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Description and Distribution of Pseudoscymnus tsugae sp. nov.
(Coleoptera: Coccinellidae), an Important Predator of Hemlock
Woolly Adelgid in Japan
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ABSTRACT Pseudoscymnus tsugae sp. nov. is described. In Honshu, Japan, it has been col-
lected between 34°11’ and 36°50'N latitude and from sea level to 1,980 m. The adult and the
mature larva are illustrated. The beetle may be a good candidate for the biological control of
hemlock woolly adelgid, Adelges tsugae Annand, in North America.

KEY WORDS Pseudoscymnus tsugae sp. nov., Adelges tsugae, Tsuga spp., biological control,

predator, hemlock.

THE HEMLOCK WOOLLY adelgid, Adelges tsugae An-
nand, native to Japan, is a destructive pest of east-
ern hemlock, Tsuga canadensis (L.) Carriere, in
parts of the eastern United States (McClure 1987,
1989, 1991, 1996). In 1992 the junior author ex-
plored Honshu, Japan, for natural enemies of A.
tsugae that could be used as biological control
agents in North America (McClure 1995a, 1995b).
Among them was an undescribed coccinellid of the
genus Pseudoscymnus. This beetle was widespread
and killed 86-99% of all adelgids wherever it oc-
curred (McClure 1997).

This newly discovered species of Pseudoscymnus
is now being cultured and released into hemlock
forests in Connecticut, where initial studies have
revealed some potential for biological control of A.
tsugae (Cheah and McClure 1996). It has become,
and will likely remain, the focus of biological con-
trol efforts against hemlock woolly adelgid in the
eastern United States. It also will continue to be of
interest to researchers in western North America
and in China, where the adelgid was also intro-
duced, and in its native Japan. This paper estab-
lishes the identity of Pseudoscymnus tsugae sp. nov.
and provides the means for distinguishing it from
other closely related species.

The genus Pseudoscymnus (Scymninae: Scym-
nini) was established by Chapin (1962) to include
some species of Oriental Scymnus (s. lat.). Cur-
rently, 37 species of Pseudoscymnus have been de-
scribed from Asia, Oceania, and Africa (Sasaji
1967). Members of the genus typically are small (3
mm) and specifically eat such homopteran pests as
adelgids, aphids, mealybugs, and scale insects
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(Pang and Gordon 1986). They characteristically
have very short, 9-segmented antennae, a carinate
prosternal process, a prosternum with a very nar-
row basisternum, the 1st abdominal sternum with
an incomplete femoral line, and 3-segmented tarsi
(Sasaji 1971). A key to the 9 species of Pseudoscym-
nus previously known from Japan was provided by
Sasaji (1971).

Pseudoscymnus tsugae Sasaji & McClure,
new species

Adult. Body. Oblong-oval, relatively strongly
convex above, 1.5 times as long as wide, measuring
1.57-1.80 (1.60) by 1.05-1.23 (1.05) mm (Fig. 1A)
(holotype measurements in parentheses). Both
dorsum and venter, including appendages, entirely
black, although antennae slightly brownish. Dorsal
pubescence silvery white, very fine; elytral hairs
smoothly arranged toward the posterior. Abdomen
blackish brown laterally.

Head. 0.67 times width of pronotum; eyes rela-
tively large, interocular distance 0.6 times width of
head. Frons very weakly convex; very densely,
strongly, uniformly punctured; interocular margins
weakly arcuate. Antenna (Fig. 1B) 0.75 times as
long as interocular distance, 9-segmented, terminal
4 segments forming distinct club; basal segment
large, much longer than wide; segment 2 subcylin-
drical, 1.5 times longer than wide; segments 3-5
each nearly as long as wide; segment 6 as long as 5,
strongly thickened apically; segment 7 trapezoidal,
also strongly thickened apically, 1.5 times longer
than 6; segment 8 nearly parallel-sided, as long and
wide as 7; terminal segment (9) small, half as long
as wide. Mandible (Fig. 1C) sharply bifid apically.
Terminal segment of maxillary palpus (Fig. 1D) 1.5
times as long as wide, sides slightly divergent api-
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Fig. 1.

Characters of adult of Pseudoscymnus tsugae sp. nov. (A) Dorsal habitus. (B) Antenna. (C) Mandible. (D)

Maxilla. (E) Right half of first abdominal sternite. The 1.0-mm scale applies to (A), the short 0.1-mm scale applies to

(B)-(D), and the long 0.1-mm scale applies to (E).

cally at basal half; apices strongly, obliquely trun-
cate; preapical segment distinctly transverse,
nearly as wide as terminal segment.

Thorax. Pronotum =~0.7 times as wide as body;
~9.3 times as wide as long and weakly convergent

apically; surface of pronotum finely and densely
punctate, punctation of pronotum somewhat
weaker than that of frons. Pronotum laterally
weakly arcuate, very finely margined; basal corners
obtusely angulate, anterior corners rectangulate.
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Fig. 2. Characters of adult of Pseudoscymnus tsugae sp. nov. (A) Median part of prosternum. (B) Middle leg. (C)
Sixth abdominal sternite. (D) Male genitalia, lateral view. (E) Sipho, lateral view. (F) Tegmen, ventral view. (G)
hemisternite of female. (H) Spermatheca. The short 0.1-mm scale applies to A-D; the long 0.1-mm scale applies to E-H.

Scutellum nearly regular, angulate, small, ~0.05
times as wide as body. Elytra relatively long, ~0.75
times as long as wide; sides weakly arcuate, widest
near basal quarter. Elytral disk very densely punc-
tate and pubescent, but pubescence distinctly
sparser and coarser than on pronotum. Elytral hairs
arranged in smooth arc, not in strongly curved S-
form. Apex of each elytron rounded. Prosternum
with longitudinally oblong median process and

very short lateral wings (Fig. 2A); median process
~(.75 times as wide as long, lateral sides parallel,
distinctly carinate. Mesosternum weakly and arcu-
ately narrowing apically. Metasternal femoral line
moderately arcuate, surface of metasternum
strongly and densely punctate, more dense later-
ally. Legs (Fig. 2B) of moderate length and thick-
ness with no distinct modifications; tarsi trimerous
with dentate claws.
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Fig. 3. Characters of mature (4th) instar of Pseudoscymnus tsugae sp. nov. (A) Dorsal habitus. (B) Mandible. (C)
Antenna. (D) Maxillary palpus. (E) Labium. (F) Apex of front tibiotarsus. The 1.0-mm scale applies to A; the 0.1-mm

scale applies to B-F.

Abdomen. Femoral line of first visible abdominal
sternum (Fig. 1E) incomplete, weakly arcuate, rel-
atively short, lateral, and distant from lateral mar-
gin of sternite; area delineated by femoral line
strongly and uniformly punctate except for narrow
smooth impunctate area near line. Preapical seg-
ment nearly flat at apical margin; apical segment
(visible 6th, morphological 8th; Fig. 2C) widely and
arcuately emarginate at hind margin.

Male Genitalia (Fig. 2 D-F). Sipho extremely
long, very thin, its straight length =~1.9 times longer
than body, semicircular at basal half and weakly
sinuate at apical half; apical modification barely
evident at apical part of sipho. Siphonal capsule
with a long inner process and a much shorter outer
process. Tegmen moderately slender; median por-
tion of tegmen very slender and weakly narrowing
apically as viewed ventrally, its pointed apex deeply
divided; lateral lobe of tegmen (or paramera) very
short, ~0.5 times as long as median portion.

Female Genitalia. Hemisternite (Fig. 2G) elon-
gate trianglar, much longer than wide, with a small
but distinct stylus with thick seta. Receptaculum
seminis (spermatheca) (Fig. 2H) moderately stout,
weakly curved, with distinct nodulus and ramus.

Mature (4th) Instar. Body (Fig. 3A). Elongate
fusiform, 3.02 mm long, 0.77 mm wide; gray or red-
dish brown, with light coating of waxy fuzz. Tho-
racic and abdominal dorsal sclerotized tubercles
very indistinctly defined and slightly darkened.

Head. Transverse subpentagonal, somewhat wider
than long (0.28 mm by 0.24 mm), weakly narrowing
basally. Mandible as in Fig. 3B. Antenna (Fig. 3C)
very small, its single segment >3 times wider than
long; apex of antenna with 1 thick seta and a few thin,
long setae. Sclerotized segments of antenna and epi-
cranium blackish brown, except near frontal suture.
Maxillary palpus (Fig. 3D) well developed, 4-seg-
mented, apical segment ~1.5 times as long as thick.
Labial palpus (Fig. 3E) minute, 1-segmented.



September 1997

HONSHU
JAPAN

SAsaJl AND MCCLURE: DESCRIPTION AND DISTRIBUTION OF P. tsugae

567

Fig. 4. Location of 24 sites in Japan where Pseudoscymnus tsugae sp. nov. was collected between 12 May and 23 June
1992 from forests (circles) and ornamental plantings (squares) of Tsuga sieboldii (shaded symbols) and T. diversifolia
(unshaded symbols) that were infested with A. tsugae. Prefectures: G, Gunma; H, Hiroshima; Hy, Hyogo; K, Kyoto; M,
Mie; Ng, Nagano; N, Nara; Ok, Okayama; O, Osaka; S, Shiga; Tc, Toichigi; and T, Tokyo.

Thorax. Prothorax subpentagonal, slightly longer
than wide. Dorsal and dorsolateral areas weakly
convex, with many relatively thick setae; meso- and
metathoraces with anterior and posterior multise-
tiferous convexities laterally. Legs dark brown to
black; fore femur 0.20 mm long; fore tibiotarsus 0.19
mm, meso femur 0.22 mm, meso tibiotarsus 0.25
mm, meta femur 0.26 mm, meta tibiotarsus 0.25 mm.
Tibiotarsus elongate spindle-shaped, stout, nearly
as long as femur; tip (Fig. 3F) with 4 clavate adhe-
sive apical setae. Claws thick at base.

Abdomen. Abdominal terga 1-7 with dorsal, dor-
solateral, and lateral convexities with several
strongly defined setae. Segment 8 transverse, dark-
ened, arcuate apically.

Type Material. HOLOTYPE: &, reared from a
larva collected on 7 June 1994 from Adelges tsugae
on Tsuga sieboldii Carriere in Koshida, Takatsuki,
Osaka Pref., T. Urano leg., preserved and deposited
in the collection of the Entomological Laboratory,
Kyushu University, Fukuoka. PARATYPES: 33 &,
492 9, Kitagata, Awara-cho, Fukui Pref., 22-1V-94,
O. Kishimoto leg.; 18, 12, Rokuroshi, Oono-shi,
Fukui Pref., 20-VIII-95, H. Sasaji leg., preserved and
deposited in the collection of the Entomological
Laboratory, Kyushu University, Fukuoka.

Other Material Examined. Six mature (4th) in-
stars reared by M.S. McClure, and progeny of spec-
imens collected on 7 June 1994 from A. tsugae on T.

sieboldii in Koshida, Takatsuki, Osaka Prefecture, by T.
Urano. Specimens of larvae were preserved and depos-
ited in the collection of the Entomological Laboratory,
Kyushu University, Fukuoka. Measurements were taken
from a single specimen preserved in ethanol and
mounted on a microscope slide in PVA after having
been cleaned with 10% KOH.

Remarks. Larvae of Scymnini have been little
investigated at the species level. Generally, how-
ever, they have 3-segmented antennae (Kamiya
1966). Because larvae of P. tsugae sp. nov. and P.
hareja (Weise 1879), described by Sasaji (1968),
both have 1-segmented antennae, these species
may be closely related phylogenetically among the
Palearctic Coccinellidae. Larvae of P. tsugae sp.
nov., with 4 clavate hairs on each tibiotarsus, are
easily distinguishable from those of P. hareja, which
have a single clavate hair on each tibiotarsus.

Of the 37 species of Pseudoscymnus described
from Asia, Oceania, and Africa (Sasaji 1967), adults
of 8 species resemble P. tsugae sp. nov. by being
almost completely black dorsally. Five of them,
Pseudoscymnus kurohime (Miyatake) (1959), P. an-
manshanus Yang (1971), P. amplus Yang and Wu
(1972), P. dapae Hoang (1978), and P. hanoiensis
Hoang (1982) differ from P. tsugae sp. nov. by hav-
ing female genitalia with a wide (not elongate)
hemisternite and strongly curved S-form (not
smoothly arcuate) elytral hairs. The other 3 spe-
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cies, which occur in Japan, can be distinguished
from P. tsugae sp. nov. as follows: P. lewisi (Kamiya)
has a subovate (not elongate) hemisternite, P. na-
gasakiensis (Kamiya) has a tegmen with a lateral
lobe that is =~4/5 (not half) the length of the me-
dian piece (Kamiya 1961, 1966), and P. nakanei
(Araki) (1963) has strongly curved S-form (not
smoothly arcuate) elytral hairs. Sasaji (1971) pro-
vides other characters for distinguishing the Japa-
nese species of Pseudoscymnus.

Distribution in Japan. Adults of P. tsugae sp. nov.
were collected between 12 May and 23 June 1992
by M. S. McClure from A. tsugae-infested Tsuga
diversifolia Masters and T. sieboldii Carriere in 13
of 37 forests and at 11 of 37 ornamental sites in 12
prefectures of Honshu, Japan (Fig. 4). These sites
ranged from 34° 11’ to 36° 50’ N latitude and from
sea level to 1,980 m elevation. Adults from these 24
sites were similar and appeared to be identical to
others that were collected from A. tsugae-infested
T. sieboldii on 7 June 1994 by T. Urano at Koshida,
Takatsuki, Osaka Prefecture and subsequently ex-
amined by H. Sasaji. Adults of P. tsugae sp. nov.
were collected later by sweeping grasses and
shrubs at 2 marshy sites in Fukui Prefecture.
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