 1935 [PA]
Phytomyza cytisi Brischke, 1881 [PA] (Fabaceae;
isolated)
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Phylogeny of Phytomyza (Agromyzidae)
Phytomyza davisii (Walton, 1912) [NE] (Ranunculaceae;
aquilegiae clade)
Phytomyza deflecta Hendel, 1920 [PA]
Phytomyza delphinivora Spencer, 1969 [NE] (Ranunculaceae; isolated)
Phytomyza deutziae Sasakawa, 1957 [PA] (Hydrangeaceae; n.m.; agromyzina grp.?)
Phytomyza disjuncta Sasakawa, 1961 [PA]
Phytomyza disjunctivena Gu, 1991 [OR] (albiceps/spondylii grps.)
Phytomyza dryas Hering, 1937 [PA]
Phytomyza duplex Spencer, 1986 [NE] (aquilegiae clade)
Phytomyza echo Winkler nom.n. for P. manni Spencer,
1986, preocc. by N. manni Spencer, 1986 [NE] (albipennis
clade)
Phytomyza edmontonensis Sehgal, 1971 [NE]
Phytomyza epistomella Hendel, 1935 [PA]
Phytomyza esakii Sasakawa, 1955 [PA] (Ranunculaceae;
possibly aquilegiae clade)
Phytomyza evansi Spencer, 1986 [NE] (albiceps/spondylii
grps.)
Phytomyza exilis Hering, 1937 [PA]
Phytomyza felix Spencer, 1981 [NE] (isolated)
Phytomyza fennoscandiae Spencer, 1976 [PA] (nr. murina; atomaria grp.?)
Phytomyza ferruginea Hendel, 1935 [PA]
Phytomyza fimbriata Sasakawa, 1955 [PA] (Balsaminaceae; n.m.; ¼ Phytoliriomyza?)
Phytomyza flaviantennalis Spencer, 1981 [NE]
Phytomyza flavifacies Hendel, 1935 [PA]
Phytomyza flavinervis Frost, 1924 [NE]
Phytomyza flexuosa Spencer, 1986 [NE] (aquilegiae
clade)
Phytomyza formosae Spencer, 1966 [OR]
Phytomyza gilva Spencer, 1971 [PA]
Phytomyza grisescens Hendel, 1920 [PA] (isolated)
Phytomyza hedickei Hering, 1927 [PA]
Phytomyza heringiana Hendel, 1922 [PA] (Rosaceae;
agromyzina grp.?)
Phytomyza heterophyllii Bland, 1997 [PA] (Asteraceae;
isolated)
Phytomyza himachali Singh & Garg, 1970 [OR]
Phytomyza hyaloposthia Sasakawa, 1986 [PA]
Phytomyza hydrangeae Sasakawa, 1956 [PA] (Hydrangeaceae; agromyzina grp.?)
Phytomyza jugalis Hendel, 1935 [PA]
Phytomyza kamtschatkensis Hendel, 1935 [PA]
Phytomyza kareliensis Spencer, 1976 [PA]
Phytomyza kasi Henshaw, 1989 [NE] (albipennis clade)
Phytomyza klondikensis Boucher & Wheeler, 2001 [NE]
(aquilegiae clade)
Phytomyza kumaonensis Singh & Ipe, 1968 [OR] (Ranunculaceae)
Phytomyza lappivora Hendel, 1927 [PA] (Asteraceae; nr.
hendeli grp.?)
Phytomyza latifrons Hendel, 1935 [PA]
Phytomyza ligusticifoliae Spencer, 1981 [NE] (Ranunculaceae; n.m.)
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Phytomyza lupinivora Sehgal, 1968 [NE] (Fabaceae;
n.m.)
Phytomyza lusatica Hering, 1955 [PA]
Phytomyza masoni Spencer, 1986 [NE] (aquilegiae clade)
Phytomyza melanella Frost, 1924 [NE] (albiceps/spondylii grps.)
Phytomyza melanogaster Thomson, 1869 [NT] (albipennis clade?)
Phytomyza melanosoma Hendel, 1920 [PA]
Phytomyza meridionalis Spencer, 1972 [PA]
Phytomyza minutissima Spencer, 1981 [NE] (isolated)
Phytomyza miranda Spencer, 1969 [NE] (isolated)
Phytomyza modica Spencer, 1969 [NE] (aquilegiae clade)
Phytomyza murina Hendel, 1935 [PA] (Ranunculaceae;
atomaria grp.?)
Phytomyza nagvakensis Spencer, 1969 [NE] (aquilegiae
clade)
Phytomyza narcissiflorae Hering, 1928 [PA] (Ranunculaceae; n.m.)
Phytomyza nepalensis Spencer, 1965 [OR]
Phytomyza nervosa Loew, 1869 [NE]
Phytomyza nigrella Hendel, 1935 [PA]
Phytomyza nigricoxa Hendel, 1935 [PA] (Ranunculaceae; albipennis clade?)
Phytomyza nigrita Spencer, 1960 [PA]
Phytomyza nigritella Zetterstedt, 1848 [PA]
Phytomyza nigrociliata Sasakawa, 1961 [PA, OR]
Phytomyza nigroclypea Hendel, 1935 [PA]
Phytomyza nilgiriensis Ipe, 1971 [OR] (Asteraceae)
Phytomyza nishijimai Sasakawa, 1955 [PA] (Cornaceae;
possibly aquilegiae clade)
Phytomyza novitzkyi Hering, 1958 [PA] (Ranunculaceae;
aquilegiae clade)
Phytomyza obscurata Hendel, 1920 [PA]
Phytomyza obscuriceps Hendel, 1935 (Chromatomyia)
[PA] (syngenesiae or agromyzina grp.)
Phytomyza ochracea Hendel, 1920 (Chromatomyia) [PA]
(syngenesiae or agromyzina grp.)
Phytomyza oenanthica Hering, 1949 [PA] (Apiaceae;
n.m.)
Phytomyza oreophila (Franz, 1947) [PA]
Phytomyza oxytropidis Sehgal, 1971 [NE] (Fabaceae)
Phytomyza pallipes Spencer, 1969 [NE] (n.m.)
Phytomyza palpata (Hendel, 1920) [PA]
Phytomyza pampeana Blanchard, 1954 [NT] (Ranunculaceae; isolated)
Phytomyza parvicella (Coquillett, 1902) [NE, PA] (Papaveraceae; isolated)
Phytomyza perangusta Sasakawa, 1972 (Chromatomyia)
[OR] (syngenesiae or agromyzina grp.)
Phytomyza permutata Hering, 1962 [PA]
Phytomyza persicae Frick, 1954 [NE] (Rosaceae; agromyzina grp.?)
Phytomyza phellandrii Hering, 1957 [PA] (Apiaceae;
n.m.)
Phytomyza phillyreae Hering, 1930 [PA] (Oleaceae;
Aulagromyza?)
Phytomyza pilescens Singh & Ipe, 1973 [OR]
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Phytomyza platystoma (Hendel, 1920) [PA]
Phytomyza polysticha Hendel, 1935 [PA] (n.m.)
Phytomyza poppii Rydén, 1951 [PA] (n.m.)
Phytomyza prava Spencer, 1969 [NE] (aquilegiae clade)
Phytomyza pubicornis Hendel, 1920 [PA] (Apiaceae;
isolated)
Phytomyza pulchelloides Henshaw, 1989 [NE] (possibly
aquilegiae clade)
Phytomyza pulchra Hendel, 1920 [PA]
Phytomyza pulsatillicola Hering, 1962 [PA] (Ranunculaceae; aquilegiae clade)
Phytomyza pusilla (Forster, 1891) [PA]
Phytomyza quadriseta Sasakawa, 1972 [OR] (albiceps/
spondylii grps.)
Phytomyza queribunda Spencer, 1969 [NE] (aquilegiae
clade)
Phytomyza ranunculicola Hering, 1949 [PA] (Ranunculaceae; aquilegiae clade)
Phytomyza ranunculiphila Zlobin, 1993 [PA] (aquilegiae
clade)
Phytomyza rhodiolae Griffiths, 1976 [NE, PA] (Crassulaceae; possibly aquilegiae clade)
Phytomyza rydeni Hering, 1934 [PA] (Ranunculaceae;
aquilegiae clade)
Phytomyza rydeniella Spencer, 1976 [PA] (n.m.)
Phytomyza saskatoonensis Spencer, 1969 [NE] (aquilegiae clade)
Phytomyza scaligerae Hering, 1967 [PA]
Phytomyza schuetzei Hering, 1955 [PA]
Phytomyza sedi Kaltenbach, 1869 [PA] (Crassulaceae;
possibly aquilegiae clade)
Phytomyza sehgali Spencer, 1969 [NE] (spondylii grp.?)
Phytomyza seseleos Hering, 1957 [PA] (Apiaceae; n.m.)
Phytomyza sibirica Hendel, 1935 [PA]
Phytomyza smyrnii Spencer, 1954 [PA] (Apiaceae; n.m.)
Phytomyza socia Brischke, 1881 [PA] (Ranunculaceae;
aquilegiae clade)
Phytomyza soenderupiella Spencer, 1976 [PA] (Ranunculaceae; albipennis clade?)
Phytomyza sorosi Zlobin, 1994 [PA]
Phytomyza splendida Spencer, 1981 [NE]
Phytomyza subaquilegiana Zlobin, 1997 [NE] (Fabaceae;
aquilegiae clade)
Phytomyza subtilis Spencer, 1969 [NE] (Fabaceae; aquilegiae clade)
Phytomyza takasagoensis Sasakawa, 1972 [OR]
Phytomyza takhiniensis Boucher & Wheeler, 2001 [NE]
(aquilegiae clade)

Phytomyza tamui Sasakawa, 1957 [PA] (Ranunculaceae;
possibly aquilegiae clade)
Phytomyza timida Spencer, 1969 [NE] (aquilegiae clade)
Phytomyza tomentella Sasakawa, 1972 [OR]
Phytomyza trichopsis Hendel, 1935 [PA]
Phytomyza trollii Hering, 1930 [PA] (Ranunculaceae;
isolated)
Phytomyza trolliophila Hering, 1949 [PA] (Ranunculaceae; possibly aquilegiae clade)
Phytomyza trolliovora Hering, 1935 [PA] (Ranunculaceae; aquilegiae clade?)
Phytomyza tropica Spencer, 1961 [OR]
Phytomyza tucumana Blanchard, 1954 [NT]
Phytomyza uncinata Sasakawa, 1986 [PA]
Phytomyza urbana Spencer, 1969 [NE] (Fabaceae; aquilegiae clade)
Phytomyza valida Sasakawa, 1972 [OR]
Phytomyza venerabilis Spencer, 1977 [AU]
Phytomyza veratri Hering, 1941 [PA]
Phytomyza virosae Pakalniškis, 2000 [PA] (Apiaceae)
Phytomyza williamsoni Blanchard, 1938 [NT] (Ranunculaceae; isolated)
Phytomyza xiphochaeta Hendel, 1935 [PA] (albipennis
clade?)
Phytomyza xiphochaetoides Zlobin, 1999 [PA]
Phytomyza species unplaced to subgenus:
mimuli group
Phytomyza castillejae Spencer, 1973 (Chromatomyia)
[NE,NT] (Orobanchaceae)
Phytomyza eriodictyi (Spencer, 1981) comb.n. (Chromatomyia) [NE] (Boraginaceae)
Phytomyza mimuli (Spencer, 1981) comb.n. (Chromatomyia) [NE] (Boraginaceae, Phrymaceae, Lamiaceae)
Phytomyza omphalivora (Sasakawa, 1993) comb.n.
(Chromatomyia) [PA] (Boraginaceae;?)
Phytomyza platensis Brèthes, 1923 (Chromatomyia) [NT]
(Lamiaceae)
scolopendri group
Phytomyza cheilanthus Garg, 1971 (Chromatomyia) [OR]
(Adiantaceae)
Phytomyza dorsata Hendel, 1920 (Chromatomyia) [PA]
(Aspleniaceae)
Phytomyza dryoptericola Sasakawa, 1961 (Chromatomyia) [PA] (Dryopteridaceae, Aspleniaceae)
Phytomyza scolopendri Goureau, 1851 (Chromatomyia)
[PA] (Polypodiaceae, Aspleniaceae)
Unplaced in Phytomyza
Phytomyza gymnostoma Loew, 1858 [PA] (Alliaceae)
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