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Adult common green lacewings, Chrysoper/a carnea (Stephens) (formerly
known as Chrysopa cornea], were collected from alfalfa fields, each sepa
rated by approximately 200 to 500 km, in four California counties. Adults,
as well as larvae and eggs reared from those adults, were screened with six
pesticides: two carbamates (carbaryl and methomyl), two pyrethroids (per
methrin and fen valerate), and two organophosphorus insecticides [diazi
non and phosmet), to detect intraspecific variability in their responses to
pesticides. Methods for screening adults, larvae, and eggs were developed.
Adults and larvae were highly tolerant of field rates of the pyrethroids.
Larvae also tolerated phosmet, probably due to hydrolysis by esterase
enzymes. Lacewings from the four locations responded significantly dif
ferently to all six pesticides. In general, San Joaquin County lacewings
exhibited the highest and Imperial County lacewings the lowest mortality,
with Kern and Fresno County lacewings variable in their responses. These
results correspond with pesticide usage in California. Egg hatch was not
affected by any of the pesticides tested. Reciprocal crosses of San Joaquin
and Imperial County adults were successful, indicating that reproductive
isolation does not exist.
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INTRODUCTION

As INTEREST IN integrated pest management increases, more attention is being directed
toward qualities of pesticides and the impact pesticides have on beneficial insects. In gen
eral, pesticides are more toxic to beneficial insects than to their hosts or prey. This may be
due to differences in physiology, such as enzymes (Mullin and Croft 1985), or indirectly due
to starvation from loss of prey or hosts after sprays are applied (Huffaker 1971; Newsom
1974; Croft and Morse 1979; Croft and Strickler 1983). If selective pesticides can be used
that favor natural enemies, then lower doses or fewer applications of pesticides, or both,
may be required. Many of the pesticides that are commonly used, however, are broad spec
trum in effect. One solution is to collect or to select pesticide-resistant strains of beneficial
arthropods to release where the broad spectrum pesticides must be used (Hoy 1979). At this
time, phytoseiid mites are the only natural enemies that have developed high enough levels
of pesticide resistance, either through field or laboratory selection, to be successfully mass
reared and used in integrated pest management programs (Croft and Brown 1975; Croft
and Strickler 1983; Hoy 1985).

The common green lacewing, Cbrysoperla carnea (Stephens) (formerly known as
Cbrysopa carnea} has undergone extensive pesticide screening because it is distributed
worldwide; has a voracious appetite; has a wide prey range; is important as a predator in
orchards, greenhouses, and field crops (Ridgway and Kinzer 1974; Ridgway and Murphy
1984; Tulisalo 1984); and it tolerates certain pesticides (Bigler 1984; New 1975). The
results of some laboratory programs that have screened C. carnea for its response to various
pesticides are compiled in table 1. Effects of the pesticides are difficult to categorize
because many different methods were used for testing, including LTSO, LCSO, and single
field doses. Many different stages were also tested. Therefore, a simple 0 to 4 rating is used,
adapted after Bigler (1984) in which 0 = no effect, 1 = a low detrimental effect, 2 = a
medium detrimental effect, 3 = a high detrimental effect and 4 = an extremely high detri
mental effect. The detrimental effect includes both lethal and sublethal effects such as;
immediate mortality, long-term reduction in survival, lowered fecundity, lowered fertility,
and reduced predation by larvae.

In general, eggs and pupae are the most resistant stages and larvae are more tolerant of
pesticides than adults (table 1). Only oils caused significant mortality of C. carnea eggs
(Bartlett 1964). Several of the organophosphorus insecticides (Wiackowski 1968) and diflu
benzuron (Ables et al. 1977) are reported to have a detrimental effect on pupation. Larvae
have shown a general tolerance to some of the chlorinated hydrocarbons including chloro
benzilate, DDT, dilor, endosul£an, methoxychlor, TOE, and toxaphene (table 1). All stages
of C. carnea are highly tolerant of many synthetic pyrethroids, botanicals, microbial insecti
cides (Bacillus thuringiensis and nuclear polyhedrosis viruses), insect growth regulators,

'Based on a thesis submitted in partial fulfillment of the Ph.D. degree, University of California, Berkeley,
January 1985.

2Accepted for publication May 12, 1985.



TA
B

LE
1.

S
U

M
M

A
R

Y
O

F
R

E
SU

L
T

S
O

F
L

A
B

O
R

A
T

O
R

Y
S

C
R

E
E

N
IN

G
P

R
O

G
R

A
M

S
T

O
D

E
T

E
R

M
IN

E
T

H
E

R
E

S
P

O
N

S
E

*
tv

O
F

V
A

R
IO

U
S

S
T

A
G

E
S

O
F

C
.C

A
R

N
E

A
T

O
P

E
S

T
IC

ID
E

S

E
gg

L
ar

va
l

P
u

p
al

A
d

u
lt

E
gg

P
es

ti
ci

d
e

M
o

rt
al

it
y

M
o

rt
al

it
y

P
re

d
at

io
n

M
o

rt
al

it
y

M
o

rt
al

it
y

F
ec

u
n

d
it

y
F

er
ti

li
ty

R
ef

er
en

ce
s

C
hl

or
in

at
ed

hy
dr

oc
ar

bo
ns

A
ld

ri
n

0
4

-
4

-
B

ar
tl

et
t

19
64

B
en

ze
ne

he
xa

ch
lo

ri
de

0
3

-
4

B
ar

tl
et

t
19

64

C
hl

or
da

ne
0

4
4

-
B

ar
tl

et
t

19
64

D
D

T
0

1
4

B
ar

tl
et

t
19

64
0

-
-

Pl
ap

p
&

B
ul

l
19

78
2

S
uk

ho
ru

ch
en

ko
et

al
.1

97
7

D
ie

ld
ri

n
0

4
-

4
B

ar
tl

et
t

19
64

3
-

-
Pl

ap
p

&
B

ul
l

19
78

D
ilo

r
-

1
-

-
-

S
uk

ho
ru

ch
en

ko
et

al
.1

97
7

E
nd

os
ul

fa
n

0
4

4
B

ar
tl

et
t

19
64

C
)

1
-

-
-

Fr
an

z
et

aI
.1

98
0

~

1
-

Pl
ap

p
&

B
ul

l
19

78
~ c

1
1

2
W

ia
ck

ow
sk

i
19

68
~

-
-

~
E

nd
ri

n
1

4
-

4
B

ar
tl

et
t

19
64

~

H
ep

ta
ch

lo
r

0
4

4
B

ar
tl

et
t

19
64

~ ~ :::::
L

in
da

ne
0

2
-

4
-

-
B

ar
tl

et
t

19
64

~ ~

1
H

as
sa

n
et

aI
.1

98
3

~
-

-
::c

M
et

ho
xy

ch
lo

r
0

1
-

-
4

B
ar

tl
et

t
19

64
~

M
ir

ex
-

2
-

S
uk

ho
ru

ch
en

ko
et

aI
19

77
~

T
D

E
0

1
-

-
3

B
ar

tl
et

t
19

64
~ ~

T
ox

ap
he

ne
0

3
4

B
ar

tl
et

t
19

64
~

-
("

\

0
-

Pl
ap

p
&

B
ul

l
19

78
$ ("

\

2
S

ut
er

19
78

~

3
W

ilk
in

so
n

et
aI

.1
97

5
~ ~
.

~ E-= ~



C
ar

ba
m

at
es

:r:
C

ar
ba

ry
l

0
4

-
4

B
ar

tl
et

t
19

64
r:: CJ

1
-

Pl
ap

p
&

B
ul

l
19

78
> ~

4
S

uk
ho

ru
ch

en
ko

et
al

.1
97

7
0

1
4

W
ilk

in
so

n
et

al
.1

97
5

S;

E
th

io
fe

nc
ar

b
4

G
ra

pe
l1

98
2

1
1

Su
te

r
19

78
~ ;-

-.
.

M
et

ho
m

yl
1

D
av

id
et

al
.1

98
0

V
I w

4
Pl

ap
p

an
d

B
ul

l
19

78
3

H
as

sa
n

et
al

.1
98

3
<

3
-

Pi
tts

&
Pi

et
er

s
19

82
~ 0

\

P
ir

im
ic

ar
b

1
-

Fr
an

z
et

al
.1

98
0

G
ra

pe
l1

98
2

0
0

1
1

1
H

el
ge

se
n

&
T

au
be

r
19

74
~ C <::

to

P
ro

po
xu

r
4

H
as

sa
n

et
al

.1
98

3
~ ~

O
rg

an
op

ho
sp

ha
te

s-
ph

os
ph

or
ic

ac
id

pr
ot

ot
yp

es
100

o...
I

\0 00

D
ic

ro
to

ph
os

0
3

4
B

ar
tl

et
t

19
64

V
I

3
L

in
gr

en
&

R
id

gw
ay

19
67

H
ep

te
no

ph
os

4
G

ra
pe

l1
98

2
4

Su
te

r
19

78

M
on

oc
ro

to
ph

os
4

Pl
ap

p
&

B
ul

l
19

78

N
al

ed
0

1
2

B
ar

tl
et

t
19

64

P
ho

sp
ha

m
id

on
0

4
B

ar
tl

et
t

19
64

3
L

in
gr

en
&

R
id

gw
ay

19
67

4
Su

te
r

19
78

Pr
of

en
of

os
4

Pl
ap

p
&

B
ul

l
19

78

Sc
hr

ad
en

0
A

hm
ed

19
55

0
1

2
B

ar
tl

et
t

19
64

T
ep

p
0

0
0

B
ar

tl
et

t
19

64

T
et

ra
ch

lo
rv

in
ph

os
0

S
uk

ho
ru

ch
en

ko
et

al
.1

97
7

Su
te

r
19

78

\.
)J

C
on

ti
nu

ed
on

ne
xt

pa
ge



TA
B

LE
1.

C
O

N
T

IN
U

E
D

~

E
gg

L
ar

va
l

P
u

p
al

A
d

u
lt

E
gg

P
es

ti
ci

de
M

o
rt

al
it

y
M

o
rt

al
it

y
P

re
d

at
io

n
M

o
rt

al
it

y
M

o
rt

al
it

y
F

ec
u

n
d

it
y

F
er

ti
li

ty
R

ef
er

en
ce

s

O
rg

an
op

ho
sp

ha
te

s-
ph

os
ph

or
ic

ac
id

pr
ot

ot
yp

es
(C

on
t.)

T
ri

ch
lo

ro
fo

n
0

1
1

B
ar

tl
et

t
19

64
1

H
as

sa
n

et
ala

19
83

1
L

in
gr

en
&

R
id

gw
ay

19
67

1
Pl

ap
p

&
B

ul
l

19
78

3
S

uk
ho

ru
ch

en
ko

&
T

ol
st

ov
a

19
81

O
rg

an
op

ho
sp

ha
te

s
-

th
io

ph
os

ph
or

ic
ac

id
pr

ot
ot

yp
es

A
ce

ph
at

e
3

Pl
ap

p
&

B
ul

l
19

78
4

Su
te

r
19

78

B
ro

m
op

ho
s

1
1

2
W

ia
ck

ow
sk

i1
96

8

C
ya

no
ph

os
1

S
uk

ho
ru

ch
en

ko
&

T
ol

st
ov

a
19

81

D
em

et
on

-
1

A
hm

ed
19

55
~ ~

0
1

3
B

ar
tl

et
t

19
64

~ c
2

L
in

gr
en

&
R

id
gw

ay
19

67
~ ~

3
S

uk
ho

ru
ch

en
ko

et
ala

19
77

~
1

1
1

W
ia

ck
ow

sk
i1

96
8

~ ~

D
ia

zi
no

n
0

4
4

B
ar

tl
et

t
19

64
::::: 5:

:l

4
Su

te
r

19
78

~ ~

D
ur

ap
ho

s
1

1
2

W
ia

ko
w

sk
i1

96
8

~

0
4

4
B

ar
tl

et
t

19
64

~

4
Su

te
r

19
78

~

E
pn

3
Pl

ap
p

&
B

ul
l

19
78

~ ~ ~
E

th
yl

pa
ra

th
io

n
4

Pl
ap

p
&

B
ul

l
19

78
(') 'S

E
tr

im
ph

os
4

-
Su

te
r

19
78

(') ~
F

en
it

ro
th

io
n

0
S

uk
ho

ru
ch

en
ko

&
T

ol
st

ov
a

19
81

~.

2
2

3
W

ia
ko

w
sk

i1
96

8
~ ~

Fe
nt

hi
on

1
3

4
B

ar
tl

et
t

19
64

~



M
et

hy
l

pa
ra

th
io

n
2

L
in

gr
en

&
R

id
gw

ay
19

67
::r:

4
Pl

ap
p

&
B

ul
l

19
78

t== C
')

2
4

W
il

ki
ns

on
et

ale
19

75
:> :::0

O
xy

de
m

et
on

-m
et

hy
l

4
F

ra
nz

et
al

.
19

80
0

4
G

ra
p

el
1

9
8

2
5=

4
S

ut
er

19
78

4
3

4
W

ia
ck

ow
sk

i
19

68
~

P
ar

at
hi

on
1

4
4

B
ar

tl
et

t
19

64
V

\ w
3

H
am

il
to

n
&

K
ie

ck
he

fe
r

19
69

4
S

ut
er

19
78

<
P

ir
im

ip
ho

s-
m

et
hy

l
4

H
as

sa
n

et
al

.
19

83
~ 0

\

T
ri

az
op

ho
s

1
2

S
ut

er
19

78

V
am

id
ot

hi
on

1
2

S
ut

er
19

78
0 ~

O
rg

an
op

ho
sp

ha
te

s-
di

th
io

ph
os

ph
at

e
pr

ot
ot

yp
es

C ~ ~
4

B
ar

tl
et

t
19

64
~

A
zi

np
ho

sm
et

hy
I

0
3

N \0

4
S

ut
er

19
78

Q
)

V
\

B
ro

m
op

ho
s

1
1

2
W

ia
ck

ow
sk

i
19

68

C
ar

bo
ph

en
ot

hi
on

0
4

4
B

ar
tl

et
t

19
64

D
im

et
ho

at
e

0
1

4
B

ar
tl

et
t

19
64

3
S

uk
ho

ru
ch

en
ko

et
al

.
19

77
4

S
ut

er
19

78
4

3
4

W
ia

ck
ow

sk
i

19
68

D
io

xa
th

io
n

0
1

3
B

ar
tl

et
t

19
64

D
is

ul
fo

to
n

2
Fe

es
e

&
W

ild
e

19
75

E
th

io
n

0
3

4
B

ar
tl

et
t

19
64

F
or

m
ot

hi
on

1
1

2
W

ia
ck

ow
sk

i
19

68

M
al

at
hi

on
0

3
4

B
ar

tl
et

t
19

64
3

H
am

il
to

n
&

K
ie

ck
he

fe
r

19
69

0
2

W
il

ki
ns

on
et

al
.

19
75

M
en

az
on

1
1

1
W

ia
ck

ow
sk

i
19

68

M
et

hi
da

th
io

n
4

H
as

sa
n

et
al

.
19

83

C
on

ti
nu

ed
on

ne
xt

pa
ge



TA
B

LE
1.

C
O

N
T

IN
U

E
D

0.
.

L
ar

va
l

A
d

u
lt

P
es

ti
ci

de

E
gg

M
o

rt
al

it
y

M
o

rt
al

it
y

P
re

d
at

io
n

P
u

p
al

M
o

rt
al

it
y

M
o

rt
al

it
y

F
ec

u
n

d
it

y

E
gg

F
er

ti
li

ty
R

ef
er

en
ce

s

O
rg

an
op

ho
sp

ha
te

s-
di

th
io

ph
os

ph
at

e
pr

ot
ot

yp
es

(C
on

t.
)

Ph
os

aI
on

1 3

P
ho

sm
et

Su
Ip

ro
fo

s

T
hi

om
et

on

Sy
nt

he
ti

c
py

re
tb

ro
id

s
C

yp
er

m
et

hr
in

D
el

ta
m

et
hr

in

Fe
nv

aI
er

at
e

FI
uc

yt
hr

in
at

e

FI
uv

aI
in

at
e

P
er

m
et

hr
in

P
he

no
th

ri
n

T
ra

Io
m

et
hr

in

F
or

m
am

id
in

e
C

hI
or

di
m

ef
or

m
2

3 3 4
3

3

0 2 1 0 3 1 1 1 1 1 4 0 1 1 1 1 1 1

2

Fr
an

z
et

al
.1

98
0

S
uk

ho
ru

ch
en

ko
et

aI
.1

97
7

S
ut

er
19

78

S
uk

ho
ru

ch
en

ko
et

al
.1

97
7

PI
ap

p
&

B
ul

l
19

78

W
ia

ck
ow

sk
i

19
68

Is
ha

ay
a

&
C

as
id

a
19

81
R

aj
ak

uI
en

dr
an

&
PI

ap
p

19
82

a
R

aj
ak

uI
en

dr
an

&
PI

ap
p

19
82

b

Is
ha

ay
a

&
C

as
id

a
19

81

H
as

sa
n

et
al

.1
98

3
PI

ap
p

&
B

ul
l

19
78

S
ho

ur
&

C
ro

w
de

r
19

80

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
b

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
a

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
b

H
as

sa
n

et
aI

.1
98

3
Is

ha
ay

a
&

C
as

id
a

19
81

PI
ap

p
&

B
ul

l
19

78
S

ho
ur

&
C

ro
w

de
r

19
80

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
a

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
b

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
a

R
aj

ak
uI

en
dr

an
&

PI
ap

p
19

82
b

B
ul

l
&

H
ou

se
19

78
P

it
ts

&
P

ie
te

rs
19

82

~ ~ ~ c ~ ~ ~ ~ ~ :::::
:

~ ~ $::
)...

.

~ ~ ~ ~ ~ ~ (
) s, ()
"

~ ""
t

~
.

~ ~



1
Pl

ap
p

&
B

ul
l

19
78

::r:
1

-
-

R
aj

ak
ul

en
dr

an
&

Pl
ap

p
19

82
b

F C
)

2
S

uk
ho

ru
ch

en
ko

et
al

.1
97

7
>

B
ot

an
ic

al
s

~ c
G

ar
lic

2
1

-
N

as
se

h
19

82
b

s:
N

ic
ot

in
e

0
0

0
B

ar
tl

et
t

19
64

1
-

1
2

W
ia

ck
ow

sk
i1

96
8

~ ~
P

yr
et

hr
in

1
Fr

an
z

et
al

.1
98

0
V

I w
0

Pl
ap

p
&

B
ul

l
19

78
2

-
Su

te
r

19
78

<
0

1
W

ilk
in

so
n

et
al

.1
97

5
~ 0

\
R

ot
en

on
e

0
1

3
-

-
B

ar
tl

et
t

19
64

R
ot

en
on

e
&

py
re

th
ri

n
-

2
2

Su
te

r
19

78
0 (
)

R
ya

ni
a

0
0

1
B

ar
tl

et
t

19
64

0- ~
Sa

ba
di

lla
~

0
1

0
B

ar
tl

et
t

19
64

~ N

M
ic

ro
bi

al
s

\0 ~

B
ac

il
lu

s
V

I
0

Fr
an

z
et

al
.1

98
0

tb
ur

in
gi

en
si

s
1

Sa
la

m
a

et
al

.1
98

2
1

1
Su

te
r

19
78

0
1

W
ilk

in
so

n
et

al
.1

97
5

M
am

es
tr

a
N

P
V

0
0

0
H

as
sa

n
&

G
ro

ne
r

19
77

H
el

io
th

is
N

P
V

0
0

W
ilk

in
so

n
et

al
.1

97
5

F
un

gi
ci

de
s

B
en

om
yl

1
1

Su
te

r
19

78
B

or
de

au
x

0
0

2
B

ar
tl

et
t

19
64

B
up

ir
im

at
1

Fr
an

z
et

al
.

19
80

C
ap

ta
fo

l
1

Fr
an

z
et

al
.1

98
0

Su
te

r
19

78
C

ap
ta

n
0

0
0

B
ar

tl
et

t
19

64
1

H
as

sa
n

et
al

.1
98

3
C

ar
be

nd
az

im
1

H
as

sa
n

et
al

.1
98

3
D

ic
hl

of
lu

an
id

2
Fr

an
z

et
al

.1
98

0
-.

...
j

C
on

tin
ue

d
on

ne
xt

pa
ge



TA
B

LE
1.

C
O

N
T

IN
U

E
D

00

E
gg

L
ar

va
l

P
u

p
al

A
d

u
lt

E
gg

P
es

ti
ci

de
M

o
rt

al
it

y
M

o
rt

al
it

y
P

re
d

at
io

n
M

o
rt

al
it

y
M

o
rt

al
it

y
F

ec
u

n
d

it
y

F
er

ti
li

ty
R

ef
er

en
ce

s

F
un

gi
ci

de
s

(C
on

t.)

D
it

al
im

fo
s

1
H

as
sa

n
et

al
.1

98
3

F
en

ti
na

ce
ta

t
1

-
2

S
ut

er
19

78
K

up
fe

ro
xy

ch
lo

ri
d

1
1

S
ut

er
19

78

M
an

co
ze

b
3

Fr
an

z
et

al
.1

98
0

1
S

ut
er

19
78

M
an

eb
1

1
S

ut
er

19
78

M
et

ir
am

1
1

S
ut

er
19

78
N

et
zs

ch
w

ef
el

1
1

S
ut

er
19

78
Pr

op
in

eb
1

1
Su

te
r

19
78

Py
ra

zo
ph

os
3

Fr
an

z
et

al
.1

98
0

S
ul

ph
ur

0
0

1
B

ar
tl

et
t

19
64

c;
') i:1

1
H

as
sa

n
et

al
.1

98
3

~ c

T
hi

op
ha

na
t-

m
et

hy
l

Fr
an

z
et

al
.1

98
0

~

1
~

S
ut

er
19

78
~

T
ri

ad
im

ef
on

1
H

as
sa

n
et

al
.1

98
3

~ ~ ~

V
in

cl
oz

ol
in

1
H

as
sa

n
et

al
.1

98
3

~ ~

Z
in

eb
0

0
0

B
ar

tl
et

t
19

64
+::

l.. ::r:
2

S
ut

er
19

78
~

G
ro

w
th

re
gu

la
to

rs
~

C
G

A
13

35
3

0
0

N
as

se
h

19
82

a
i:1

D
if

lu
be

nz
ur

on
3

3
3

A
bl

es
et

al
.1

97
7

~ ~ ('
\

4
Fr

an
z

et
al

.1
98

0
$ ('\

0
1

0
W

ilk
in

so
n

et
al

.1
97

8
~

E
po

ph
en

on
e

1
1

N
as

se
h

19
82

a
~.

K
in

op
re

ne
1

1
N

as
se

h
19

82
a

~ :::-: ~
R

o
10

-3
10

8
1

4
Su

te
r

19
78



Z
R

77
7

H
er

bi
ci

de
s

2,
4-

D
B

D
es

m
et

ry
ne

D
ic

lo
fo

p-
m

et
hy

l

D
if

en
zo

qu
at

D
in

os
eb

H
O

E
M

on
li

nu
ro

n

P
he

nm
ed

ip
ha

m

P
ro

pa
ch

lo
r

Pr
op

yz
am

id

A
ca

ri
ci

de
s

A
zo

cy
cl

ot
in

B
en

zo
xi

m
at

e

B
ro

m
op

ro
py

la
te

C
hl

or
ob

en
zi

la
te

C
yh

ex
at

in

D
ic

of
ol

D
in

ob
ut

on

F
en

bu
ta

ti
n-

ox
id

P
ro

pa
rg

it
e

T
et

ra
di

fo
n

Z
ec

tr
an

o o o o

o o o 4

Su
te

r
19

78
::r: F=

W
ilk

in
so

n
et

al
.

19
75

CJ :>
H

as
sa

n
et

al
.1

98
3

:::0 0

Fr
an

z
et

al
.

19
80

5=

H
as

sa
n

et
al

.1
98

3
~

Fr
an

z
et

al
.

19
80

~

2
G

ra
pe

l1
98

2
V

\ w

H
as

sa
n

et
al

.1
98

3
<

Fr
an

z
et

al
.

19
80

~

H
as

sa
n

et
al

.
19

83
C

\

Fr
an

z
et

al
.

19
80

0 ~ C \3
"-

H
as

sa
n

et
al

.
19

83
~ ~

H
as

sa
n

et
al

.
19

83
.....

.
\0 Q

:)

S
uk

ho
ru

ch
en

ko
et

al
.

19
77

V
\

B
ar

tl
et

t
19

64

Fr
an

z
et

al
.1

98
0

S
uk

ho
ru

ch
en

ko
et

al
.

19
77

B
ar

tl
et

t
19

64
Fr

an
z

et
al

.1
98

0
S

uk
ho

ru
ch

en
ko

et
al

.
19

77

S
uk

ho
ru

ch
en

ko
et

al
.

19
77

Fr
an

z
et

al
.

19
80

S
uk

ho
ru

ch
en

ko
et

al
.1

97
7

B
ar

tl
et

t
19

64
B

ar
tl

et
t

19
64

*0
==

no
ef

fe
ct

,
1

==
lo

w
de

tr
im

en
ta

l
ef

fe
ct

,
2

==
m

ed
iu

m
de

tr
im

en
ta

l
ef

fe
ct

,
3

==
hi

gh
de

tr
im

en
ta

l
ef

fe
ct

,
4

==
ex

tr
em

el
y

hi
gh

de
tr

im
en

ta
l

ef
fe

ct
,

an
d

-
==

no
in

fo
rm

at
io

n.

\0



10 Grafton-Cardwell and Hoy: Intraspecific Variability . . .

fungicides, herbicides, acaricides, and the formamidine insecticide, chlordimeform
(table 1). The carbamate and organophosphorus insecticides seem to be generally toxic to
C. carnea at field doses, with a few exceptions that include pirimicarb, naled, schraden,
TEPP, tetrachlorvinphos, trichlorfon, demeton, duraphos, triazophos, vamidothion, and
bromophos (table 1).

Variability in response of C. carnea larvae to pesticide screening was evident for endo
sulfan, toxaphene, carbaryl, trichlorphon, demeton, dimethoate, malathion, phosalon, fen
valerate, permethrin, diflubenzuron (table 1) and may be due to the fact that different test
methods were utilized. Another possible explanation, which has not been previously exam
ined for C.carnea, is that different populations of C.carnea are responding to local pesticide
pressures resulting in geographical and temporal variation in pesticide tolerances.

Although tolerant of many pesticides, C.carnea is highly susceptible to field rates of most
carbamate and organophosphorus insecticides. Since these pesticides are commonly used in
agriculture today, the ultimate goal of this project was to select C.carnea in the laboratory
for resistance to one or more pesticides. A common step, however, in a genetic selection
program is to screen populations from various geographical locations with several pesticides
to determine if intraspecific variability exists (Hoy 1979). If variability exists, but complete
resistance has not developed yet, then the most tolerant population can be used for lab
oratory selection, possibly speeding up the selection process. Intraspecific variability in
resistance or tolerance to pesticides has been demonstrated for many phytoseiid mites
(Hoy 1985). Predatory mites separated by distances of only a few miles varied significantly
in their responses to pesticides and so appear to be responding to local selection pressures
(Hoy 1985). This paper discusses the methods and results of a screening program to detect
intraspecific variability in the response of C.carnea populations to pesticides.

METHODS AND MATERIALS

Field Collection of Adults

Adults were collected from alfalfa during 1981 and 1982, one county at a time, in seven
counties (fig. 1); near Yreka in Siskiyou County, near Willows in Glenn County, east of
Stockton and West of Tracy in San Joaquin County, near Los Banos in Fresno County,
between Wasco, Shafter, and Lost Hills in Kern County, between Lancaster and Palmdale
in Los Angeles County, and in the vicinity of Brawley and EI Centro in Imperial County.
Eight to 15 alfalfa fields per county (depending on availability) were visited and swept with
a net to find one or two fields that contained adult lacewings.

A 100 meter strip of one or more alfalfa fields containing adult C.carnea was sprayed in
the late afternoon with an attractive bait (450 g Formula 57 + 450 g sucrose in 3.785 L of
water) with a 3.785 L garden spray can (Tassan et al. 1979). Formula 57 is a spray-dried
Saccharomyces fragi/is yeast product (Hagen and Tassan 1970). Lacewing adults fly pri
marily at night (Duelli 1980) and are attracted to and arrested by the bait (Hagen et al.
1971; Tassan et al. 1979). The following morning the fields were swept with an insect net
until 400 to 500 lacewing adults were captured.

The lacewing adults were brought into the laboratory and screened with six insecticides
(table 2) using four concentrations per insecticide and 20 adults per concentration. Prelim
inary trials were conducted to determine concentrations such that mortality ranged from
10 to 90 percent. Carbaryl, methomyl, diazinon, and phosmet were chosen for screening
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Fig. 1. Distribution of alfalfa
in California. Each dot repre
sents 1,000 acres (= 405 hec
tares). Closed circles, counties
where sufficient numbers of
adults of Cbrysoperla carnea
were collected for pesticide
screening. Open circles, coun
ties that were sampled but did
not produce sufficient C. car
nea for testing.

TABLE 2. INSECTICIDES USED IN SCREENING C. CARNEA COLLECTED FROM
SAN JOAQUIN, FRESNO, KERN, AND IMPERIAL COUNTIES IN CALIFORNIA

Field rate

Pesticide Formulation lb/acre* g AI/L H2O

Carbamates
carbaryl (Sevin, 50cro WP) 1.5 18.0
methomyl (Lannate, WS liquid) 0.45 5.4

Organophosphorus
insecticide

diazinon (50cro WP) 0.5 6.0
phosmet (Imidan, 50cro WP) 1.0 12.0

Pyrethroidt
permethrin (Ambush, Pounce, EC) 0.2 2.4
fenvalerate (Pydrin, EC) 0.1 1.2

*Rate recommended for control of pests in alfalfa, mixed in 10 gal of water (University of California
Extension Leaflet 2763).

tNot registered for use in alfalfa.

because they are frequently used to control pests in hay alfalfa fields in California (C.D.EA.
1978). The pyrethroids were not registered for alfalfa, but have a unique action and so were
included in the study. Sufficient lacewings for complete testing were collected from one site
each in San Joaquin, Fresno, and Kern counties (fig. 1). Imperial County lacewings were
collected and reared until there were sufficient numbers for testing. No lacewings were
found in the Siskiyou County sites sampled and insufficient lacewings for rearing and com
plete testing were found in Glenn or Los Angeles County sites sampled.
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Rearing Methods

Cages for adults consisted of plastic boxes (17.3 ern x 12.0 ern x 6.5 cm) with removable
lids. A hole (5 ern in diameter) was cut in each lid and replaced with fine polyester cloth
mesh. Up to 20 adults in approximately a 50:50 female:male ratio were placed in each cage.
Water-soaked cotton was placed inside and food was spread on the side of the box. The
food consisted of a mixture of 1 g yeast hydrolysate, 6 g Formula 57, 10 g of honey, and
enough water to make the food into a moist paste. A sheet of paper toweling (22 ern x
6 cm) was placed in the lid for females to deposit eggs on. The adults were moved to fresh
cages every 48 to 72 hours. Cages were kept in a rearing room at ambient conditions;
16L:8D, 24°C to 28°C, and 40 to 65 percent relative humidity.

After the adults were placed in a fresh cage, the eggs that had been deposited during the
previous 48 to 72 hours were placed in a growth chamber (25°C, 16L:8D, 40'70 relative
humidity) for 4 days. After the second day, eggs of the Mediterranean flour moth, Anagasta
kuehniella (Zeller), were added to the cages in preparation for emergence of the first instar
larvae. During the first 1Y2 years of the project, A, kuehniella eggs were simply sprinkled
into the box. Subsequently, cannibalism was reduced when the eggs were sprinkled onto a
10.2 ern by 15.3 em index card that had been thinly coated on one side with honey. The card
could be placed in the box honey-side down and larvae rested and fed on the underside of
the card. During the first year of rearing, plastic light diffuser squares were placed in the
boxes to provide refuges and reduce cannibalism. Later, 2 cm wide strips of plastic sheeting
loosely twisted and set in the box were found to control cannibalism better. In addition, the
plastic strips could be thrown away, reducing the incidence of disease as well as the time
spent washing. When the larvae reached the second instar, they were fed, depending on
availability, pea aphids, Acyrthosiphon pisum (Harris), A, kuehniella eggs, and heat-treated
larvae of the potato tuberworrn, Phthorimaea operculella (Zeller) (Finney 1948), every 48
to 72 hours until pupation. Pupae were removed from the larval boxes every 24 to 48 hours
to reduce cannibalism and placed in a screened 480 mL jar.

During 3 years of laboratory rearing, the vitality of the colony depended primarily on
successful development of the larvae. Successful larval development depended on the quan
tity of food received, which affected the level of cannibalism, and the variety of food received,
which affected nutrition. Larvae pupated more quickly and more successfully when they
received food at least every 48 hours and when they received more than one type of
prey. Tulisalo (1984) also noted that production of lacewing larvae is the critical stage in
mass-rearing.

Screening Methods

Adults

Before screening with the six pesticides (table 2), a test cage for adults was developed to
measure contact toxicity with a minimal influence of fumigant effects. The bottom half of
a glass petri dish, closed with a square of porous, disposable paper facial tissue, was used
to screen adult C, carnea (fig. 2). The inside of the dish was sprayed for 1 second with a
solution of formulated insecticide in distilled water or distilled water alone using a Crown
Spra-Tool aerosol can held 30 em from the dishes, then air dried for 1 hour. The dish was
placed upside down on the tissue. Test concentrations for carbaryl were 0.18 g, 0.9 g, 1.8 g,
and 3.6 active ingredient/liter (AI/L); for methomyl 0.0675 g, 0.135 g, 0.27 g, and 0.54 g



H1LGARD1A • Vol. 53 • No .6· October 1985 13

Fig. 2. Petri dish test cage used to screen adult Chry
soperlacarnea.

AIIL; for diazinon 0.03 g, 0.06 g, 0.12 g, and 0.6 g AIIL ; for phosmet 0.3 g, 0.6 g, 1.2 g,
and 2.4 g AIIL ; for permethrin 1.2 g, 2.4 g, 4.8 g, and 9.6 g AIIL; and for fenvalerate
2.4 g, 4.8 g, 9.6 g, and 48 g AIIL. Inside each dish two waxed paper squares (2 crn-) were
placed, one with food streaked on it and one with cotton containing distilled water. The food
consisted of a mixture of 4 g yeast hydrolysate, 7 g sucrose, and 10 mL distilled water
(Hagen and Tassan 1970) .

Five adult C. carnea, 3 females :2 males, were placed in each dish and the tissue was
secured with a rubber band. There were four dishes per concentration. Dishes were placed
on a rack so that air could circulate through the tissue on the bottom. Adult lacewings
generally prefer to hang upside down on the petri dish and so were exposed to the test
pesticide most of the time . The test animals remained in the dish for 48 hours at ambient
conditions. After 48 hours the number of surviving adults and the number and position of
eggs deposited in the test dish were recorded. Mortality of adults was analyzed using the
POLO computer program (Robertson et al. 1980). Adults from San Joaquin, Fresno, Kern,
and Imperial counties were tested on separate dates directly after collection from the field.
Adults from San Joaquin and Imperial counties were retested simultaneously after 2 years
in laboratory culture.

Larvae

Larvae were more difficult to screen than adults since they were very active and cannibal
istic. In addition, some chemicals (permethrin, fenvalerate, and diazinon) were repellent
and the larvae ran off the treated surface into Stikem barriers and died. Two different
methods were developed to test larvae with the six pesticides in this project . A brief sum
mary of previous methods for screening C. earnea larvae is presented to point out some of
the problems and to justify developing additional methods:

1. Cage spray. Cages were sprayed with formulated materials to runoff, allowed to dry
1 hour, and individual lacewings were introduced (Helgesen and Tauber 1974). Advan
tages of this method are that the entire surface is treated and escape is impossible.
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Disadvantages are that if the cage is plastic or cloth, it cannot be readily cleaned for
reuse; if it is glass, then there is no ventilation.

2. Munger cell cage. Mist atomization of formulated material on wax paper was used as
the base of a Munger cell cage (plexiglass with holes sandwiched between two plates
of plexiglass). Twenty first-instar larvae were placed in each cell with a diet of honey
and moth eggs. Cells were ventilated with an air pump (Bartlett 1964). Advantages
are that ventilation is provided and escape is difficult. Disadvantages are that only
part of the cage is treated, the air pump setup is complicated and time-consuming,
thereby limiting the number of larvae that can be tested, and the plexiglass may
absorb the pesticides.

3. Sprayed leaf placed in petri dish. Leaves sprayed with formulated material were allowed
to dry and then were placed in a closed, glass petri dish with 10 lacewing larvae
(Sukhoruchenko et al. 1977). Advantages are that testing is fast, dishes can be cleaned
for reuse, and larvae find it difficult to escape. Disadvantages are that not all of the
surfaces are treated, cannibalism is not prevented, and there is no ventilation.

4. Pesticide film in glass tube. A film of formulated pesticide in acetone was rolled on
the inside of a liquid scintillation counting vial, one larva was inserted with a 10
percent honey solution and moth eggs for food, and a plug of cotton was used to close
it (Plapp and Bull 1978, Rajakulendran and Plapp 1982a, 1982b). Advantages are that
a known amount of pesticide is applied and escape is impossible. Disadvantages are
that cotton plugs are not treated, ventilation is poor, and it is time-consuming to set
up many of these test cages.

5. Treated filter paper placed in petri dish. Glass rings were glued to plastic petri dishes
to form cells and so to contain individual larvae. Two holes were cut at the top of each
cell, one plugged with a cork for entry of larvae and one covered with organdy for
ventilation. Treated filter paper was inserted in the bottom (Wilkinson et al. 1975).
Advantages are that escape is impossible and a known amount of pesticide is applied
to the paper. Disadvantages are that not all of the surfaces are treated and plastic is
difficul t to clean and reuse.

6. Plexiglass with holes on treated glass plate. Rows of holes were drilled in plexiglass
and then encircled with a slippery material called Fluon to which the larvae cannot
hold. The plexiglass was placed on top of a glass plate treated with formulated pesti
cide (Hassan and Groner 1977, Suter 1978; Franz et al. 1980; Grapel 1981; Hassan
et al. 1983). Advantages are that larvae are individually caged, ventilation is good, all
the surfaces are treated, and the setup is fast. The only disadvantage is that the plexi
glass may absorb pesticides.

A critical problem was that all the previously described methods were time-consuming to
set up and so the number of larvae that could be tested per day was limited. Most previous
work had been done using large third instar larvae with an average of 30 individuals per
dose. We wanted to test 30 individuals per dose, five doses per insecticide, and four colo
nies: adding up to 600 individuals per test date. Two methods were developed for this
project. The plate method is modified after Suter (1978). The cup method was developed
for use with chemicals that were repellent.

Plate method. Plastic, disposable Microtiter plates (12.4 cm x 8.2 cm) manufactured
by Dynatech Laboratories and containing 96 wells (diam. = 0.6 ern, depth = 1.0 cm) were
used (fig. 3). The wells were filled with a solution of formulated insecticide in distilled
water with 0.1 percent wetting agent (Triton B) to help the insecticide adhere to the plastic.
Four concentrations of carbaryl (0.018 g, 0.036 g, 0.072 g, and 0.36 g AI/L), methomyl
(0.014 g, 0.027 g, 0.054 g, and 0.108 g AI/L), and phosmet (6 g, 12 g, 60 g, and 120 g
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Fig . 3. Microtiter plate used to
screen first instar larvae of Chrysop
erla cornea with carbaryl, methomyl,
and phosmet.

AlIL) were tested . The solution was emptied after 5 seconds and the plate was tapped four
times upside down on paper towels and dried in front of a fan for 30 minutes. Approxi
mately 100 A . kuehnie/la eggs were poured into each of the wells to serve as food for the
lacewing larvae. Each well was encircled with a sticky materi al (Stickem Special) to act as
a barrier using a disposable glass pipet. Larvae were fed A. kuehnie/la eggs for 24 to 48
hours after hatch and then were placed individually in wells of the treated test plates. The
larvae remained in the test plates for 72 hours and then survival , mortality, and runoff
into the Stickem were recorded. Individual s that could not right themselves when turned
on their backs were considered dead since experience showed that they would not survive
to adulthood. Mortality of the larvae was analyzed using the POLO computer program
(Robertson et al. 1980 ). During the experiment, plates were placed in a 3.75 L stainless
steel cabinet inside a Percival growth chamber at 25°C and I6L :8D . The desiccator cabinet
conta ined a plastic tray with a saturated sodium nitrite salt solution that maintained rela
tive humidity at approximately 64 percent (Winston and Bates 1960).

Effects of humidity. The effects of three humidity levels on the response of lacewing
larvae to four concentrations of carbaryl (0.018 g, 0.0 36 g, 0.072 g, 0.36 g AlIL) , methomyl
(0.014 g, 0.027 g, 0.054 g, 0.108 g AlIL ), and phosmet (6, g , 12 g, 60 g, and 120 g AlIL )
were examined using the plate method. The effect s of humidity on the response of lacewing
larvae to permethrin, fenvalerate, and diazinon were not examined since these pesticides
were tested using closed cups and humidity could not be controlled. Plates were placed in
one of three stainless steel desiccator cabinets that contained trays of either calcium chlo
ride, sodium nitrite, or potassium nitrate saturated salt solutions. These salt solutions main
tained relative humidities at approximately 29.5 percent, 64.0 percent, and 92 .5 percent,
respectively (Winston and Bates 1960). Mortality of the larvae for the three humidity levels
was analyzed and compared using the POLO computer program (Robertson et al. 1980 ).

Cup method. The cup method was used to test the effects of diazinon (0.015 g, 0.03 g,
0.06 g, and 0.12 g AlIL), permethrin (1.2 g, 2.4 g, 4.8 g, and 9.6 g Al/L), and fenvalerate
(1.2 g, 6.0 g, 12.0 g, and 24.0 AlIL). In this method, 30 mL disposable plastic cups and lids
were dipped in formul ated insecticide mixed with distilled water and 0.1 percent wetting
agent for 5 seconds , drained on paper towels, and allowed to dry in front of a fan for 30 min
utes. Approximately 100 A . kuehnie/la eggs and one first instar lacewing larva were placed
in each cup with a lid. The cups were placed in a growth chamber held at 25°C and I6L:8D.
Survival and mortality of the larvae were determined after 72 hours . There was no runoff
since the cups were covered with lids. Mortality of the larvae was analyzed using the POLO
computer method (Robertson et al. 1980).
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The cup method had two disadvantages. First, cups and lids were individually dipped in
the insecticide and so preparation was time-consuming. Only 300 larvae could be tested in 1
day using the cup method vs. 1000 larvae using the plate method. Second, since lids were
used, a fumigant effect could not be avoided. This method was necessary, however, because
permethrin, fenvalerate, and diazinon repelled the larvae and caused such a high level of
runoff into the Stikem that the test results of these pesticides using Microtiter plates were
obscured.

Mechanism of phosmet tolerance. First instar lacewing larvae were pretreated with
the oxidase inhibitor, piperonyl butoxide (PB), or the esterase inhibitor, phenyl saligenin
cyclic phosphonate (PSCP), to see if these inhibitors affect the response of larvae to phos
met. The dorsal thorax of each larva was pretreated with a 0.5 mL droplet of PB in
acetone (250 J-Lgig insect), PSCP in acetone (90 J-Lg/g insect), or acetone alone. The larvae
were then placed individually in the wells of plates that had been treated with formulated
phosmet in the manner described previously. The concentrations of phosmet used were
0.0 g, 0.12 g, 1.2 g, 12 g, and 120 g AI/L. The plates were placed in the stainless steel
desiccator cabinet within the Percival growth chamber (64~o relative humidity, 25°C,
16L:8D) for 72 hours and mortality of the larvae was recorded.

Eggs

Eggs for pesticide screening were obtained by allowing 15 to 20 female lacewings to
deposit eggs on a 17 ern by 11 em area of paper toweling for 24 hours. Each paper towel was
cut in half. Half was sprayed for 1 second with formulated insecticide in distilled water
while the other half was sprayed with distilled water alone to act as a control. The spraying
was done using a Crown Spra-tool aerosol can held 30 cm from the eggs. Field rates of
formulated material recommended for use in alfalfa mixed in 10 gallons of water were used
(table 2). Eggs were allowed to air dry then placed in a growth chamber for 72 hours at
25°C, 16L:8D and 40 percent relative humidity. After 72 hours the eggs were clipped off
the egg stalks and placed individually into wells of the Microtiter plates. Each well was
encircled with Stikem and after 72 hours larval emergence was recorded.

Reproductive Compatibility

Imperial and San Joaquin strains

Fifty 3-day-old larvae from each of the Imperial and San Joaquin County colonies were
placed individually in 30 mL plastic cups and reared to adult stage on a diet of A. kuehniella
eggs and P. apercu/ella larvae. To ensure comparable vigor the two colonies were fed the
same quantity and types of food while reared from egg to adult. As adults emerged they were
sexed and placed as pairs in rearing cages consisting of a 480 mL plastic cup with lid. A hole
approximately 6 ern in diameter was cut in the lid for ventilation and a square of paper tissue
was placed in the lid to prevent escape of the adults. Adult diet was streaked on the side of
the cage and water soaked cotton was placed inside. Crosses included four each of an Impe
rial female and an Imperial male (I x I), an Imperial female and a San Joaquin male (I x S), a
San Joaquin female and an Imperial male (S x I), and a San Joaquin female and a San
Joaquin male (S x S). Each pair was moved to a fresh cage and all eggs were counted every
48 to 72 hocrs until the female died. For the first 6 weeks of oviposition, eggs were clipped
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off their stalks and placed individually in wells of the Microtiter plates. Wells were ringed
with Stikem and eggs were allowed to develop. After 72 hours, the percentage of eggs that
had hatched was recorded. Differences in daily fecundity and egg hatch between Imperial
and San Joaquin County strains were analyzed by ANOVA.

RESULTS AND DISCUSSION

Response of adult C. carnea to two pyrethroids

Adult C.carnea were extremely tolerant of both pyrethroids tested (table 3) (permethrin
and fenvalerate), easily tolerating the field rates, which are 2.4 g and 1.2 g AI/L in 37.8 L of
water, respectively (table 2). In fact, it was difficult to mix the formulated materials in
sufficiently high concentrations to obtain concentration mortality lines. This low mortality
coupled with a high level of variability between tests did not allow 95 percent confidence
intervals to be computed for the LCsos and LC90s. Probit analysis showed no differences
between the LCSO values or slopes of the four adult lacewing colonies when exposed to
permethrin or fenvalerate.

After 2 years of laboratory culture, adult lacewings from San Joaquin County and Impe
rial County, retested simultaneously, still exhibited high tolerance to both pyrethroids (fig.
4). No significant difference in response to fenvalerate between the two colonies was found.
However, a significant difference between the slopes and intercepts (p -s 0.0)) was found
for the San Joaquin County lacewings and the Imperial County lacewings tested with
permethrin.

Permethrin and fenvalerate were not registered for use in alfalfa when the lacewing
adults were collected. Therefore, this high tolerance by adult lacewings to pyrethroids is
probably not due to exposure in the field, but is a natural tolerance. Ishaaya and Casida
(1981) demonstrated high natural esterase activity in larvae of C.carnea and suggested that
this is an important biochemical mechanism for resistance to pyrethroids. Although these
high levels of esterase enzymes have not been looked for in C. carnea adults, it is possible
that the adults also possess them.

Response of adult C. carnea to two carbamates

Adult lacewings were more susceptible to the carbamates than to the pyrethroids tested
(table 3). The LCSO values ranged from 0.552 g to 1.440 g AI/L for carbaryl and 0.108 g to
0.308 g AI/L for methomyl. These values are well below the field rates used for these
chemicals in alfalfa (18.0 g and 5.4 g AI/L, respectively, see table 2). For carbaryl, Imperial
County adults exhibited significantly lower mortality (p -s 0.05) than Kern and Fresno
County adults and San Joaquin County adults exhibited the highest mortality of the four
colonies. For methomyl, Fresno County adults exhibited the lowest mortality and San
Joaquin County adults the highest. Imperial and Kern counties had intermediate mortality.

Table 4 presents data for pesticide usage in California alfalfa fields in total pounds active
ingredient for the years 1976, 1979, 1981, and 1982. San Joaquin and Kern County alfalfa
received the lowest amounts of carbaryl and methomyl during those years, which corre
sponds to the low tolerance lacewing colonies exhibited to these insecticides. Fresno and
Imperial County lacewing adults exhibited highest tolerance to carbaryl and methomyl,
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TABLE 3. DIFFERENTIAL RESPONSES TO SIX PESTICIDES EXHIBITED BY ADULT
C. CARNEA COLLECTED FROM FOUR CALIFORNIA COUNTIES IN 1981

Pesticide LC5~ LC90 Slope of dosage

gAI/L gAI/L
Colony (95,"0 confidence (95,"0 confidence Mortality line
testedt limits):J: limits) ± standard error

Permethrin
San Joaquin 5.376a 24.96 3.29 ± 1.53

(-) (-)

Fresno 11.232a 390.34 1.43 ± 0.78
(-) (-)

Kern 2.401a 354.00 1.44 ± 1.77
(-) (-)

Imperial 12.816a 345.32 1.94 ± 1.18
(-) (-)

Fenvalerate
San Joaquin 10.431a 11.28 11.11 ± 0.24

(-) (~)

Fresno 10.644a 32.00 4.60 ± 1.92
(-) (-)

Kern 17.496a 233.47 1.95 ± 1.51
(-) (-)

Imperial 13.812a 45.37 2.25 ± 0.92
(-) (-)

Carbaryl
San Joaquin 0.552a 1.674 4.34 ± 1.03

(0.180-0.864) (0.990-5.346)
Fresno 0.990b 2.070 6.89 ± 2.02

(0.648-1.314) (1.530-4.950)

Kern 0.774b 2.844 3.87 ± 0.98
(0.324-1.206) (1.728-10.390)

Imperial 1.440c 3.618 5.44 ± 1.16
(0.972 -2.160 ) (2.340-13.320)

Methomyl
San Joaquin 0.108a 0.205 7.82 ± 3.36

(0.032-0.135 ) (0.167-0.416)
Fresno 0.308c 1.193 3.71 ± 1.52

(0.198-0.631 ) (0.887 -2.420)
Kern 0.130ab 0.313 5.81 ± 1.49

(0.114-0.528) (0.227 -0.664)
Imperial 0.151b 0.529 3.98 ± 1.44

(0.121-0.332) (0.259-0.631 )
Diazinon

San Joaquin 0.084a 0.132 7.21 ± 1.70
(0.066-0.114) (0.102 -0.240 )

Fresno 0.096a 0.564 2.87 ± 1.01
(0.060-0.426 ) (0.204-107.22)

Kern 0.210b 0.444 6.71 ± 1.70
(0.114-0.528) (0.246- 3.864)

Imperial 0.150b 0.270 4.42 ± 1.25
(0.108-0.408) (0.180- 3.590)

Continued
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TABLE 3. CONTINUED

Pesticide LCso* LC90 Slope of dosage

g AI/L g AI/L
Colony (95,"0 confidence (95,"0 confidence Mortality line
tested'[ limits):J: limits) ± standard error

Phosmet
San Joaquin 0.588a 0.648 17.87 ± 8.20

(0.318-0.699) (0.453-0.819)

Fresno 0.588a 0.636 17.00 ± 8.00
(0.318-0.698) (0.412-0.999)

Kern 0.312a 0.576 8.06 ± 4.26
(0.211-0.598) (0.286-0.718)

Imperial 0.588a 0.636 16.89 ± 8.90
(0.264-0.614) (0.484-0.715 )

*LCso values for each pesticide in each column followed by the same letter indicate that the slopes and
intercepts are not significantly different at the p = 0.05 level according to the maximum likelihood
method.

tTwenty adults (collected from the field) were tested at each dose.
:J:( -) indicates that 95<,70 confidence limits could not be computed.
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Fig. 4. Concentration-mortality re
lationships of adult C. carnea from
Imperial and San Joaquin counties
(A) exposed to permethrin and (B)
exposed to fenvalerate.
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TABLE 4. TOTAL INSECTICIDE USAGE IN CALIFORNIA ALFALFAFIELDS

Total pounds active ingredient used in alfalfa during 1976, 1979, 1981,
and 1982*

Insecticide San Joaquin Fresno Kern Imperial

Carbaryl 1,693.0 33,520.4 2,901.0 23,024.8
Methomyl 12,202.2 100,094.3 27,353.0 262,676.1
Diazinon 32,923.8 48,595.4 59,489.6 100,116.4
Phosmet 4,664.1 41,698.4 21,916.9 98,905.2

*Source: California Department of Agriculture Pesticide Usage Data Bank.

which again corresponds to the higher amounts of carbaryl and methomyl used there. Thus,
higher pesticide use appears to correspond with higher tolerance of adult C. carnea to car
baryl and methomyl.

After 2 years of laboratory rearing, the San Joaquin and Imperial County lacewings were
retested simultaneously with carbaryl and methomyl (fig. 5). The resulting LC50 and LC90
values were similar to the previous testing. Once again, significant differences (p -s 0.05) in
responses to both carbaryl and methomyl were found between these two colonies.
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Response of adult C. carnea to two organophosphorus insecticides

21

Adult lacewings were highly susceptible to the organophosphorus insecticides (table 3).
The LCSO values ranged from 0.084 g to 0.210 g AI/L for diazinon, and 0.312 g to 0.588 g
AI/L for phosmet. These values are well below the field rates used for these chemicals in
alfalfa (6.0 g and 12.0 g AI/L, respectively, see table 2). For diazinon, Kern and Imperial
County adults exhibited significantly lower mortality (p :5 0.05) than Fresno and San Joa
quin County adults. There were no significant differences between the slopes and intercepts
for any of the adults tested with phosmet.

After two years of laboratory rearing, the San Joaquin and Imperial County lacewings
were retested simultaneously with diazinon and phosmet (fig. 6). The results were similar to
those previously obtained. Significant differences (p :5 0.05) in response to diazinon were
found between these two colonies. No significant differences in concentration responses
existed between the colonies tested with phosmet.

Again, higher exposure to diazinon in Kern and Imperial counties (table 4) corresponds
to increased tolerance of diazinon by adult C. carnea from these counties (table 3). How
ever, higher exposure to phosmet did not improve the tolerance of adult C.carnea to this
chemical.

Fig. 6. Concentration-mortality rela
tionships of adult C. carnea from Imperial
and San Joaquin counties (A) exposed to
diazinon and (B) exposed to phosmet.
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Effects of relative humidity on larval response to carbaryl, methomyl,
and phosmet

Humidity had no significant effect on lacewing responses to carbaryl (table 5). First
instar larvae exposed to methomyl exhibited significantly lower mortality (p -s 0.05) at
92.5 percent relative humidity than at 29.5 percent or 64 percent relative humidity, as
demonstrated by the higher LC50 value. First instar larvae exhibited higher mortality on
phosmet residues as humidity increased and this difference was significant (p -s 0.05)
between all three humidity levels.

TABLE 5. DIFFERENTIAL EFFECTS OF HUMIDITY ON THE RESPONSE OF C. CARNEA
LARVAE TO CARBARYL, METHOMYL, AND PHOSMET

LCso values obtained at three different relative humidities*t

Insecticide 29.5'0 64.0'0 92.5'0

Carbaryl
LC50 0.0389a 0.0272a 0.0443a
Slope ± S.E. 1.96 ± .28 1.63 ± .26 1.73 ± .30

Methomyl
LC50 0.0108a 0.0151a 0.0278b
Slope ± S.E. 5.05 ± 1.01 5.12 ± .81 6.53 ± .91

Phosmet
LC50 354.0a 166.8b 52.8c
Slope ± S.E. 3.09 ± 1.43 2.67 ± .83 2.18 ± .57

*LC50 values for each pesticide in each column followed by the same letter indicate that the slopes
and intercepts are not significantly different at the p = 0.05 level according to the maximum likeli
hood method.

tg AI/L.

Response of C. carnea larvae to two pyrethroids

Lacewing larvae, like the adults, were tolerant of the pyrethroids, permethrin and fenval
erate (table 6). LC50values ranged from 2.75 g to 29.81 g AI/L for permethrin and 16.75 g
to 26.6 g AI/L for fenvalerate. These rates are well above the field rates recommended for
field crops (2.4 g and 1.2 g AI/L, respectively). It was difficult to obtain LC50 values with
95 percent confidence intervals for larval response to these chemicals since there was very
little mortality even at field rates for all four colonies. This tolerance is apparently natural.
It is thought to be primarily due to high esterase enzyme activity in the larvae (Ishaaya and
Casida 1981).

Interestingly, even though the larvae were extremely tolerant of both pyrethroids, signifi
cant variability in response to these pesticides occurred between the four colonies (table 6).
For perrnethrin, Fresno and Imperial County larvae exhibited significantly lower mortalities
(p -s 0.05) than Kern and San Joaquin County larvae. For fenvalerate, Imperial County
larvae exhibited significantly lower mortality (p -s 0.05) than San Joaquin and Fresno
County larvae. It is not likely that the variability in tolerance to permethrin and fenvalerate
is due to variability in exposure to these two pesticides because they have been registered for
less than 5 years on only a few crops in California. It is more likely that many pesticides have
contributed, through cross-resistance, to the improved tolerance of the Imperial strain of
C. carnea Although it is impossible to determine specifically which pesticides have con-
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tributed to lacewing tolerance, we can look at total pounds and total pounds/crop acre of
nonfumigant pesticides used in the four counties in California in 1976 (table 7). Imperial
County applied three to four times the amount of pesticides per crop acre than the other
counties. This information supports the hypothesis that the higher tolerance of Imperial
County lacewings is due to higher exposure to pesticides in general.

TABLE 6. DIFFERENTIAL RESPONSES TO SIX PESTICIDES EXHIBITED BY FIRST
INSTAR C. CARNEA LARVAE REARED FROM ADULTS COLLECTED FROM

FOUR COUNTIES IN CALIFORNIA

Pesticide LC5~ LC90 Slope of dosage

No. larvae g AI/L g AI/L
Colony tested (95'0 confidence (95'0 confidence Mortality line
tested per dose limits)t limits) ± standard error

Permethrin
San Joaquin 55 7.78a 22.56 2.77 ± 0.41

(3.68-11.44) (15.29-48.81 )
Fresno 30 29.81c 244.02 1.40 ± 1.04

(-) (-)

Kern 30 2.75a 134.42 0.76 ± 0.76
(-) (-)

Imperial 65 20.64b 53.38 3.11 ± 0.45
(14.75-27.48) (37.11-131.57)

Fenvalerate
San Joaquin 70 18.01a 64.69 2.31 ± 0.31

(11.78-28.90) (37.01- 309.18)
Fresno 35 16.75a 34.26 4.12 ± 0.94

(8.91- 24.63) (21.22-120.63 )
Kern 35 19.64ab 97.89 1.84 ± 0.56

(15.21- 38.91) (40.30-220.92)
Imperial 95 26.60b 208.72 1.43 ± 0.19

(17.58-52.10) (87.03-2080.56)
Carbaryl

San Joaquin 288 0.0164a 0.064 2.17 ± 0.15
(0.0058 -0.0259) (0.0407 -0.1528)

Fresno 72 0.0284b 0.082 2.79 ± 0.38
(0.0221-0.0628) (0.0731-0.5110)

Kern 144 0.0355b 0.075 3.93 ± 0.34
(0.0245 -0.0850) (0.0680-0.4318)

Imperial 576 0.0378b 0.189 1.84 ± 0.89
(0.0171-0.0623 ) (0.1066-0.7045)

Methomyl
San Joaquin 180 0.0110ab 0.028 3.12 ± 0.28

(0.0052-0.0151 ) (0.0207 -0.0591)
Fresno 88 0.0141b 0.054 2.20 ± 0.30

((0.0068-0.0193 ) (0.0354-0.0921 )
Kern 168 0.0047a 0.042 1.34 ± 0.26

(0.0012-0.0083 ) (0.0318-0.0511 )
Imperial 276 0.0146b 0.050 2.42 ± 0.17

(0.0082-0.0203 ) (0.0337 -0.1183)
Diazinon

San Joaquin 196 0.0276a 0.102 2.25 ± 0.22
(0.0115-0.0403 ) (0.0680-0.2682)

Continued on next page
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TABLE 6. CONTINUED

Pesticide LC5~ LC90 Slope of dosage

No. larvae g AI/L g AI/L
Colony tested (95'0 confidence (95'0 confidence Mortality line
tested per dose limits)t limits) ± standard error

Fresno 40 0.0292a 0.051 5.33 ± 1.23
(-) (-)

Kern 40 0.0132a 0.054 2.09 ± 0.83
(-) (-)

Imperial 312 0.0524b 0.131 3.23 ± 0.20
(0.0246-0.839) (0.0822-0.7675 )

Phosmet
San Joaquin 48 120.0a 244.2 1.70 ± 0.85

(-) (-)

Fresno 48 209.6a 863.4 2.09 ± 0.68
(-) (-)

Kern 96 439.2b 4750.1 1.24 ± 0.28
(-) (-)

Imperial 96 1902.0c 38475.5 0.98 ± 0.36
(-) (-)

*LCso values in the same column for each pesticide followed by the same letter indicate that the slopes
and intercepts are not significantly different at the p = 0.05 level according to the maximum likeli
hood method.

t( -) indicates that 95'70 confidence intervals could not be computed.

Response of C. carnea larvae to two carbamates

Larvae from all four counties were susceptible to field rates of carbaryl (LC50= 0.0164 g
to 0.0378 g AI/L) and methomyl (LC50= 0.0047 g to 0.0146 g AI/L) (table 6). For car
baryl, San Joaquin County larvae exhibited significantly higher mortality (p -s 0.05) than
Fresno, Kern, and Imperial County larvae. For methomyl, Kern County larvae showed sig
nificantly higher mortality (p -s 0.05) than Fresno and Imperial County larvae. Fresno and
Imperial County larvae exhibited the highest tolerances, which is consistent with the data
showing that these two counties have the highest carbaryl and methomyl usage in alfalfa
(table 4).

TABLE 7. NONFUMIGANT PESTICIDE LOAD IN THE COMMODITIES USING 98.9'70 OF
THE RESTRICTED PESTICIDES APPLIED IN SAN JOAQUIN, FRESNO, KERN, AND

IMPERIAL COUNTIES DURING 1976*

San Joaquin Fresno Kern Imperial

Totallb active
ingredient used 423,945 982,283 477,727 1,523,161

Total active
ingredient/
crop acre 1.00 0.97 0.61 2.82

*Source: California Department of Food and Agriculture (1978).

Response of C. carnea larvae to two organophosphorus insecticides

Exposure to diazinon resulted in LC50 values of 0.0132 g to 0.0524 g AI/L (table 6).
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Larvae from Imperial County exhibited significantly lower mortality (p -s 0.05) than the
other three colonies. Once again, this result is consistent with higher pesticide exposure in
Imperial County alfalfa fields (table 4).

Lacewing larvae, unlike adults, were extremely tolerant of the organophosphorus pesti
cide phosmet (LCSO= 120 g to 1902 g AI/L) (table 6). All four colonies exhibited a high
tolerance. The low mortality did not allow 95 percent confidence intervals to be computed.
Piperonyl butoxide (PB), a mixed-function oxidase inhibitor, had little or no effect on the
response of C. carnea larvae to phosmet (fig. 7). The esterase inhibitor, phenyl saligenin
cyclic phosphonate (PSCP), however, increased the mortality of both Imperial and San
Joaquin larvae significantly (p ::5 0.05) (fig. 7). This suggests that esterase enzymes are
being utilized in the detoxification of phosmet, an organophosphorus insecticide. This is an
interesting result as organophosphorus insecticides are more frequently detoxified oxida
tively (Hodgson 1968).

Even though C. cornea larvae were extremely tolerant of phosmet, the four colonies of
lacewings responded significantly differently to this chemical (table 6). Imperial County
larvae exhibited the lowest mortality and San Joaquin and Fresno counties exhibited the
highest mortality. Again, the improved tolerance of Imperial lacewings may be due not just
to phosmet exposure but rather to the total pesticide exposure, which is three to four times
higher in this county than in the other counties (table 7).

Effects of pesticides on egg hatch

There was no significant difference (p ::5 0.05) between percentage hatch of the pesti
cide-treated eggs as compared to their water controls for any of the six pesticides tested.
Egg hatch varied from 81.1 percent to 97.4 percent (table 8). These results agreed with
the tests conducted with carbaryl (Bartlett 1964), methomyl (David et al. 1980), diazinon
(Bartlett 1964), and other pesticides (Bartlett 1964, Helgesen and Tauber 1974, Hassan
and Groner 1977, Bull and House 1978). Only oils have been found to have a significantly
detrimental effect on egg hatch (Bartlett 1964).
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TABLE 8. NONSIGNIFICANT EFFECT OF SIX PESTICIDES ON EGG HATCH OF
C. CARNEA COLONIES FROM IMPERIAL AND SAN JOAQUIN COUNTIES IN CALIFORNIA

Colony Treated Control

Pesticide Tested Egg hatch Tested Egg hatch
tested (No.) (%) (No.) ('0)

Imperial County
Carbaryl 38 97.4 56 94.6
Methomyl 53 88.7 36 83.3
Diazinon 80 82.5 100 92.0
Phosmet 88 93.2 62 87.1
Permethrin 112 83.9 97 88.6
Fenvalerate 82 89.0 75 93.9

San Joaquin County
Carbaryl 48 89.6 33 84.8
Methomyl 60 85.0 29 86.2
Diazinon 90 81.1 61 83.6
Phosmet 73 82.2 29 86.2
Permethrin 49 81.6 27 88.8
Fenvalerate 49 93.9 31 93.6

Reproductive compatibility between Imperial and San Joaquin strains

One possible explanation for the large difference in pesticide tolerances exhibited by
Imperial and San Joaquin County lacewings is that they are different species or subspecies.
Adult and larval specimens were sent to C. A. Tauber (Department of Entomology, Cornell
University), who was unable to detect any morphological evidence to reject the hypothesis
that they are the same species.

A breeding experiment was conducted to determine whether the two colonies could inter
breed and produce fertile offspring. The San Joaquin colony females deposited a lower
cumulative mean number of eggs than the Imperial females; the reciprocal crosses re
sponded in an intermediate manner (fig. 8). However, the slopes of the lines for cumulative
oviposition were not significantly different (p ::5 0.05). Daily oviposition ranged from
10.4 to 14.7 eggs per day per female but was not significantly different between the four
groups (p es 0.05) (table 9) and the total fecundity was greater than 500 eggs for all hybrid
females. Thus, the fecundity of hybrid females from S x I and I x S crosses appeared to be
normal. Moreover, percentage egg hatch was not significantly different (p ::5 0.05) between
the four crosses (table 9). Therefore, Imperial and San Joaquin County lacewings appear to
be conspecific and differences in their response to pesticides appear to be due to differences
in pesticide use in the different counties.

TABLE 9. COMPARISONS OF DAILY OVIPOSITION AND PERCENTAGE EGG HATCH OF
THE IMPERIAL (I) AND SAN JOAQUIN COUNTY(S) STRAINS OF C. CARNEA

AND THEIR RECIPROCAL CROSSES (S x I) AND (I x S)

No. eggs deposited Percentage
Cross per female per day*t egg hatch

SxS 10.4a (1.9) 83.0a ( 7.8)

SxI 11.3a (1.4) 89.6a ( 2.8)

I x S 14.7a (3.2) 88.7a (16.5)

I x I 14.1a (2.4) 75.9a (17.7)

*Standard deviation is in parentheses.
tMeans followed by the same letter in each column are not significantly different at the p = 0.05 level

according to ANOVA.
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Fig. 8. Mean cumulative ovipo
sition by interbreeding pairs of C.
carnea from Imperial (1) and San
Joaquin (5) counties. The (3) sig
nifies point at which the initial
four pairs were reduced to three.
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CONCLUSIONS

Test results obtained with carbaryl and diazinon for adult C. carnea agreed with the
literature that reports these pesticides to be highly toxic to adults (Bartlett 1964). The
effects of permethrin, fenvalerate, methomyl, and phosmet on adult C.carnea had not been
previously reported.

The effects of methomyl, diazinon, permethrin, and fenvalerate on larval mortality gen
erally agreed with previous data. Methomyl was highly toxic to larvae (Plapp and Bull 1978;
Pitts and Pieters 1982; Hassan et al. 1983), as was diazinon (Bartlett 1964; Suter 1978).
With the exception of the work by Hassan et al. (1983), permethrin and fenvalerate have
been shown to exert little direct effect on C. carnea larvae (Shour and Crowder 1980;
Ishaaya and Casida 1981; Plapp and Bull 1978 ). Hassan et al. (1983) combined mortality of
larvae and effects on adult fecundity into one rating. Thus, it is difficult to know exactly
which stage was affected. In addition, tests by Hassan et al. (1983) were long-term tests, not
short-term measures of mortality.

Our results differed with the only published report on the effects of phosmet on larval
mortality. Sukhoruchenko et al. (1977) reported a highly toxic effect of phosmet on larvae
of C. carnea. Our tests demonstrated that C. carnea larvae in California are highly tolerant
of phosmet.

Reports in the literature on the effects of carbaryl on C. carnea larvae are variable.
Bartlett (1964) and Sukhoruchenko et al. (1977) reported a highly toxic effect while Wil
kinson et al. (1975) and Plapp and Bull (1978) reported a very low toxic effect on larvae.
The results of the present study indicate that carbaryl is moderately toxic to lacewing larvae
in California, and that the response varies geographically. The differences reported in the
literature may be explained by the fact that Bartlett (1964) and Sukhoruchenko et al. (1977)
used first instar larvae and the other workers used the more tolerant third instar larvae.
This variability in results points out the need for uniform testing methods so that results
can be compared. Another explanation for the variability in results is that some strains
could have become partially resistant to carbaryl through field selection.
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Larvae or adult C. carnea from different counties in California exhibited significantly
different responses to most chemicals tested. The fact that Imperial County lacewings were
more tolerant of pesticides in general suggests that they are gradually developing resistance
to these insecticides due to a higher pesticide pressure (although the resistance level has not
attained field spray rates yet). Although levels of exposure of individual pesticides in alfalfa
bear out the trend of higher tolerance with higher exposure, it may be more important to
look at exposure to all pesticides in all major crops. Female C. carnea have a two to three day
period of adaptive dispersal before mating (Duelli 1980). Moreover, adults are highly mobile
in their search for honeydew and females may deposit their eggs on a crop different from
the one they inhabited as immatures. Thus, they may experience more than one pesticide
during their lifetime. Finally, development of resistance to one pesticide may increase the
level of tolerance to another (cross-resistance) or decrease tolerance to another (negatively
correlated cross-resistance). For example, exposure to one organophosphorus insecticide
may induce enzyme levels that aid in detoxification of another pesticide. At this time there
is no way to determine how much or which types of pesticides are affecting the tolerance of
Imperial lacewings.

This is the first documentation of intraspecific variability of pesticide tolerance in C.
carnea. Shour and Crowder (1980) tested two colonies of C. carnea larvae from widely
separated geographical locations that had different pesticide treatment histories and did not
find significant differences between the colonies. However, they tested permethrin and
fenvalerate, which C. carnea naturally tolerate. They also used third instar larvae, which
are more tolerant of pesticides than first instar larvae. Our work with the same chem
icals, using first instar larvae, demonstrated significant variation in larval response to
these chemicals.

Generalizations about the tolerance of green lacewings for many pesticides are frequently
made after comparing data from different countries. Tolerance comparisons may be valid
for chemicals for which C. carnea has a natural tolerance. However, our data (tables 3, 6;
figs. 4, 5, 6) suggest that lacewings respond to local pesticide regimes and lacewing re
sponse to a particular chemical in one locality may not be the same as in another geograph
ically isolated area. As is the case with phytoseiid mites (Hoy 1985), C. carnea appears to be
responding to local levels of pesticide exposure. Although selection has not caused C. car
nea to develop field rate resistance levels, the existence of more tolerant strains gives en
couragement that field or laboratory selection for full resistance may one day be successful.
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