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Gabriella Zilahi-Balogh, Loke T. Kok, and Scott M. Salom

Virginia Tech, Department of Entomology
216 Price Hall, Blacksburg, VA 24061-0319

Abstract

A summary of biological control efforts on various Pineus and Adelges species based on published
literature is discussed.  The aim of this review is to learn from these individual programs to aid our
continuing efforts in biological control of the hemlock woolly adelgid, Adelges tsugae Annand, in
the eastern United States.  By studying past programs, general patterns may show up that will
improve the success and predictability of biological control.
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Introduction

The hemlock woolly adelgid (HWA), Adelges tsugae Annand, is a serious threat to hemlock
landscape and forest stands in the eastern United States (McClure 1996).  Eastern hemlock (Tsuga
canadensis (L.) Carrière) and Carolina hemlock (T. caroliniana Engelmann) are very susceptible
to HWA attack and infested trees have died in as little as four years (McClure 1991).  Hemlock
woolly adelgid is exotic to eastern North America (McClure 1987).  First reported in the eastern
United States in Virginia in 1952 in an ornamental setting (Souto et al. 1996), it has spread to
forests where it occurs along the eastern seaboard from North Carolina to southern New England
(Salom et al. 2001).  The main front of the HWA infestation is advancing at approximately 25 km
per year (McClure 2001).

In 1993, the Hemlock Woolly Adelgid Working Group was established in the eastern United States
to coordinate research efforts to reduce the impact of the hemlock woolly adelgid and slow its
spread in eastern hemlock forest ecosystems (Reardon and Bullard, 1996).  Biological control was
identified as an area of emphasis for management of HWA in a forest setting under the USDA
Forest Service Technology Enterprise Team (Onken 1996; Reardon and Bullard 1996).  Studies by
McClure (1987) and Montgomery and Lyon (1996) in Connecticut, and Wallace and Hain (2000)
in North Carolina and Virginia, documented a number of native or established predators associated
with HWA, but they were generally found at densities too low to significantly impact populations of
HWA.  No parasitoids that attack any member of the family Adelgidae are known.  A classical
biological program for HWA in eastern United States was therefore initiated.  Several predators are
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currently being investigated and discussed later in the paper.

Biological control of forested insects is well documented (Pschorn-Walcher 1977; Dahlsten and
Mills 1999, and references therein).  Classical biological control (i.e., importation of natural enemies
against introduced pests) is the most common approach to biological control in forestry (Dahlsten
and Mills 1999).  Dahlsten and Mills (1999) presented data from the International Institute of
Biological Control (IIBC) database of worldwide biological control introductions.  The number of
importations of parasitoids and predators against forest insect pests, the percentage of successful
establishments, and those that have achieved some degree of control were summarized.
Homopteran pests comprised about 24% of all forestry pests targeted for biological control.  The
orders Lepidoptera, Hymenoptera, and Coleoptera comprised 36%, 21%, and 17%, respectively.
Overall, 78% of importations of natural enemies that targeted forestry pests involved parasitoids.
However, more than 80% of exotic predators used targeted homopteran pests (Dahlsten and Mills
1999).

The objective of this paper is to summarize predator introductions for biological control of adelgids
to date and provide examples of successful establishments of these target pests.  This information
may be useful for future attempts at new introductions of HWA predators.

Summary of Biological Control Programs of Adelgids

Several biological control programs have been carried out on adelgid pests.  Previous attempts to
control adelgids using natural enemies were more successful for the genus Pineus (Culliney et al.
1988; Zondag and Nuttall 1989; Mills 1990) than for Adelges (Mitchell and Wright 1967; Amman
and Speers 1971; Clark et al. 1971; Clausen 1978; Harris and Dawson 1979; Schooley et al.
1984).  Table 1 summarizes predators that have been released to control various adelgid pests.

Pineus laevis1 .  Biological control of Pineus laevis Maskell in Australia failed because of the lack of
establishment of the five predators released (Clausen 1978).  However, successful control of P. laevis
was achieved in both Chile and New Zealand with the European chamaemyiids Leucopis (Neoleucopis)
obscura Haliday (Mills 1990) and L. (N.) tapiae Blanchard (Zondag and Nuttall 1989), respectively.

Pineus pini.   In Hawaii, Pineus pini (Macquart) was successfully controlled with the introduction
and establishment of L. (N.) tapiae (Culliney et al. 1988; Greathead 1995) and Leucopis
nigraluna McAlpine from Pakistan (Mills 1990).  In Kenya, Tetraphleps raoi Ghauri (Hemiptera:
Anthocoridae) was successfully introduced into Kenya from Pakistan for biological control of P.
pini and established in pine plantations (Mailu et al. 1980; Aloo and Karanja 1986).  The
establishment of T. raoi was followed by a decline in field populations of P. pini (Aloo and Karanja
1986), but successful biological control of P. pini has not yet been reported.

1 According to Blackman and Eastop (1994), this species is Pineus boerneri Annand, described
from Pinus radiata in California, but erroneously recorded under the name Pineus laevis.
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Adelges piceae.  The classical biological control program for the balsam woolly adelgid, Adelges
piceae (Ratzeburg) in North America is well documented (Smith and Coppel 1957; Mitchell and
Wright 1967; Amman and Speers 1971; Clark et al. 1971; Harris and Dawson 1979; Schooley et
al. 1984).  More than 25 species of predators released over approximately 35 years resulted in
eight European species becoming established, including Laricobius erichsonii Rosenhauer.  Despite
establishment, these introduced predators failed to provide significant control of A. piceae (Clark et
al. 1971; Clausen 1978; Schooley et al. 1984).  Reasons suggested for lack of success were
attributed to poor synchronization between various predators and A. piceae, inadequate searching
ability of predators, inability to adapt to harsh winter climates in eastern Canada, poor overwintering
conditions in the soil, and inability of host trees to withstand even low populations of A. piceae
(Mitchell and Wright 1967; Clark et al. 1971; Clausen 1978; Harris and Dawson 1979; Schooley
et al. 1984).  This indicates that random introduction of multiple species of natural enemies does not
guarantee success.  We need to consider better climate matching between regions of collection and
target areas of release, and the behavior of natural enemies.  Some natural enemies are better suited
to high or low pest densities, and others may be specialized for specific niches, e.g., trunk versus
crown infestations.  Better reconstruction of the guilds of natural enemies that occur in the native
range of the pest may have resulted in a better outcome for biological control of A. piceae.

Adelges tsugae.  Research on biological control of the hemlock woolly adelgid began in the early
1990s.  Field surveys of native and established natural enemies of HWA in eastern United States
were conducted by McClure (1987) and Montgomery and Lyon (1996) in Connecticut and
Wallace and Hain (2000) in North Carolina and Virginia.  In both regions, natural enemies were
found at densities too low to significantly reduce populations of HWA.  In addition, most natural
enemies were generalist predators (Montgomery and Lyon 1996; Wallace and Hain 2000).  Foreign
exploration in Japan (Cheah and McClure 1996) and China (Montgomery et al. 2000; Yu et al.
2000) for candidate natural enemies of HWA was initiated in 1992 and 1996, respectively.  Two
species, Diapterobates humeralis (Hermann) (Oribatida: Ceratozetidae) and Pseudoscymnus
tsugae Sasaji and McClure collected in Japan, were selected as the most promising candidates for
introduction into North America (Cheah and McClure 1996).  Observations on foraging behavior of
D. humeralis revealed that these mites did not feed on adelgid eggs and nymphs, but consumed the
woolly filaments that surrounded HWA eggs.  This feeding behavior dislodged eggs (McClure
1995a).  Although D. humeralis resulted in approximately 65% mortality of HWA eggs in Japan
(McClure 1995a), its low fecundity, difficulty of lab culture, and its distribution throughout temperate
regions of the Northern Hemisphere, made it an unsuitable candidate for release in North America
(Cheah and McClure 1996).

In Japan, P. tsugae was found in more than 30% of forest and ornamental sites sampled, where
adelgid mortality was observed to be greater than 85% (McClure 1995b).  Pseudoscymnus
tsugae was imported into eastern United States and is undergoing laboratory and field evaluations
as a potential biological control agent of HWA (Cheah and McClure 1996, 1998).  Quarantine
studies in Connecticut revealed that P. tsugae possesses many attributes of a successful biological
control agent (Cheah and McClure 1996, 1998).  In addition, it is amenable to mass culture in the
laboratory  (Cheah and McClure 1998; McClure and Cheah 1999).  Since 1995, more than
160,000 adults of P. tsugae have been mass-reared and released in forests of Connecticut, New
Jersey, and Virginia (McClure 2001; Salom et al. 2001).  Results have been encouraging where P.
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tsugae has been released (McClure and Cheah 1999; Cheah and McClure 2000; McClure 2001).
Compared with control sites, HWA densities were reduced 47 to 87% (McClure 2001).

In China, the following families with number of species in parenthesis were collected from HWA
infested hemlocks:  Coccinellidae (54), Anthocoridae (4), Miridae (3), Syrphidae (2), and
Cecidomyiidae (1) (Yao and Hongbin 1998; Montgomery et al. 2000; Yu et al. 2000).  Three
species, Scymnus (Neopullus) sinuanodulus Yu & Yao, S. (N.) camptodromus Yu & Liu, and S.
(N.) ningshanensis Yu & Yao, in the family Coccinellidae (subfamily: Scymninae), were imported
into the eastern United States for further study under quarantine (Yao and Wang 1998).  Lu and
Montgomery (2000) determined that all three species are univoltine and feed on HWA, preferring
eggs to other stages.  However, S. (N.) camptodromus eggs undergo a diapause (Lu and
Montgomery 2000), making it difficult to culture and therefore unsuitable as a potential candidate
for release (M.E. Montgomery personal communication 2001).  Field evaluation of S. (N.)
sinuanodulus and S. (N.) ningshanensis using sleeve cages began in 1999 and 2001, respectively
(M.E. Montgomery personal communication 2001; Salom et al. 2001).  Although these lady beetles
reduced the population of HWA significantly, this reduction may not be sufficient to prevent HWA
from causing damage (M.E. Montgomery personal communication 2001).

Laricobius nigrinus Fender (Coleoptera: Derodontidae), native to western North America, has
been observed in close association with HWA in British Columbia, Canada (L. Humble personal
communication 1996), where HWA is not considered a pest.  In 1998, field studies and quarantine
evaluation were initiated in British Columbia and Virginia, respectively (Zilahi-Balogh 2001).
Laricobius nigrinus adults feed on developing sistens nymphs in the fall and winter at temperatures
above 0°C.  Larvae feed on the eggs of the progrediens generation and migrate to the soil by the
end of the progrediens egg stage (Zilahi-Balogh 2001).  Host specificity tests revealed that L.
nigrinus has a narrow host range, preferring to oviposit and feed on adelgid than on non-adelgid
homopterans.  In addition, larvae only completed development on a diet of HWA (Zilahi-Balogh et
al. in press).  In September 2000, L. nigrinus was removed from quarantined status.  Caged field
trials to evaluate feeding voracity and survivorship were initiated in February 2001.  Results for the
first year are summarized by Lamb et al. (2002).

Summary

Successful biological control of Pineus laevis and P. pini have been demonstrated with the
introduction and establishment of various chamaemyiid species (genus Leucopis) in Chile and New
Zealand (P. laevis), and in Hawaii (P. pini) (Culliney et al. 1988; Zondag and Nuttall 1989; Mills
1990; Greathead 1995).  An anthocorid predator, Tetraphleps raoi, introduced into Kenya for
biological control of P. pini, has also been successful in reducing populations of P. pini (Mailu et al.
1980; Aloo and Karanja 1986).  However, successful biological control of Adelges piceae was not
achieved even with the large number of species introduced (Clark et al. 1971; Clausen 1978;
Schooley et al. 1984).  To date, Pseudoscymnus tsugae is the only predator which is being mass-
reared and released in the field for control of HWA in the eastern United States.  The two Scymnus
species and L. nigrinus show potential and attempts should be made to mass rear them for release.
Since P. tsugae (McClure and Cheah 1999) and S. sinuanodulus (Lu and Montgomery 2001)



133

T
ab

le
 1

.  
Su

m
m

ar
y 

of
 P

re
da

to
r 

R
el

ea
se

s 
A

ga
in

st
 th

e 
F

am
ily

 A
de

lg
id

ae
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

   
 O

rig
in

 o
f

   
   

 Y
ea

r o
f

   
  S

pe
ci

es
   

  A
ge

nt
T

ar
ge

t P
es

t
Ta

rg
et

 R
eg

io
n

R
el

ea
se

R
el

ea
se

d
   

   
Sp

ec
ie

s 
R

el
ea

se
d 

   
   

   
   

   
   

   
   

   
   

   
   

  E
st

ab
lis

he
d 

   
 R

ef
er

en
ce

sg

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

A
de

lg
es

 p
ic

ea
e

C
an

ad
a/

U
SA

a
19

33
-1

96
9

C
ol

eo
pt

er
a:

  C
oc

ci
ne

lli
da

e

(R
at

ze
bu

rg
)

Eu
ro

pe
A

ph
id

ec
ta

 o
bl

ite
ra

ta
 (L

.)  
b

Y
es

b
5,

 7
, 9

E
xo

ch
om

us
 q

ua
dr

ip
us

tu
la

tu
s  

(L
.)d

N
oe

1,
 5

Sc
ym

nu
s 

(P
ul

lu
s)

 im
pe

xu
s  

M
ul

sa
nt

 b
Y

es
b

1,
 2

, 5
, 6

In
di

a/
Pa

ki
st

an
C

oc
ci

ne
lla

 (
A

da
lia

) 
lu

te
op

ic
ta

 M
ul

sa
nt

b
N

o
2,

 4
, 5

, 7

A
da

lia
 te

tr
as

pi
lo

ta
 (H

op
e)

 b
N

o
2,

 5
, 7

C
oc

ci
ne

lla
 s

ep
te

m
pu

nc
ta

ta
 L

.  e
N

oe
7

E
xo

ch
om

us
 li

tu
ra

tu
s  

G
or

ha
m

b
N

o
2,

 5
, 7

E
xo

ch
om

us
 u

ro
py

gi
al

is
 M

ul
sa

nt
b

N
o

2,
 5

, 7

H
ar

m
on

ia
 b

re
iti

 M
ad

er
b

N
o

2,
 3

, 5
, 7

H
ar

m
on

ia
 (L

ei
s)

 d
im

id
ia

ta
 (F

ab
ric

iu
s)

 c
N

oe
2,

 5

H
ar

m
on

ia
 (

B
al

lia
) 

eu
ch

ar
is

 [=
di

an
ae

] M
ul

sa
nt

b
N

o
2,

 5
, 7

O
en

op
ia

 (
Sy

nh
ar

m
on

ia
) 

co
ng

lo
ba

ta
 (L

.)  
c

N
o

2,
 5

O
en

op
ia

 s
au

ze
ti  

M
ul

sa
nt

c
N

o
2

Ja
pa

n
A

da
lia

 r
on

in
a 

(L
ew

is
) [

=
 A

. c
on

gl
om

er
at

a  
L

.]  
d

N
o

5,
 8

C
hi

lo
co

ru
s 

ku
w

an
ae

 S
ilv

es
tri

c
N

oe
2,

 5

A
us

tra
lia

D
io

m
us

 (=
 S

cy
m

nu
s)

 p
um

ili
o  

(W
ei

se
)  b

N
o

2,
 5

, 7

C
ol

eo
pt

er
a:

  D
er

od
on

tid
ae

Eu
ro

pe
La

ri
co

bi
us

 e
ri

ch
so

ni
i R

os
en

ha
ue

r b
Y

es
b

1,
 2

, 4
, 5

, 6
, 8



134

T
ab

le
 1

.  
co

nt
in

ue
d

   
 O

rig
in

 o
f

   
   

 Y
ea

r o
f

   
  S

pe
ci

es
   

  A
ge

nt
T

ar
ge

t P
es

t
Ta

rg
et

 R
eg

io
n

R
el

ea
se

R
el

ea
se

d
   

   
Sp

ec
ie

s 
R

el
ea

se
d 

   
   

   
   

   
   

   
   

   
   

   
   

  E
st

ab
lis

he
d 

   
 R

ef
er

en
ce

sg

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

A
de

lg
es

 p
ic

ea
e

C
an

ad
a/

U
SA

D
ip

te
ra

:  
C

ec
id

om
yi

id
ae

(R
at

ze
bu

rg
)

Eu
ro

pe
A

ph
id

ol
et

es
 th

om
ps

on
i M

öh
nb

Y
es

b    
   

   
  1

, 2
, 4

, 5
, 6

, 7
D

ip
te

ra
:  

C
ha

m
ae

m
yi

id
ae

Eu
ro

pe
C

re
m

ifa
ni

a 
ni

gr
oc

el
lu

la
ta

 C
ze

rn
ey

b
Y

es
b

1,
 4

, 5
, 6

, 7
, 9

Le
uc

op
is

 (
N

eo
le

uc
op

is
) 

at
ra

tu
la

 R
at

z.
 d

Y
es

c
7,

 9
Le

uc
op

is
 h

en
ni

gr
at

a 
M

cA
lp

in
e

(=
 L

. s
p.

nr
. m

el
an

op
us

 T
an

as
ijt

sh
uk

 )
 b

Y
es

d
7

Le
uc

op
is

 (
N

eo
le

uc
op

is
) 

ob
sc

ur
a 

H
al

id
ay

b
Y

es
b

1,
 2

, 7
Li

po
le

uc
op

is
 p

ra
ec

ox
 d

e 
M

ei
jd

N
o

5
D

ip
te

ra
:  

Sy
rp

hi
da

e
Eu

ro
pe

C
ne

m
od

on
 s

pp
. d

N
o

1
H

em
ip

te
ra

:  
A

nt
ho

co
rid

ae
In

di
a/

Pa
ki

st
an

Te
tr

ap
hl

ep
s 

ab
du

lg
ha

ni
 G

ha
ur

id
N

o
7

Te
tr

ap
hl

ep
s 

ra
oi

 G
ha

ur
id

N
o

7
N

eu
ro

pt
er

a:
  H

em
er

ob
iid

ae
Eu

ro
pe

H
em

er
ob

iu
s 

ni
tid

ul
us

 F
ab

ri
ci

us
d

N
o

1,
 5

H
em

er
ob

iu
s 

st
ig

m
a 

St
ep

he
ns

d
N

o
1,

 5
N

eu
ro

pt
er

a:
  C

hr
ys

op
id

ae
In

di
a/

Pa
ki

st
an

C
hr

ys
op

a 
sp

p.
 c

N
o

2,
 5

A
ca

ri:
  E

ry
th

ra
ei

da
e

In
di

a/
Pa

ki
st

an
B

al
au

st
iu

m
 s

pp
. d

N
o

7

A
de

lg
es

 ts
ug

ae
Ea

st
er

n 
U

SA
19

95
 to

C
ol

eo
pt

er
a:

  C
oc

ci
ne

lli
da

e
A

nn
an

d
pr

es
en

t
Ja

pa
n

P
se

ud
os

cy
m

nu
s 

ts
ug

ae
 S

as
aj

i &
 M

cC
lu

re
Y

es
10

, 1
1



135

T
ab

le
 1

.  
co

nt
in

ue
d

   
 O

rig
in

 o
f

   
   

 Y
ea

r o
f

   
  S

pe
ci

es
   

  A
ge

nt
T

ar
ge

t P
es

t
Ta

rg
et

 R
eg

io
n

R
el

ea
se

R
el

ea
se

d
   

   
Sp

ec
ie

s 
R

el
ea

se
d 

   
   

   
   

   
   

   
   

   
   

   
   

  E
st

ab
lis

he
d 

   
 R

ef
er

en
ce

sg

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

P
in

eu
s 

la
ev

is
h

C
ol

eo
pt

er
a:

  C
oc

ci
ne

lli
da

e
(M

as
ke

ll)
Eu

ro
pe

E
xo

ch
om

us
 q

ua
dr

ip
us

tu
la

tu
s 

(L
.)

N
o

5
A

us
tra

lia
19

32
-1

94
0

N
eu

ro
pt

er
a:

  H
em

er
ob

iid
ae

U
K

W
es

tm
ae

liu
s 

co
nc

in
nu

s 
St

ep
he

ns
N

o
5

D
ip

te
ra

:  
C

ha
m

ae
m

yi
id

ae
U

K
Le

uc
op

is
 (

N
eo

le
uc

op
is

) 
ob

sc
ur

a 
H

al
id

ay
N

o
5

Li
po

le
uc

op
is

 p
ra

ec
ox

  d
e 

M
ei

j
N

o
5

C
al

ifo
rn

ia
Le

uc
op

is
 a

tr
ifa

ci
es

 A
ld

.
N

o
5

Ch
ile

19
45

Eu
ro

pe
Le

uc
op

is
 (

N
eo

le
uc

op
is

) 
ob

sc
ur

a 
H

al
id

ay
Y

es
12

N
ew

 Z
ea

la
nd

19
26

-1
93

4
C

ol
eo

pt
er

a:
  C

oc
ci

ne
lli

da
e

A
us

tra
lia

D
io

m
us

 (=
Sc

ym
nu

s)
 p

um
ili

o 
(W

ei
se

)
N

o
13

D
ip

te
ra

:  
C

ha
m

ae
m

yi
id

ae
U

K
Le

uc
op

is
(N

eo
le

uc
op

is
) 

ta
pi

ae
 B

la
nc

ha
rd

Y
es

13
N

eu
ro

pt
er

a:
  H

em
er

ob
iid

ae
U

K
H

em
er

ob
iu

s 
st

ig
m

a 
St

ep
he

ns
N

o
13

P
in

eu
s 

pi
ni

D
ip

te
ra

:  
C

ha
m

ae
m

yi
id

ae
(M

ac
qu

ar
t)

H
aw

ai
i

19
72

, 1
97

7
Pa

ki
st

an
Le

uc
op

is
 n

ig
ra

lu
na

 M
cA

lp
in

e
Y

es
14

19
76

-1
97

9
Eu

ro
pe

Le
uc

op
is

 (
N

eo
le

uc
op

is
) 

ta
pi

ae
 B

la
nc

ha
rd

f
Y

es
14

, 1
5

K
en

ya
H

em
ip

te
ra

:  
A

nt
ho

co
rid

ae
19

75
Pa

ki
st

an
Te

tr
ap

hl
ep

s 
ra

oi
 G

ha
ur

i
Y

es
12

, 1
6,

 1
7

D
ip

te
ra

:  
C

ha
m

ae
m

yi
id

ae
19

70
-1

97
5

Le
uc

op
is

 n
ig

ra
lu

na
 M

cA
lp

in
e

 N
o

15
19

70
-1

97
5 

   
 E

ur
op

e
Le

uc
op

is
(N

eo
le

uc
op

is
) 

ta
pi

ae
 B

la
nc

ha
rd

 N
o

15
Le

uc
op

is
 a

rg
en

tic
ol

lis
 Z

et
te

rs
te

dt
 N

o
15

a  C
an

ad
a 

19
33

-1
96

9,
 U

SA
 1

95
5-

19
65

;b e
as

t a
nd

 w
es

t; 
c w

es
t o

nl
y;

 d e
as

t o
nl

y;
 e d

id
 n

ot
 e

st
ab

lis
h 

on
 A

. p
ic

ea
e,

 b
ut

 e
st

ab
lis

he
d 

el
se

w
he

re
 (8

);
f  p

re
vi

ou
s 

re
po

rt
ed

 a
s 

L.
 o

bs
cu

ra
, b

ut
 s

ub
se

qu
en

tly
 d

et
er

m
in

ed
 to

 b
e 

L.
 ta

pi
ae

 (1
5)

.
g  1

. S
m

ith
 a

nd
 C

op
pe

l 1
95

7;
 2

. M
itc

he
ll 

an
d 

W
rig

ht
 1

96
7;

 3
. A

m
m

an
 a

nd
 S

pe
er

s 
19

71
; 4

. C
la

rk
 e

t a
l. 

19
71

; 5
. C

la
us

en
 1

97
8;

 6
. H

ar
ris

 a
nd

 D
aw

so
n 

19
79

; 7
. S

ch
oo

le
y 

et
 a

l. 
19

84
; 8

.
G

or
do

n 
19

85
;  

9.
 H

um
bl

e 
19

94
; 1

0.
 M

cC
lu

re
 a

nd
 C

he
ah

 1
99

9;
 1

1.
 C

he
ah

 a
nd

 M
cC

lu
re

 2
00

0;
 1

2.
 M

ill
s 

19
90

;
13

. Z
on

da
g 

an
d 

N
ut

ta
ll 

19
89

; 1
4.

 C
ul

lin
ey

 e
t a

l. 
19

88
; 1

5.
 G

re
at

he
ad

 1
99

5;
 1

6.
 M

ai
lu

 e
t a

l. 
19

80
; 1

7.
 A

lo
o 

an
d 

K
ar

an
ja

 1
98

6.
h  A

cc
or

di
ng

 to
 B

la
ck

m
an

 a
nd

 E
as

to
p 

(1
99

4)
, s

pe
ci

es
 is

 P
. b

oe
rn

er
i A

nn
an

d,
 d

es
cr

ib
ed

 fr
om

 P
in

us
 r

ad
ia

ta
 in

 C
al

ifo
rn

ia
, b

ut
 e

rr
on

eo
us

ly
 re

co
rd

ed
 u

nd
er

 th
e 

na
m

e 
Pi

ne
us

 la
ev

is
.



136

larvae are active later than L. nigrinus (i.e., present during the last third of progrediens egg stage
and the complete sistens egg stage), we expect little temporal overlap of these species with L.
nigrinus larvae and therefore little competition.

After a decade, we have shown that biological control can reduce populations of HWA.  However,
complete success may not be realized for another two decades unless a complex of predators that
complement each other can be established.  To date, only coleopteran predators have been
investigated.  Two families of predators that have shown a measurable reduction in the population of
their target hosts (i.e., Pineus) are Chaemymiidae (Diptera) and Anthocoridae (Hemiptera).  Future
foreign exploration in Asia and evaluation of natural enemies of HWA should include these and other
orders.
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