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Abstract.—DNA sequence studies revealed two additional species of Neodiprion in eastern United States, and morphological studies support their recognition. One, which is sympatric with and morphologically similar to Neodiprion
abbotii (Leach) in southeastern United States, is recognized as Neodiprion
fabricii (Leach), revised status. The larvae feed on Pinus taeda L. and P. echinata
Miller. The other, described as Neodiprion knereri Linnen and Smith, n. sp., on
Pinus clausa (Chapm. ex Englem.) in Florida, is close to Neodiprion virginiana
Rohwer.
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Species of Neodiprion are coniferfeeding sawﬂies for which 31 species have
been recognized in North America north
of Mexico (Smith 1979). Many species
are very similar morphologically, and the
main characters for species differentiation
are in the female ovipositor. For some,
associated larvae and biological data
also are needed (Ross 1955, Smith and
Wagner 1986). Genetic and biological
studies by CRL on Neodiprion (Linnen
and Farrell 2007, 2008, 2010), provided
evidence for the existence of two additional pine-feeding species in eastern
United States. Both are morphologically
similar to and have been confused with
currently recognized species, one near
Neodiprion abbotii (Leach) and the other
near Neodiprion virginiana Rohwer. Both

are probably masquerading under those
species in collections. Subsequent morphological studies revealed some consistent morphological characters that support
the recognition of these species, and we
recognize them here.
The species confused with N. abbotii
was listed as “N. species” from Virginia
and Tennessee to Florida on P. taeda
and P. echinata by Linnen and Farrell
(2007, 2008, 2010), and the name N.
fabricii (Leach), previously considered
a synonym of N. abbotii (Smith 1979),
was found to be available for it. The species similar to N. virginiana, given as “N.
virginiana FL” from Florida on P. clausa
by Linnen and Farrell (2007) and “N.
species 2” in Linnen and Farrell (2008,
2010), is described as Neodiprion knereri.
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MATERIALS

AND

METHODS

DNA sequence data were obtained for
three nuclear loci (elongation factor-1a,
1094 bp; rudimentary, 916 bp; anonymous
nuclear locus 43, 776 bp) for multiple
populations of N. fabricii (11 populations),
N. knereri, n. sp. (3 populations), and
17 additional species in the lecontei
clade (1–14 populations per species) as
described by Linnen and Farrell (2007,
2008; GenBank accession numbers
EF361837 to EF362376). While mitochondrial sequence data were also obtained, these data were not used because
mitochondrial genes introgress readily
in this genus and are therefore unreliable
for resolving species boundaries (Linnen
and Farrell 2007). The three nuclear genes
were concatenated and phylogenetic trees
were estimated for this combined dataset
using a Bayesian approach as described in
Linnen and Farrell (2007). To evaluate
evidence for the recognition of N. fabricii
and N. knereri as genetically distinct
species, we performed Bayesian tests of
monophyly, in which hypothesized groupings are rejected if present in less than
5% of the trees obtained in a Bayesian
analysis (Miller et al. 2002, Buschbom
and Barker 2006). Speciﬁcally, we asked
whether we could statistically reject the
following hypotheses: (1) N. knereri and
N. virginiana represent a single species,
and (2) N. fabricii and N. abbotii represent a single species. Implementation
of Bayesian tests of monophyly is described in more detail in Linnen and
Farrell (2007).
Images of the female ovipositors were
obtained using an EntoVision Imaging
Suite that included a firewire JVC KY-75
3CCD digital camera mounted to a Leica
M16 zoom lens via a Leica z-step microscope stand. Multiple focal planes were
merged using Cartograph 5.6.0 (Microvision Instruments, France) software.
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Acronyms used for depositories are as
follows: National Museum of Natural History, Smithsonian Institution, Washington,
DC, USA (USNM); Museum of Comparative Zoology, Harvard University, Cambridge, MA, USA (MCZ); The Natural
History Museum, London, UK (BMNH);
Academy of Natural Sciences, Philadelphia,
PA, USA (ANSP); and Canadian National
Collection of Insects, Ottawa, ON, Canada
(CNC).
RESULTS
A phylogenetic analysis of the lecontei
clade (Linnen and Farrell (2007, 2008,
2010) revealed that both N. fabricii and
N. knereri form strongly supported (posterior probability = 100%), monophyletic
groups (Fig. 1). Moreover, the hypotheses
that N. abbotii + N. fabricii and N. virginiana + N. knereri represent two monophyletic species can be statistically rejected at
P < 0.0001 in both cases. Together, these
results support the recognition of N. fabricii
and N. knereri as distinct from N. abbotii
and N. virginiana. Morphological evidence,
though slight but comparable with species
separation for many Neodipiron species,
was found to be consistent and worthwhile
for recognition of these species.
Neodiprion fabricii (Leach),
revised status
(Figs. 1, 3, 7)
Lophyrus Fabricii Leach 1817: 120;
Ross 1955: 202 (as synonym of N. abbotii).
Neodiprion n. sp. or n. sp. 1: Linnen
and Farrell 2007, 2008, 2010.
Female.—Length, 8.0–8.3 mm. Antenna
black. Head reddish brown with inverted
U-shaped black stripe from antennal
sockets through front ocellus. Thorax
with pronotum white, mesonotum black
with mesoscutellum white to yellow,
and V-shaped reddish-brown mark on
prescutum and lateral margins of lateral
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lobes reddish brown; mesopleuron and
metapleuron reddish brown; mesosternum
black. Legs mostly reddish brown; femora
darker to black and extreme bases of tibia
white. Abdomen mostly black above with
reddish brown at apex of basal plates, on
tergite 2, and segments 7 and 8; laterally
with white longitudinal stripe; sternites
mostly reddish brown, black laterally.
Wings hyaline; veins and stigma amber.
Lancet (Fig. 3) with 10 annuli; annulus
1 short, with about 6 teeth; distance between annuli 1 and 2 slightly shorter than
distance between annuli 2 and 3; annuli
1–3 sharply slanted, somewhat divergent
from annulus 4; serrula 1 rounded at apex.
Male.—Unknown.
Specimens examined.—GEORGIA:
Athens-Clarke Co., Athens, UGA intramural fields (33.9326°N, 83.3729°W)
190 m, 28.iv.2004, C. Linnen [021-04],
[021-04] Pinus taeda, Cocoon: 2.v.04,
emerged: 25.v.04, 021-04F1 (1♀), same
data except [020-04], [020-04 Pinus taeda,
emerged: 17.v.04, 020-04 F1 (1 ♀);
Jefferson Co., N of Wrens on 17 (33.3302°N,
82.4542°W) 120 m, 28.iv.2004, C. Linnen
& C. Asaro [016-04], [016-04] Pinus
taeda, Cocoon: 2.v.04, emerged: 28.v.04,
016-04F1” (1♀), same data except 01604F2, emerged 1.vi.04 (1♀). FLORIDA:
Gadsden Co., NE of Greensboro at I10/12
(30.5784°N, 84.7001°W) 70 m, 14.
vii.2004, C. Linnen [095-04], [095-04]
Pinus taeda, Cocoon: 18.vii.04, emerged:
11.viii.04, 095-04 TAN (1 ♀), same data
except 095-04F1 N-nrabb, Emerged 8.
viii.04 (1 ♀); Gadsden Co., S of Greensboro

b
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on SR 12 (30.8847°N, 84.7787°W)
80 m, 14.vii.2004, C. Linnen [090-04],
[091-04] Pinus taeda, Cocoon: 19.vii.04;
didn’t emerge, dissected out, 091-04 11/
22.04 D♀dl (1 ♀). NORTH CAROLINA:
Craven Co., NW of New Bern on I-70,
rest stop (35.1366°N, 77.171°W) 0 m,
2.v.2004, C. Linnen [037-04], [037-04]
Pinus taeda, Cocoon: 13.v.04, emerged:
26.v.04, 037-04F2 (1 ♀), same data except 037-04F3, emerged 26.v.04 (1♀),
same data except 037-04F5, emerged 26.
v.04 (1 ♀), same data except 037-04F1,
emerged 28.v.04 (1 ♀). TENNESSEE:
Cumberland Co., W of Crossville on I-40
(36.0175°, 85.0738°W) 540 m, 19.vii.2004,
C. Linnen [117-04], [117-04] Pinus taeda,
Cocoon: 23.vii.04, emerged: 8.viii.04,
117-04F3 (1 ♀), same data except 11704F5 Nnrabb, emerged 6.viii.04 (1 ♀);
same data except 117-04F4, emerged
8.viii.04 (1 ♀;), same data except 11704F1, emerged 8.viii.04 (1 ♀), same data
except 117-04 Brown AB, emerged 11.viii.
04 (1 ♀); Rutherford Co., Murfreesboro,
motel parking lot off I-24 (35.8105°N,
86.3988°W) 200 m, 18.vii.2004, C. Linnen
[107-04], [107-04] cocoon on Pinus taeda,
107-04 18.vii.04 (3 ♀), same data except 107-04F1, emerged 29.vii.04 (1 ♀);
Rutherford Co., N of Murfreesboro on
I-24 (35.9332°N, 86.5323°W) 170 m, 18.
vii.2004, C. Linnen [109-04], [109-04]
Pinus taeda, Cocoon: 20.vii.04, emerged:
16.viii.04, 190-04 Brown (1 ♀); Roane
Co., truck area W of Rockwood on I-40
(35.9°N, 84.7794°W) 490 m, 19.vii.2009,
C. Linnen [120-04.1], [120.04.1] Pinus

Fig. 1. Bayesian phylogram obtained from analysis of three nuclear genes for multiple North
American Neodiprion species (modiﬁed from Linnen and Farrell 2007). Only members of the monophyletic “A” clade are shown (12 of 19 species; see Linnen and Farrell 2008). Values above each node are
Bayesian posterior probabilities, species names and sampling locations are indicated at the branch tips
(abbreviations refer to U.S. states and Canadian provinces). Vertical bars denote the four species that are
discussed in the text (solid bars = new or newly resurrected species; dashed bars = morphologically
similar species). There is strong support (posterior probability = 100%) for the monophyly of each of
these four species (see circled values).
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Figs. 2–5. Female ovipositors. 2, Neodiprion abbotii, holotype. 3, N. fabricii, holotype. 4, N. virginiana, holotype. 5, N. knereri, holotype.
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Figs. 6–9.
knereri.
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Larvae, lateral views. 6, Neodiprion abbotii. 7, N. fabricii. 8, N. virginiana. 9, N.

echinata, Cocoon: 26.vii.04, emerged:
20.viii.04, 120-04B F1 N.nr.aBB (1 ♀),
same data except 120-04B Brown, emerged
13.viii.04 (1 ♀); Smith Co., Gordonsville,
off I-40 (36.1793°N, 85.9456°W) 260 m,
20.iv.2004, C. Linnen [006-04], [006-04]

Pinus taeda, Cocoon: 13.v.04, emerged:
11.vi.04, 006-04 F1 (1 ♀). VIRGINIA:
Dinwiddie Co., Dinwiddie on 226
(37.2094°N, 77.4744°W) 60 m, 4.v.2004,
C. Linnen [061-04], [061-04] Pinus
taeda, Cocoon: 24.v.04, emerged: 14.
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x.04, 061-04 Brown (1 ♀). Deposited in
MCZ and USNM.
Hosts.—Pinus taeda L., P. echinata
Miller.
Discussion.—Neodiprion fabricii runs
to couplet 9 of Ross’ (1955) key which
includes N. abbotii and N. nigroscutum
Middleton, all three of which are distinguished from other Neodiprion species by
the short ﬁrst annulus with only 6–8 teeth.
Neodiprion nigroscutum has annulus 2
short and not projecting beyond the
membrane (Ross 1955: ﬁg. 10) and thus
is readily separated from N. abbotii and
N. fabricii. Neodiprion fabricii and N.
abbotii have a normal ventral tooth (Figs.
2, 3). Neodiprion fabricii is distinguished
from N. abbotii by the following characters of the lancet (see Figs. 2, 3): serrula
of ﬁrst annulus rounded versus truncate
in N. abbotii; distance between ﬁrst and
second annuli slightly shorter than distance between second and third annuli
(measured at dorsum) versus subequal in
N. abbotii; and second and third annuli
slanted, slightly divergent from ﬁrst and
fourth annuli versus straighter and parallel
with ﬁrst and fourth annuli in N. abbotii.
Overall, late-instar larvae of N. abbotii
versus N. fabricii are similar in appearance
(Figs. 6, 7). Both have brown to black
head capsules, often with a light spot in the
middle of the face and a light band across
the lower part of the face, and greenish
stripes on a whitish body. Both have distinct subdorsal and supraspiracular stripes
and distinct stripes above the prolegs, in
the pleural area. Epiproctal spots are variable in both species, ranging from nearly
absent, to present as lateral marks, to spots
that are divided only along the middorsal
line, although these still tend to be lighter
than those found in other species with
distinct epiproctal spots. The main difference between the two is the extent of
markings in the epipleural area. In N.
abbotii (Fig. 6), these tend to be absent

to at most present as faint, discontinuous
markings in the epipleural area; in N.
fabricii (Fig. 7), there is almost always
a thick, dark stripe in the epipleural area.
Ross (1955) states that the larva of N.
abbotii has a pale spot on front of the dark
head, but this is present in both species.
The color of the eggs of N. fabricii and
N. abbotii, as visible through the abdomen,
also differs. The eggs (and abdomens) of
N. abbotii females are a bright green color,
whereas those of N. fabricii lack this green
pigment and as a result, the female abdomens appear tan.
Excluding N. nigroscutum, seven names
are available for the two species (see
synonymy of N. abbotii in Smith 1979)
(depository in parenthesis): Lophyrus
abbotii Leach 1817: 120 from “America
(Georgia)” (BMNH); Lophyrus fabricii
Leach 1817: 120 from “America (Georgia)”
(BMNH); Lophyrus americanus Leach
1817: 120 from “America (Georgia)”
(BMNH); Lophyrus rileyi Cresson 1880:
25 from “Florida” (ANSP); Neodiprion
(Neodiprion) eximina Rohwer 1921: 92
from Tomahawk Lake, WI, on Pinus
resinosa (USNM); Neodiprion (Neodiprion) ferrugineum Middleton 1933: 82
from Biscotasing, Ontario (USNM); and
Neodiprion ﬂemingi Peck in Atwood and
Peck 1943: 121 from Quebec, on Pinus
banksiana (CNC). DRS has examined the
types, type slides, and/or photographs of
the ovipositors of types or paratypes of
each of these species and found that only
N. fabricii applies to the species described
above. Lophyrus fabricii is therefore removed from the synonymy under N.
abbotii and applied to this species.
Neodiprion knereri
Linnen and Smith, new species
(Figs. 1, 5, 9)
N. virginiana FL or N. species 2:
Linnen and Farrell 2007, 2008, 2010.
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Female.—Length, 7.9–8.1mm. Antenna
black, with narrow inverted U-shaped band
from antennal sockets through front ocellus. Thorax with propleuron dark brown;
pronotum whitish yellow with narrow anterior margin black; rest of thorax reddish
brown with darker to black spots at sides
of mesoprescutum. Legs mostly reddish
brown except bases of coxae black and
trochanters and extreme apices of femora
and extreme bases of tibiae white. Wings
hyaline; veins and stigma amber.
Antenna with 18 antennomeres, length
slightly shorter than head width, as 0.9:1.0.
Lancet (Fig. 5) with 9 annuli; distance
between annuli 1 and 2 subequal to distance between annuli 2 and 3; annuli 1 and
2 subparallel; annuli 2 and 3 relatively
straight; annulus 1 with about 12 teeth.
Male.—Unknown.
Types.—Holotype female, labeled “USA:
FL: Alachua Co., SW of Archer on NE
130 Ave.; (29.5173°N, 82.5568°W) 50 m,
13.vii.2004, C. Linnen & D. Conser [09004]”, “[090-04] Pinus clausa, Cocoon:
18.vii.04, Emerged: 5.viii.04”, “09004F3” (MCZ). Paratypes: Same data as
holotype, except last label “090-04F2”
(1 ♀, USNM), “090-04F3” (1 ♀, MCZ).
Host.—Pinus clausa (Chapm. ex
Engelm.).
Etymology.—Named in honor of
Gerd Knerer whose work on Neodiprion
speciation inspired the studies of CRL.
Discussion.—This species will key to
couplet 13, the “virginianus complex”,
in Ross’ (1955) key. The types of both
Neodiprion virginiana Rohwer 1918: 87
(USNM) and its synonym Neodiprion
afﬁnis Rohwer 1918: 88 (USNM) were
checked. Both are the same and differ
from the new species by several lancet
characters that appear consistent in the
specimens examined (Figs. 4, 5). In N.
knereri, the ﬁrst and second annuli are
about the same distance apart as the
second and third annuli (measured on
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dorsum) versus shorter between the ﬁrst
and second in N. virginiana; the ﬁrst and
second annuli are subparallel versus more
divergent in N. virginiana; the second and
third annuli are straighter versus more
curved dorsally in N. virginiana; and the
ﬁrst serrula is slightly more oblique and
pointed at its apex versus ﬂatter and more
rounded in N. virginiana.
From the larvae examined to date,
there appear to be no morphological
characters that can be used to reliably
distinguish between N. virginiana and N.
knereri. Both species (Fig. 8, 9) have
a coal black head, white body, solid (but
faint) subdorsal black line, and broken
supraspiracular line, represented by a
row of spots (not connected by a faint
dark band, c.f. N. excitans Rohwer). Both
species also have a distinct epiproctal
spot that can either be complete or divided along the middorsal line.
Wilkinson (1971, 1978) recorded two
species on Pinus clausa in Florida, N.
excitans Rohwer and “Neodiprion pratti
subsp?”. Re-examination of voucher
specimens conﬁrms that neither are N.
knereri.
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