
Project No. BO-J4 
(Continuation of Project No. 79-J3) 

Cooperator: 
University of California 
Department of Entomological Sciences 
201 Wellman Hall 
Berkeley, California 94720 

Project Leader: Dr. Marjorie A. Hoy Phone (415) 642-3989 

Personnel: Kathy B. Smith 

Project: Nave 1 Orangeworm Research 
Control of Mites on Almonds 

Ob"ectives: (1) To evaluate further the possibility of establishing permethrin 
A. ush/Pounce) -resistant Metaseiulus occidentalis in almond orchards; (2) to con

tinue to evaluate the possibility of establishing SevinR (carbary1)-resistant M. 
occidenta1is in almond orchards; (3) to continue evaluation of the Australian mite 
predator, Stethorus 10xtoni for California almond orchards; (4) to test reduced 
rates of OmiteK for spider mite management; (5) to act as an advisor on mite problems 
for IPM personnel and assist them in monitoring test plots for mites. 

Progress: ~Jork during 1979 indicated that the carbaryl-resistant strain selected 
by R. T. Roush established, survived field applications and controlled spider mites 
in the Visalia and B1ackwe1ls Corner almond orchards. Additional releases should 
determine how widespread this success could be; also samples of overwintering pop
ulations will indicate how long the carbaryl resistance ought to persist in the 
field. The permethrin-resistant strain was released but did not do well in almond 
orchards, probably due to improper release strategy. Results in an apple orchard 
were favorable, and new releases will incorporate that information. Also, a genetic 
analysis will have been completed of the mode of inheritance of the resistance and 
a more resistant strain will be released. 

Releases of Stethorus 10xtoni suggested establishment ought to occur; laboratory 
and field cage information indicate S. loxtoni ought to be able to overwinter in 
California. The most limiting factor-will probably be its sensitivity to pesticides. 

Reduced rates (one or two pounds) of Omite were compared to a nonmal rate (five 
pounds) applied to an orchard near Bakersfield and indicated that the two pound 
rate gave better mite control and may be less disruptive to predator populations. 
Additional tests may show that mite management is more effective with lower rates 
of acaracide without causing disruption of predators such as M. occidentalis, thus 
saving costs for materials as well as giving improved control: 

Plans: (1) To evaluate a permethrin-resistant strain (Ambush/Pounce) of Metaseiulus 
occidenta1is in almond orchards, using a more resistant strain than in 1978 and 
using different release strategies; (2) to release the carbaryl-resistant strain 
into additional almond orchards; field tests during 1979 were very successful with 
this strain; (3) to release the Australian mite predator, Stethorus 10xtoni, into 
additional almond orchards; (4) to conduct tests with reduced rates of Omite for 
spider mite management. 

Almond Indust~ Participation $15,231 
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College of Natural Resources 
Agricultural Experiment Station 
Division of Entomology and Parasitology 

Dr. Dale Morrison 
Almond Board of California 
P.O. Box 15920 
Sacramento, CA 95813 

Dear Dale: 

Berkeley, California 94720 

December 18, 1980 

Enclosed are 2 copies of my 1980 report. I have sent a copy to M. Barnes, 
D. Rice, F. Zalom, C. Davis, B. Barnett, W. Bentley, N. Ross and D. ROugh. 

If you or Bob have questions, please contact me at (415) 642-3989. 

Thank you very much for your assistance. Our request for funds for 
1981-82 is on its way. 

MAH:fk 
Enc1 

Sincerely, 

Marjorie A. Hoy, 
Associate Professor 

P.S. I enclose a copy of a letter a plant pathologist might find useful. 

fRl~~fEn/~@ 
. DEC 2 D 1980 IllJ 

A LiVh)/\j 0 BOARD 



CONTROL OF MITES ON ALMONDS 

Project 80-J4 
Project Leader: Marjorie A. Hoy, V.C., Berkeley December 1980 

Objectives for 1980 were: 1) to evaluate the possibility of establishing Guthion
Sevin and Guthion-Ambush/Pounce resistant spider mite predators (Metaseiulus 
occidentalis) in almond orchards; 2) To release the spider mite predator Stethorus 
loxtoni for establishment in California almonds; 3) To evaluate the use of low 
rates of Omite to manage spider mites in collaboration with the IPM group headed 
by Clancy Davis and Wilbur Reil. 

During the 1980 field season we tested the selected strains of M. occidentalis 
in almonds, apples and pears. The Sevin-Guthion strain overwintered in 3 almond 
orchards where it had been released in 1979. In the Bakersfield IPM orchard, 
we documented that predators released into a few trees along a road in August 1979 
have spread throughout 25 acres of the orchard and probably are in the entire 80 
acre block. They survived a Sevin application in July 1980 and substantially 
helped to control spider mites, along with low rates of Omite (1, 2 or 5 lbs/ 
acre). We are thus optimistic that this Sevin-Guthion resistant predator can be 
released, established, and survive in commercial almond orchards, and larger scale 
releases should be made in 1981. (We want to try releasing the predators from a 
helicopter.) 

The permethrin (Ambush/Pounce)-Guthion resistant predator strain also 
performed well in 1980. It successfully overwintered in a Sebastopol apple orchard 
where it had been released in June 1979. Releases in 1980 into almond, apple and 
pear orchards showed we can establish this strain and that it can survive low 
commercial rates of Ambush/Pounce (0.05, 0.1 or 0.2 lbs AI/acre). The resistance 
is determined by several genes, so can be lost if the predators interbreed with 
native (susceptible) ~. occidentalis. However, if releases are made after permethrin 
is applied, we have obtained successful establishments. This strain also will be 
tested on a larger scale in 1980. 

Stethorus loxtoni, the small lady beetle predator of spider mites, was 
released in 1980 for the third year. No evidence of establishment was obtained and 
this project will be discontinued. Our best guess is that this beetle's sensitivity 
to pesticides is a critical factor in its failure to establish in commercial almond 
orchards. It is possible that it has established in the San Joaquin Valley in . 
unsprayed areas. 

During 1980, we tested the use of low rates of Omite to manage mites. We 
tested 1, 2, and 5 lbs Omite/acre at the Bakersfield IPM plot (where the Sevin
Guthion resistant predator helped control mites) and in the Manteca IPM plot, 
where the native predators are susceptible to Sevin. These rates were put on by 
ground; we also compared 10 and 2 lbs Omite at the Bakersfield IPM orchard applied 
by helicopter. All plots were treated with Sevin in July. The results indicate 
that reduced rates of Omite, applied at the proper time, can give good control of 
spider mites. This work should be continued in 1981 on a much larger scale. 
However, it appears that combining low rates of Omite with resistant predators 
(M. occidental is) may offer a useful spider mite management system that should 
s;bstantially reduce acaricide costs. Even in the Manteca orchard, where M. 
occidentalis' effectiveness was reduced by Sevin applications, the 5 and 2-lb 
rates gave promising results. 
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AgrlcuUuraJ Division 

CIBA-GEIGY Corporation 
925 N. Grand Avenue 
Covina. California 91724 
Telephone (213) 331 0077 

Dr. Marjorie A. Hoy 
Division of Entomology 
201 Wellman 
University of California 
Berkeley, CA 94720 

Dear Dr. Hoy: 

elBA-GEIGY 

November 

.j 
G

hank you for your report on the ~oler~nc~ of Metaseiulus 
occidentalis to CGA-64251. This will oe-valuable to us in 

, understanding how to fit this compound into the marketplace 
with respect to IPM programs. 

For your information, we have recently received an Experimental 
Use Permit and temporary tolerance for CGA-64251 on almonds, 
peaches, cherries, prunes, plums and apples. We should nave a 
few large trials out this year on these crops and may be able 
to get a pretty good idea of how this compound may affect mite 
and predator mite populations under field conditions. If you 
would like to observe or monitor any of these trials or 
cooperatively establish a trial for this purpose, please let 
me know. 

For grapes, we will be pursuing only the 0.345% Dust formulation. 
Another compound, CGA-7l818, is looking very promising as a 
spray for control of powdery mildew on grapes. 

Your research in this area is very much appreciated. If we 
can assist you in any way, please do not hesitate to contact me. 

MDC:mmm 

Sincerely, 

M. Dale Christensen 
Research and Development 
Representative 
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I Interpretive Summary 

During the 1980 field season we tested the selected strains of M. 

occidentalis in almonds, apples and pears. The Sevin-Guthion strain overwintered 

in 3 almond orchards where it had been released in 1979. In the Bakersfield 

IPM orchard, we documented that predators released into a few trees along a 

road in August 1979 have spread throughout 25 acres of the orchard and 

probably are in the entire 80 acre block. They survived a Sevin application 

in July 1980 and substantially helped to control spider mites, along with 

low rates of Omite (1, 2 or SIbs/acre). We are thus optimistic that this 

Sevin-Guthion resistant predator can be released, established, and survive 

in commercial almond orchards, and larger scale releases should be made in 

1981. (We want to try releasing the predators from a helicopter.) 

The permethrin (Ambush/Pounce)-Guthion resistant predator strain also 

performed well in 1980. It successfully overwintered in a Sebastopol apple 

orchard where it had been released in June 1979. Releases in 1980 into 

almond, apple and pear orchards showed we can establish this strain and that 

it can survive low commercial rates of Ambush/Pounce (0.05, 0.1 or 0.2 1bs 

AI/acre). The resistance is determined by several genes, so can be lost if 

the predators interbreed with native (susceptible) M. occidentalis. However, 

if releases are made after permethrin is applied, we have obtained successful 

establishments. This strain also will be tested on a larger scale in 1980. 

Stethorus loxtoni, the small lady beetle predator of spider mites, was 

released in 1980 for the third year. No evidence of establishment was obtained 

and this project will be discontinued. Our best guess is that this beetle·s 
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sensitivity to pesticides is a critical factor in its failure to establish in 

commercial almond orchards. It is possible that it has established in the 

San Joaquin Valley in unsprayed areas. 

During 1980, we tested the use of low rates of Omite to manage mites. 

We tested 1, 2, and 5 lbs Omite/acre at the Bakersfield IPM plot (where the 

Sevin-Guthion resistant predator helped control mites) and in the Manteca 

IPM plot, where the native predators are susceptible to Sevin. These rates 

were put on by ground; we also compared 10 and 2 lbs Omite at the Bakersfield 

1PM orchard applied by helicopter. All plots were treated with Sevin in 

July. The results indicate that reduced rates of Omite, applied at the proper 

time, can give good control of spider mites. This work should be continued 

in 1981 on a much larger scale. However, it appears that combining low rates 

of Omite with resistant predators (M. occidentalis) may offer a useful spider 

mite management system that should substantially reduce acaricide costs. 

Even in the Manteca orchard, where M. occidenta1is' effectiveness was reduced 

by Sevin applications, the 5 and 2 lb rates gave promising results. 
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II Introduction 

The project objectives for 1980-81 are to: 1) Evaluate the establishment 

of permethrin-resistant Metaseiu1us occidenta1is in almond orchards; 

2) To continue evaluation of the SevinR-resistant strain of M. occidenta1is; 

3) Evaluate Stethorus 10xtoni; 4) Act as an advisor on mite problems for rPM 

personnel; 5) Test reduced rates of Omite for spider mite management. 

In addition, Wilbur Rei1 and I began evaluation of a potential parasite 

of the southern red fire ant, which can damage almond nuts in the southern 

San Joaquin Valley. 

Furthermore, I include a copy of a manuscript on work with M. occidenta1is 

which was designed to learn if M. occidental is searched for different species 

of spider mites on almonds in a similar manner. This would help us to 

understand why M. occidenta1is is a more effective predator of two-spotted 

and Pacific spider mites than of European and citrus red spider mites, or 

Bryobia • 
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III Releases of Permethrin-Resistant M. occidentalis 

Permethrin-resistant (which are also organophosphate-resistant) M. 

occidentalis were released into A) one almond orchard, B) 4 apple orchards and 

C) one pear orchard in 1980. D) In addition, we monitored the overwintering 

success of the 1979 releases into the Sebastopol apple orchard. 

The permethrin-resistant strain of M. occidentalis established in 

all 6 orchards where it was released in 1980 and survived sprays at field 

rates of 0.05 to 0.2 1b AI/acre. The predators generally had a visible 

impact on spider mite populations. A complete analysis of all predator-prey 

data is not yet available. 

The ability of the permethrin-resistant strain to survive the 1980-81 

winter was crucial in our evaluation of this strain, Because it did so well 

in 1980, we hope to release into larger almond acreage in 1981, If permethrin 

has a Section 18 use permit in almonds for 1981, we want to release into at 

least one 10-20 acre block (and more, if possible) under"grower" conditions, 

using our "large-scale release" methods. 

A) Visalia Almond Orchard - Permethrin-resistant M. occidentalis (ca. 

750 ~~/tree) were released on 9 July 1980 into 10 almond trees at the leI, 

Visalia orchard. These trees, and 10 check trees, had been treated by Dennis 

Culver with 0.2 lb permethrin AI/acre on 19 May to remove susceptible native 

predators. Few spider mites were collected on 12 June, so 1/2 flat of 

beans with the 2-spotted spider mite, Tetranychus urticae, were released 

into the 20 trees. On 3 July, spider mites averaged 96,8/1eaf, However, 
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an additional 1/2 flat of I. urticae was released on 3 July, which was a 

serious error as spider mites were already too abundant. On 9 July the 

predators were finally released. Samples were taken on 17 July and showed 

the predators were present, but not yet dispersed. On 28 July the trees 

were partially defoliated, and predators were present in low numbers. 

Permethrin was applied (0.05 lb AI/acre) on 29 July. On 4 August, the trees 

were nearly 70% defoliated. Predators were recovered from 5 of the 10 release 

trees; predators were recovered from 7 of 10 release trees on 18 August and on 

3 September. By September the trees had defoliated but resistant predators 

were present on new growth on 17 September at the tops of the release trees. 

Another permethrin application at 0.05 lb AI/acre was applied on 23 September. 

The trees were banded to trap overwintering M. occidentalis so that we can 

determine if they successfully overwinter in the spring of 1981. 

Colonies of predators from the release trees were made on Sept 3, 1980 

and Sept 29, 1980 (before and after the second sprays) and they were 

treated with a 2 gram AI/IOO 1 water challenge dose in the laboratory to 

determine if the predators collected were progeny of the released predators 

or had migrated in from adjacent areas. The results indicated that the 

permethrin-resistant strain was present on Sept 3, 1980 (% survival = 

22%, N = 140) and that resistance levels of predators collected on Sept 29 

was improved after the spray was applied on Sept. 23, 1980 (survival = 46%, 

N = 180). Survival of predators collected from individual trees in the 

first test ranged from 5 - 40% and from 30 - 70% in the second sample. 

Colonies tested as controls had survival rates of: 55% for a selected 
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resistant laboratory colony and 3% for a susceptible lab colony. Thus, 

the permethrin-resistant strain established and survived sprays at the Visalia 

almond orchard. Because we released far too many spider mites we can't rate 

the effectiveness of the predator, but these data support our conclusion 

that further tests are warranted with this strain. 

B) (1) Apple Orchard Releases: Releases of the predator also were 

made into 4 apple orchards in 19.80: 1) into 7 rele.ase trees in Wena,tchee, 

WA with S. C. Hoyt. See attached letter for a summary of the results, 

2) into 2 orchards near Watsonville with C. Pickel, and 3) into 10 trees in 

the Sebastopol apple orchard where we had also worked in 1979, with J. Joos. 

The results of the 19.79 Sebastopol releases are given in the Nov - Dec, 19.80 

issue of California Agriculture (attached). 

B) (2) Watsonville apple orchards: Small numbers of perme,thrin

resistant predators (ca. 400/tree) were released in April and June 1980 

into 2 orchards near Watsonville - into 10 trees in the Stlva orch.a,rd and 

into 8 trees in the Rider orchard. Four trees in th.e Ri.der orch.ard wen~ 

sprayed with 0.1 lb AI/acre and 4 with 0.2 lb AI/acre. 1rees in the Sliva 

orchard were treated with Q,Ql lb AI/acre. The orchards in Watson.ville, do 

not have native M. occidental is (C. Pi.ckel and S. Hoying, pers, comm,). 

The nati.ve phytoseiid species prese,nt is Typh16dromus arboreus, wh:j.ch is a 

pollen feeder and ineffective .aga~nst spider mites. Most orchards in the 

area have European red mite (ERM) as the dQminant spider mite, wjth few ' 

2-spotted spider mites and almos.t no rust mites. The permethrin strain 

established in these 2 orchards and survived sprays of permethrin in July, 

but little multiplication was evi.dent j.n the trees and no control, of ERM was 

evident. 
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Dr. Marjorie Hoy 
September 4, 1980 
Page Two 

We will probably sample 2 more times this year. Next spring we will 
treat the block with permethrin before bloom, and then a reading of 
resistance levels should probably be made as populations increase. 

Perhaps by the till~ of the national meeting in Atlanta I will have 
this summarized. 

Sincerely yours, 

TREE FRUIT RESEARCH CENTER 

Stanley C. Hoyt 
Entomologist 

SCH:le 
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TREE FRUIT RESEARCH CENTER 

WASHINGTON STATE UNIVERSITY 
WENATCHEE. WASHINGTON 98801 

1100 NORTH WESTERN AVENUE 
(509) 663·8181 

September 4, 1980 

Dr. Marjorie Hoy 
Department of Entomology 
University of California 
Berkeley, CA 94720 

Dear Marjorie: 

Thank you for sending the copy of your manuscript for California 
Agriculture. 

I thought I should bring you up to date on the permethrin resistant 
predator studies. 

"~July 11 - 0.05 lb. AI per acre permethrin applied to the 
entire block. 

July 16 - 5 of the 7 release trees had predator populations 
of .2 to 1 predator per leaf. One check tree had predators. 

July 24 - 4 of the 7 release trees and 2 of the 7 check trees 
had predators. 

July 30 - All 7 release trees and 1 check tree had predators. 
Aug 6 - All 7 release trees and 2 check trees had predators 

with predator numbers increasing. 
Aug 14 - 6 release trees and 2 check trees with predators. 
Aug 19 - 5 release 'trees and 7 check trees with predators 

(0-3.4 per leaf on release trees and .2-1.6 per leaf on 
check trees). 

~Aug 21 - .05 lb. AI per acre permethrin on entire block. 
Aug 26 - 6 release trees and 3 check trees with predators. 

Populations reduced substantially. 

The "buildup of predators on the check trees is not too surprising 
since we have observed a similar buildup on 6 other blocks treated 
with permethrin. In a few of these samples predators were present 
8 days after the permethrin applications suggesting the possibility 
these field populations survived the treatment. 

111 -" t.,
i 

B - / 

At least this is a substantial change from former years when predators 
were rarely seen for 6 to 8 weeks after an application. 

Peak populations of Tetranychus urticae were substantially higher on 
the check trees in 3 pairs and about equal on the other 4 pairs. I 
have not had time to determine the average per sample for mites or 
predators as yet. This could be more meaningful than peak populations. 
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M. occidentalis were recovered from the Rider orchard in September 

1980 and tested for resistance to permethrin. Survival was 66% at 2 gr AI/ 

100 1, on one date (N = 50) and 67% on another (N = 90). Thus, resistance 

was well maintained in this orchard. 

However, until we can manage apple sprays effectively so as to increase 

rust mite populations I am not ready to do large-scale releases of M. occidentaiis 

into Watsonville apple orchards, where ERM prevail as the prey, Thus, we 

plan to monitor the overwintering success of the permethrin strain there in 

1981 but do not plan additional releases in 1981. S. C. Hoyt has found in 

Washington that M. occidentalis can do an effective job against ERM if rust 

mites are abundant early in the season. 

B) (3) Sebastopol Apple Orchard - Permethrin-resistant predators (ca. 

SOO/tree) were released on June 9, 1980 into 10 trees that had been treated 

with 0.2 lb AI/acre permethrin May 7. A few permethrin-resistant M. 

occidentalis (ca 300/tree) were also released on June 9 into 10 check trees. 

Spider mites were released into the trees on June 24. A few more predators 

were released on July 8 and July 16. 

The trees were treated on July 29 with 0.05 lb AI/acre permethrin. 

Predators from the release trees were colonized as a group on Sept. 2 and 

from individual trees on Sept 18 and tested with 2 g~ AI/laO 1 water. Trees 

were banded on September 18 to help monitor overwintering populations. 

This orchard has mixed populations of European red mite, two-spotted 

spider mite and rust mites which serve as prey for M. occidentalis . Other 

phytoseiids present in the orchard are susceptible to permethrin and recovered 

only late in August from treatment in July (F;i.g.III-l)~ 
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M. occidentalis established in the release trees. The spray applied on 

29 July did not have a noticeable negative impact on the~. occidentalis 

numbers (Fig. III-I) and in late September, M. occidental is numbers increased 

substantially. We hope to show overwintering in spring 1981 and to monitor 

the trees to see if the predators can control mites effectively in 1981, 

without additional releases. 

The predators recovered in the September 1980 samples were tested in the 

laboratory for levels of permethrin resistance. All tested were resistant to 

permethrin (59% survival at 2 grams). Survival of predators collected from 

the 1980 check trees was also high (50% survived at 2 grams), a contrast to 

our results in 1979. Apparently there were few native M. occidentalis in 

the 1980 check trees and the resistant strain was able to establish and 

survive in these unsprayed check trees (Fig. 111-2). 

Predators collected on 9 September 1980 from the 1979 permethrin release 

were still resistant to permethrin (68% survival at 2 grams). These predators 

had been released in June 1979, treated with permethrin in July 1979, over

wintered, and were treated with permethrin in July 1980. Thus, this strain has 

persisted for more than a year and retained a good level of resistance. We 

will monitor them in spring 1981 to see if they survive a second winter in 

this orchard. 

Fig. III-I. Mean mites per leaf (all stages) in the Sebastopol apple 

orchard - 1980. (ERM eggs are graphed separately from actives. M. occidentalis 
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rarely feeds successfully on eggs.) Trees were sprayed May 7 with 0.2 lb 

AI/acre and with 0.05 lb AI/acre on July 29, 1980. Tetranychus urticae 

were released in the trees June 24. 

Fig. 111-2. Mean mites per leaf (all stages) in the Sebastopol 

apple orchard - 1980. (ERM eggs are separate from actives). No permethrin 

was applied in 1980. M. occidentalis collected in September were resistant 

to permethrin. Few T. urticae were released into the trees. 

B) c) Dr. P. H. Westigard released the permethrin-resistant strain 

into 3 pear trees in Medford, Oregon on June 16, 1980. The trees had been 

treated with 0.1 Ib AI/acre on May 7 and were treated with the same rate on 

July 22. The predators were well established in 2 trees but due to low prey 

they were recovered only once in the 3rd tree (Table 1). Dr. Westigard noted 

that visible differences were evident in the quality of foliage on trees 

with and without predators. 

Overwintering of predators and spread in the pear orchard will be 

monitored in 1981. A colony of M. occidentalis was sent to us in September 

1980 from this pear orchard. Survival averaged 55% (N = 140) at 2 grams 

AI/IOO 1. This is strong evidence that the M. occidentalis released were still 

in the plot in September. 



Table 1. Population trends of the two-spotted mite (2-Spot) and released ~. occidenta1is (~. ~.) in permethrin-treated 
pear trees. Permethrin treated (0.1 1b AI/acre) May 7 and July 22. Predator release June 16. Bosc variety. 
Dr. P. H. Westigard, Cooperator 

No. mites/leaf 

Treatment Replicate Species 7/2 7/14 ~ 7/29 8/6 8/14 8/26 9/4 9/10 9/24 10/1 

Predator 
release A 2-spot 12.7 11.7 34.9 22.1 45.4 119.6 89.2 45.6 8.3 7.1 

M. o. 0.4 1.07 0.05 0 0.4 1.28 1.4 1.7 0.53 0.72 

B 2-spot 2.0 0.4 0.15 2.8 1.3 not 2'.16 39.6 14.5 

M. 0 0.13 0.13 0 0 0 sampled 0 0 0 

C 2-spot 0.40 0 0.15 0.1 0.26 0.52 5.84 13.5 

M. 0 0.27 '- 0 0 0 o . 0 0 0 

Non-predator 
release A 2-spot 2.7 0.3 0.5 9.8 5.3 7.4 20.0 4.4 

M.o. 0 0 0 0 0 0 0 0 

B 2-spot 6.7 3.9 5.2 44.9 21.9 56.8 85.2 111.7 

M. o. 0 0 0 0 0 0 0 0 

C 2-spot 40.1 31.1 30.1 50.6 26.2 31.8 16.9 37.5 16.5 15.5 

M. o. 0 0 0 0 0 0 0 0 0 0 
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IV Releases of Carbaryl-Resistant~. occidentalis 

New releases of carbaryl-resistant ~~ occidentalis were made into the 

Sebastopol apple orchard and into 3 Watsonville apple orchards in 1980. 

The predators established, survived field applications of carbaryl, and had a 

substantial impact on spider mites in one apple orchard in Watsonville and in 

the Sebastopol apple orchard. In 2 Watsonville apple orchards, where very 

few T. urticae were present, control of European red mite was not achieved. 

In one Watsonville orchard (Kleins) the predators ate all their prey and 

spread throughout the 10 acre orchard by September. These predators had been 

released into apple trees along with ca.l!2 flat of pinto beans containing 

T. urticae prey. Thus, the predators had lots of preferred food and they 

controlled these mites (and ERM in these trees) very well. There was no 

defoliation or obvious damage in the 20 release trees~ (~alf (;0) were sprayed 

with carbaryl; half were left unsprayed). 

At Sebastopol, the predators established in the 8 release trees, survived 

the Sevin application (4 lbs AI/acre) and controlled the spider mites 

(mixed population of ERM and T. urticae) and rust mites (Yig IV-I}. The 

predators ran out of food in some trees in August, so additional T; ·urticae 

were released into a few trees so we could be sure to have sufficient prey to 

get the predators into diapause and thus be able to evaluate their overwintering 

ability. The carbaryl- (and Guthion-) resistant M. occidentalis performed 

very well here. Predators recovered in September had a high survival rate 
~~ 

at field dose (86%) - cf. 12% of a susceptible lab colony. 
A 

The carbaryl-resistant predators released into the ICI, Visalia and 

Blackwell's Corner almond orchards in 1979 successfully overwintered. 
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Fig. IV-l Mean mites per leaf in the Sebastopol apple orchard - 1980. 

Carbaryl was applied (4 lbs AI/acre>. on July 29 to 8 trees, 

( 
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Samples of predators from the 1979 release trees had fair to good survival 

rates in lab tests. The lab colony resistant to carbaryl averaged 66% 

survival at 2.4 gAl/liter (n = 80). Predators from ICI, Visalia trees 

1 - 7 had survival rates of 15, 10, 13, 10, 19, 25 and 35% each (n = 40 each 

tree). These trees were not treated with carbaryl until Sept. 1980. Predators 

from the Blackwell Co~ner orchard averaged 43% survival and from Bidart they 

averaged 55% survival. Predators from susceptible lab colonies had 0% and 

3.8% survival rates. It appears the carbaryl colony has interbred with susceptible 

natives at the ICI, Visalia almond orchard. Survival of predators collected 

from Blackwell's Corner and Bidart almond orchards is very close to that of 

the lab colony, suggesting that the resistant colonies are not interbreeding 

with susceptible predators, or have responded to 1980 Sevin treatments, 

The carbaryl-release trees at the Visalia almond orchard were sprayed with 

carbaryl in Sept. 1980. Overwintering and resistance levels will be monitored 

in spring 1981. 

The most interesting results were obtained from some releases made by 

R. Roush in August 1979 into the Bakersfield IPM almond orchard. Rick released 

the Sevin-resistant strain into a few trees along a dirt road (see map). 

This year we conducted Omite tests in that area, and alL trees were treated 

with Sevin in July at hull split. High numbers of M. occidentalis were evident 

in these trees in August, so we sampled twice to document whether the M. 

occidentalis present were resistant to Sevin or not. ~he map indicates the 

high survival of adult females treated with the field rate of Sevin on leaf 

discs in the laboratory. Clearly, the few predators released into the trees 

(marked by X's) along the road had spread throughout the 25-acre test block. 
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Fig IV-2 Map of the Bakersfield rPM almond orchard plot where Q, l~ 2~ or 

5 lbs (formulated) Omite were app~ied. M. occidentalis from 7 blocks were 

tested for their resistance to carbaryl. All tested were resistant, ~s 

indicated by ®in the block. 
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We strongly suspect they are throu,ghout the 80-acre orchard because the 

M. occidentalis in the helicopter-Omi te plot also survive,d the July Sevin 

spray well (see section V). This spectacular spread in an almond orchard is 

important because it supports our hope that we can release a few predators 

(lOO-200/tree on bean plants) into orchards (i.e~ every 5th tree each 5th 

row) as is done in Australia, and achieve establishment and ef;ficacious predator 

numbers within the next 1 or 2 field seasons. 

We don't know precisely how the predators spread thrQ,ughout this almond 

orchard. It is thought that the predators are spread by wind currents ~n the 

orchard. We would like to study t ,his movement if we make large-scale 

releases in 1981-1982. We can use the carbaryl resistance as a genet~,~ 

marker. 

Thi,s Sevin-resistant colony did so well in laboratory, glasshouse and 

orchard tests in 1979 and lQ80 that it seems justified to implement its use in 

California almond orchards where Tetranychus spider mite spec~es are abundant ! 

It is not likely to be effective in orchards where ERM predominates unless 

alternate prey are present on which they can build up. We hope to rear large 

numbers of this predator strain to allow releases on the, sca.,l,e, of hundre,ds 

of acres rather than ~nto sipgle experimental trees. A full evaluation of this 

strain now should take place under grower conditions. 
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v Spider Mite Management with Reduced Rates of Omite 

During 1979 a plot was set up at the Bakersfield rPM (Bidart) orchard 

to test the efficacy of low rates of 30 WP Omite (0, 1, 2, or 5 1bs formulated) 

as a tool for managing spider mites. The results were presented in our 1979 

report. They are summarized here in Table V-I so that comparisons with 1980 

data can be made. 

During 1980 we repeated this work at the same Bakersfield almond orchard 

with the help of W. Reil. W. Reil and his group conducted a comparable test 

in the Manteca IPM almond orchard in 1979 and 1980. Their results should be 

consulted as well. I include only a summary of their 1980 data (Table V-4). 

Fig. V-la shows the plot map for the Bakersfield plot in 1980. Fig. 

V-lb shows the plot map for the 1979 tests, and the insecticide treatment 

history for 1979. The 1980 helicopter plot (= 50 acres) was treated July 

15, 1980 with 30 WP Omite at 40 gal/acre and with 80 S Sevin. The ground 

rig plot (= 24 acres) was sprayed with Sevin on 15 July by helicopter also, 

but the Omite was not applied until 29 July (100 gal/acre). 

Fig. V-I. Mean spider mites/leaf (all stages) in almond trees 

treated with 0, 1, 2 or SIbs (formulated)Omite/acre by concentrate sprayer 

July 29, 1980. Sevin was applied to all trees by helicopter on July 15. 

v-l. Mean M. occidentalis/leaf (all stages) in the trees treated by 

concentrate sprayer in 1980. Sevin did not kill these resistant predators. 

V-,). Mean spider mites/leaf all stages in the blocks treated with 2 and 

10 lbs (formulated) Omite and Sevin applied by helicopter on July 15, 1980. 

Leaf samples (30 leaves/tree) were brushed and all stadia of spider mites 

and M. occidentalis recorded. Data were analyzed by Games and Howell 
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Table 1. Average numbers of spider mite~/ and~. occidentalis per leaf in 

the Bakersfield pest management orchard treated with amite - 1979. 

Mean numbers per leaf on 6 trees treated with 

5 lb~/ 2 l~/ 1 llJ~/ Check 

Sample Spider M. Spider M. Spider M. Spider M. 

dates mites occ. mites occ. mites occ. mites occ. 

6 June a a 0.01 0 0.01 0 

5 July 0 0 0.2 0.01 1.5 0 0.5 0 

16 July 2.2 0.03 9.2 0.01 3.5 0.02 0.4 0.02 

Treatment 19 July 

1 August 3.5d/ 0.11 0.09~/ 0 18.3 1.04 42.8 0.33 

17 August 48.9 1.42 5.6 E./ 1.37 36.7 4.37 76.2 5.62 

28 August l4.3d/ 2.94 0.2 0.41 0.02 0.12 0.06 0.33 

a/ Spider mites present included: T. urticae, T. pacificus, T. turkestani and 

P. citri. 

~/ Applied commercially by helicopter. 

£/ Applied with a concentrate sprayer (50 gal/acre) using Omite 30W. 

~/ Numbers of mites significantly different (p ~ 0.05) from the check using 

Games and Howell + modification for paired multiple comparisons with unequal 

variances. 

( 
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Average number of spider mite~1 and M. occidcntalis per leaf (all stages) 

in the Bakersfield IPM orchard treated with Omite by ground - 1980. 

Mean mites per leaf on 24 trees treated with Omite at 

Sample dates 

June 13 

July 2 

July 18 

July 28 

August 1 

August 19 

September 2 

September 16 

5 lb. bl 2 lb . .£1 

Spider M. Spider M. 

mi tes occ. mites occ. 

0.01 o 0.02 o 

0.24 o 0.03 0.006 

~/ 1 lb. 

Spider M. 

mites occ. 

0.01 o 

0.02 0.02 

July 15 Sevin applied to all trees 

0.26 

1.23 

0.09 

0.7fJS:-I 

1. 75 

0.10 

0.17 0.63 o 

0.15 1. 73 0.03 

July 29 Omite applied 

0.02 0.09 o 

0.16 7.66 0.65 

0.68 1.15 1.50 

0.44 0.10 0.35 

0.49 0.01 

1.39 0.05 

0.26 0.16 

4.06 0.82 

1.13 0.95 

o 0.34 

Spider 

mites 

o 

o 

0.22 

1.47 

0.70 

21.33 

2.80 

0.10 

~I Spider mites present predominately were !. urticae and T. pacificus. 

bl Six replicates of 4 trees each were sampled. 

~I Numbers of mites significantly different from the check (P 2 0.05) on this 

sample date. Data analyzed by Games and Howell t - modification for paired 

mUltiple comparisons with unequal variances. 

M. 

occ. 

o 

o 

o 

0.07 

0.03 

0.89 

1. 71 

0.63 
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t-modification for paired multiple comparisons, with unequal variances. This 

is a conservative statistical test. 

Spider mites were low in the plot until the mid-August sample date 

(table V-2). Peak spider mites in the check averaged 21.3 on Aug. 19. 

Abundant Sevin-resistant M. occidentalis were present and probabl¥ helped 

keep spider mite numbers down (Figs, V-I and 2). 

Statistically-significant differences in spider mite numbers occurred 

only on Aug. 19 in the 5 lb. rate p Thus, 5 lb gave good control in this plot; 

some growers might be satisfied with the control achieved in the 2 and 1 Ib 

rates (peak mites = 7.7 and 4.l/leaf, respectively). This grower had previously 

used 8-10 lbs Omite/acre. 

Cood control was also achieved with 2 lbs Omite applied by helicopter 

(Table V-3 and Fig V-3). There were fewer mites in the trees treated with 

10 lbs of Omite, but the peak numbers of spider mites averaged only 4.7 

on August 19 in the 2 lb rate. Here, too, ~. occidentalis were present, 

except on July 28. It is more likely the M. occidentalis were starved out 

by lack of prey than that they were killed by the effects of Sevin. I 

suspect the Sevin-resistant strain is well-established in these 5Q acres, 

although we conducted no toxicity tests to prove this. If so, the Sevin

Cuthion-resistant predators have spread throughput the 80 acre orchard in 

ca 1 year. 

The results of the 1980 trials in the Manteca IPM almond orchard conducted 

by W. Reil and his group are summarized in Table 4. I analyzed their data 

in the same way as our Bakersfield data. This orchard has Sevin-susceptible 
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( Table 3. Average number of spider mite~/ and M. occidentalis per leaf (all stages) 

in the Bakersfield rPM orchard treated with Omi te by I, elicopter - 1980. 

Mean mites per leaf on 16 trees treated with Omite at 

2 lb.b/ 10 lb .E./ Check.£/ 

Spider M. Spider M. Spider M. 

Sample dates mites occ. mites occ. mites occ. 

July IS-pretreatment 1.09 0.03 0.67 0.02 0.22 0 

IS July Omite and Sevin aEElied to trees Sevin only aEElied 

July 28 eft/ 0 ~/ 0 1.47 0.07 

August 19 4.69 0.12 0.02~./ 0 21.33 0.89 

September 3 3.26 0.38 0.50 0.02 2.80 1.71 

September 18 0.56 0.20 0.97 0.15 0.10 0.63 

C 
a/ Spider mites present predominately were Tetranychus urticae and T. pacificus. 

b/ Four replicates of 4 trees each were sampled. 

~/ Six replicates of 4 trees each were sampled. 

d/ Numbers of mites significantly different from the check (P ~ 0.05) on this 

sample date. Date analyzed by Games and Howell t - modification for paired 

multiple comparisons with unequal variances. 

( 
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.!:!. occidentalis, hm-lever, and the spider mite peaks probably reflect that 

difference. In this orchard average numbers of ERM peaked at 53.9 in the 

2 checks on Aug. 25 and Sept. 8. Peak ERM in the 5, 2 and 1 lb rates occurred 

on Sept. 22 with 26.8,48.8 and 54.0 mites/leaf (all stages). Thus the Omite 

delayed ERM population peaks by nearly a month. Tetranychus species peaked 

at 19.7 and 22.6 in the checks on Sept. 22. Averages on that date for the 

1, 2 and 5 lb Omite rates were 25.7, 29.7 and 9.8. 

The delays in all spider mite population peaks appear to be due to the 

Omite applications. It is likely that late populations of spider mites exert 

less effect on almond tree productivity than do early populations, although 

I know of no data to support this. 

General Conclusions 

Omite is highly toxic to spider mites. In a lab test with 0.125, 0.25, 

0.5 and I lb formulated Omite/IOO gal water, mortality of field-collected 

Pacific mites was 90, 90, 100, and 100%. An LC
50 

developed for Pacific mites 

from a vineyard near Visalia was 0.2 lb formulated Omite/lOO gal water. We 

have no evidence to date in California that there is any resistance to Omite 

in spider mites in almonds. However, resistance to Plictran has been documented 

by Dr. P. Westigard in spider mites in an Oregon pear orchard, and it is 

clear that resistance to Plictran or Omite could develop unless we manage 

spider mites in almonds effectively. 

It is my opinion that we can manage spider mites in almonds (especially 

two spotted and Pacific spider mites) by COmbining two tactics. One involves 

the use of the lowest doses and numbers of acaricide applications possible 

to delay onset of resistance. It is my opinion that use of high doses, 
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m red mite = ERM, T. pacificus and T. urticae = Tet. spp. ) and M. occidentalis per leaf 

lted with Omite. " 

Mean mites per leaf on 16 al trees- treated with 

2 lb. 1 lb. Che ck~·S eV;i.Jl 
sprayable 

S Check-Sevin l' 'd 
~qu~ . 

Tet. M. ERM Tet. M. ERM Tet. M. ERM Tet. M. 

spp. occ. spp. occ . spp. occ. spp. occ. 

.013 • 016 1.914 0 .026 1.834 .004 .012 1.195 0 0 

.012 .009 .914 .004 .013 .945 .008 .026 .890 0 .008 

.004 .012 .501 .025 .004 .485 .055 .004 .601 .017 0 

0 0 .139 0 0 .855 0 0 1.511 0 0 

~I .004 0 • 233'E,.1 .017 0 8.800 .955 .004 17.300 .899 0 

bcl .270 0 3.84QPs:..I .300 0 40.430 4.804 .008 53.900 5.700 .008 

bcl 2.940 .038 31.50(}~/ 2.360 .008 53.880 14.470 .006 32.760 11.457 .044 

'E,.I 29.720 .310 54.00 bl 25.72 .300 9.618 22.596 .572 8.21 19.650 .640 

r;:.1 21.440 .830 5.700£1 22.080 .5"60 2.780 7.940 .620 2.583 7.350 1.00 

6.680 .659 2.03#1 12.030 .696 .963 1,880 .739 1.160 2.160 .603 

:he test trees and one check received Sevin S ; one check received Sevin sprayable liquid. 

< .0.05) from the check treated with Sevin WP on this sample date. Data analyzed using -
multiple comparisons with unequal variances. 

Lb. rate. 
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frequently applied, will lead most rapidly to acaricide resistance determined 

by a single gene. If lower selection pressures are used, resistance can be 

swamped out by interbreeding with susceptible survivors, and resistance is 

less likely to be due to a single gene. The second strategy i.nvolves the, 

use of natural enemies such as M. occidentalis. Pesticide-resistant M. 

occidentalis will eat acaricide-resistant or - susceptible spider mites 

indiscriminately. 

If M. occidental is can, in combination with low rates of acaricides, keep 

spider mites in check, it is my opinion that we will substantially delay (or 

prevent) onset of acaricide resistance, 

At this point, we have tested low amite rates 2 years in 2 orchards; 

1979, 1980 in the Bakersfield and Manteca IPM orchards. It will be important 

to get good coverage; it will be important to time applications properly, 

If we wait until defoliation is imminent, we can't control spider mites with 

5 or 10 1bs Omite. It is clear that M. occidenta1is is an important component; 

control in the Nanteca orchard \.,.,as not good ,.,.,ith any rates tested (1, 2, 5) 

in 1980 because Sevin effectively removed the native ~. occidentalis· from the 

system. 

If ,.,.,e can get the Guthion-$evin resistant strain of M. occidentalis 

established in orchards where Tetranychus spider mites prevail, it should be 

possible to control NOW and to reduce acaricide costs - perhaps by half or 

more. This will require a training program to allow monitoring of orchards 

so that pea's or growers know if the predators are present. W~ will need 

to get acaricides applied in a timely fashion. It may be that a h~ll ~plit 

( 
application of ~~ rates 'of Omite will be a useful tool if Sevin is used. 
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If Sevin-Guthion-resistant M. occidentalis are released into large 

blocks of almonds in 1981, we hope to further test the combined use of predators 

and low rates of Omite for spider mite management in almonds. 
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VI Stethorus loxtoni Releases 

Orchards where releases were made in 1979 did not yie~d recoveries of 

S. loxtoni. 

New releases were made in August 1980, when spider mites finally become 

abundant in several San Joaquin Valley almond orchards. 

Beetles (ca 200) were released in the ICI untreated check trees on 4 

August and at the Chowchilla IPM orchard (ca 200). Within a week the 

Chowchilla plot was treated with an acaricide, and the beetles were never 

recovered. 

On August 20, ca. 200 beetles were released at the Bakersfield IPM 

(Bidart) orchard into a check block. No information is available yet as to 

the persistance of these beetles. 

We are terminating these releases, as we have no evidence that the beetles 

have established in almonds, although they could be picked up at some future 

date. Since they are highly mobile, it is possible they have established 

somewhere and will be found in untreated orchards in the future. If they 

have failed to establish, it is probably because they are sensitive to most 

pesticides. 
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VII A Test for Resistance to Omite in an Almond Orchard Population of 

Tetranychus 'pacificus 

Bill Barnett, Fresno County Farm Advisor, contacted me regarding 

VII-l 

2 trees in the DeFreitas almond orchard near Caruthers, Fresno County. These 

trees were treated about 1 July 1980 with Omite 30W at 6 lbs/acre and Guthion 

SOW at 2 1/2 lbs/acre. The 2 trees (20 N-8W and 9 N-6W) had abundant 

T. pacificus populations on 2 Sept. 1980. He wondered if they were resistant 

to Omite. 

We conducted a laboratory test with progeny of these mites reared on 

pinto beans (Phaseolus vulgaris). They were compared to a laboratory colony 

of Pacific mites, reared on grape leaves for 2 years, originally collected 

from a San Joaquin Valley vineyard and to T. urticae, reared on pinto beans 

in the DC-Berkeley greenhouses for an unknown period of time. Bean leaf 

discs were dipped into water, 0.625, and 1 lb/IOO gal of 30W Omite. The 

results (see table VII-I) indicate resistance to Omite is not obvious in 

this population. However, rumors of Omite resistance in spider mites 

recurs. It is thus important to monitor such resistance regularly. It is 

likely that use of low rates of Omite combined with the use of predators 

should delay, and possibly prevent, the onset of Omite resistance. 



VII-2 

( 
Table VII-l Omite Resistance Test 

% survival of adult 'f'f after 48 hours on 

Colony 0.0625 lbs~j 1 lb .~I bl water-

DeFreitas Pacific mites 33 11 95 

Vineyard Pacific mites 44 2 85 

T. urticae 33 26 90 

after 72 hours 

DeFreitas Pacific mites 24 4 95 

Vineyard Pacific mites 20 o 85 

T. urticae 26 17 90 

al 45 adult females were tested, 9 replicates of 5 'f'f. 

P./ 20 " " " " 4 replicates of 5 'f'f. 

( 
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VIII-l 

VIII Effect of KN0
3 

on Spider Mites 

Growers have noted, and we have also observed, that spider mite numbers 

are often substantially reduced after applications of KN0
3 

as a foliar spray 

in the spring. To test in the laboratory whether KN0
3 

residues have a toxic 

effect on spider mites on almond leaves, a leaf dip test was conducted using 

0, 15 lb/150 gal or 30 lb/150 gal rates. Adult gravid Tetranychus urticae 

females and larvae from almond trees in the DC-Berkeley glasshouse were placed 

o on almond leaf discs resting on water-soaked cotton at 27 - 29 C under an 

18 hr daylength. Mortality was assessed after 48 hours. 

Treatment % survival (no. tested) 

adult females larvae 

water 100 (30) 87 (30) 

15 lb. 94 (80) 76 (80) 

30 lb. 79 (80) 90 (80) 

~. urticae eggs deposited on the residues were then monitored to determine 

their success in developing to adulthood on the KN0
3 

residues. Survival to 

adulthood on the water-treated checks was 69% (120 tested), 80% (371 tested) 

on the 15 lb/150 gal rate and 80% (329 tested) on the 30 lb/150 gal rate. 

Thus, there is no evidence that KN0
3 

exhibits a direct toxic effect 

on T. urticae on almond leaf discs in the laboratory. We did not test the 

effects of KN0
3 

on T. pacificus, P. ulmi, etc. but d0 not expect substantial 

differences. Possibly, the reduction in spider mites is due to the physical 

effect of applying sprays at a time when spider mites are at very low densities. 
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IX Kairomones of Spider Mites and Predator Prey-Location Behavior 

This work was conducted to determine how well M. occidentalis is cued 

into its various spider mite prey species on almonds and grapes. The results 

support field observations that ~. occidentalis is a better predator of 

Tetranychus species than of Panonychus species or of Bryobia. 

The use to which we can put this information awaits chemical determina

tion of the nature of the kairomone( s), and the determination of whether we 

can use the kairomone to enhance M. occidentalis' effectiveness against 

European red mites. 
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ABSTRACT 

Metaseiulus ( = J~_lodromus) occidentalis (Nesbitt) is an effective 

predator of the , spider mites Tetranychus urticae (Koch) and I. pacificus 

McGregor in vineyards and almond orchards in the San Joaquin Valley of 

California. It is less effective against the Willamette mite (Eotetranychus 

willamettei (McGregor», the European red mite (Panonychus ulmi (Koch», 

the citrus red mite (K. citri (McGregor» and the brown mite (Bryobia 

rubrioc.ulus (Scheu ten» in these crops. Behavioral observations and 

experiments documented that M. occidentalis detects cues deposited on leaves 

by several prey species, including T. urticae, T. pacificus and ~. willamettei 

but weakly detects or responds to cues (silk and other residues) deposited 

by B. rubripculus, K. citri, and P. ulmi. The cues continue to elicit a 

sp .~cialized "search" behiNior by M. occidentalis for several days, but the cues 

can be removed partially by ageing or by washing the discs with water. Therefore, 

prey location is not due only to random encounters but is influenced by cues 

deposited by spider mites on leaf surfaces. We suggest that ~. occidentalis' 

prey finding behavior is enhanced by silk and kairomonal cues which act as 

a releaser to switch a hungry predator into a special search mode, thereby 

increasing the likelihood that the predator will encounter prey. 
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I NTRODUCTION 

The phytoseiid mite, Metaseiulus (:=: D--ph10drollius) occidenta1is (Nesbitt) 

is an important predator of spider mites in agricultural crops in the 

western United States (Huffaker et ~., 1970). It was introduced into 

Australia, New Zealand and Europe to control spider mites in deciduous fruit 

orchards, because it was doc llmented to be an effective predator of spider 

mites and because it developed resistance to organophosphorus insecticides 

(Penman et a1., 1979; Readshaw, 1975). ' M. · occidentalis is effective in 

controlling the Pacific spider mite; Tetranychus pacificus McGregor, in 

vineyards of the San Joaquin Valley of California (Flaherty & Huffaker, 1970). 

Recently, it was demonstrated to be an effective spider mite predator in some 

almond orchards in the same area (Hoy et al., 1979; Roush & Hoy, 1980), 

controlling!. pacificus and T. urticae (Koch). 

However, M. occidentalis' ineffectiveness against several spider mite 

species in California vineyards and almond orchards also was demonstrated 

(Hoy et aI" 1978, 197~). In several almond orchards, ~. occidentalis 

populations ~ere present and well established but never responded numerically 

to the European spider mite; Panonychus ulmi (Koch), the brown mite, Bryobia 

rubrioculus (Scheuten), or the citrus red mite, P. citri (McGregor). Flaherty 

and Huffaker (1970) note that M~ occidentalis is an ineffective predator 

of the Willamette spider mi.te, Eotetranychus willamettei HcGregor, in 

vineyards. Thus, orchard or vineyard studies suggested that M. occidentalis 

is a more effective predator of spider mites in the genus Tetranychus than of 
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spider mites in the genera Panonychus, !'!yobia or Eotetranychus. There may 

be several reasons for these apparent differences in efficacy. For example, 

Huffaker & Flaherty (1970) suggested that T. pacificus produced more webbing 

and is more colonial than E. willamettei, implying that M. occidental is is a 

more efficient predator of colonial prey. However,!:!. occidentalis can feed 

upon and develop on prey in these 3 genera (Hoy, unpubl.). This suggested 

to us that M. occidentalis might exhibit different prey location behavior in 

response to these prey species. Detailed life table studies also might 

document that fecundity and development rate are affected by these other prey 

species, which could influence predator efficacy. 

This paper focusses on comparisons of M. occidentalis' prey location 

behavior using laboratory assays. M. occidentalis' behavior is described 

when it is in contact with ~ilk and other residues of T. urticae and P. 

ulmi on prey-free almond leaf discs. Also, two-choice assays with hungry 

M. occidentalis females were conducted witn silk and other residues deposited 

by T. urticae, T. pacificus, P. ulmi, P. citri and B. rubrioculus on almond 

leaf discs, and with T; 'pacificus and E. willamettei on grape leaf discs. 

We present evidence suggesting that silk and a soluble kairomone(s) of 

T. urticae influence prey location by M. occidentalis. 

MATERIALS AND METHODS 

Colony sources. M. occidentalis were collected from almond orchards or 

vineyards in the San Joaquin Valley of California. All M~ occidentalis 

colonies were fed all stages of T. urticae reared on Phaseolus vulgaris L. 

unless otherwise noted. All colonies and all experiments or observations were 
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held at 24-27 under an 18 hr daylength. Predators collected from vineyards 

( were used in tests involving vineyard spider mite species Rnd those collected 

from almonds were used for tests with spider mites collected from almonds. 

We assumed that the host plant might affect the cues deposited by spider 

mites, so all spider mites were collected from and tested on their respective 

host plant, Le. grapes, almonds, or beans. 

Behavioral Observations. 

Gravid females were removed from the stock colonies and held ~vithout 

prey for 24 hr on paraffin-coated pap~r discs resting on water-soaked cotton. 

About one-third of the females r;.1fi off the disc, but all of the remaining 

"hungry" females actively searched for prey when placed up::on test arenas. 

Predator behavior was observed on several 18 mm diameter leaf disc 

substrates: clean almond leaf discs, previously-infested almond leaf discs, 

and leaf discs that were half clean and half previously-infested with T. 

urticae or P. ulmi. Previously-infested leaf discs were prepared by placing 

10 adult female spider mites on clean leaf discs. After 22-24 hr, the spider 

mite females and their eggs were removed, leaving a residue of silk and 

excreta. If a 2-choice leaf disc were desired, a razor blade was used to 

divide a clean and a previously-infested leaf disc into two pieces along the 

central midvein. The two different halves were sealed together with melted 

paraffin applied with a camel's hair brush. One "hungry" predator was placed 

on the midline ·of the disc and its movements observed continuously under a 

dissecting microscope illuminated with a cool white fluorescent light source 

for 30 min. Tracings of the predator's path during 5-min intervals were made 

l 
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on a 127 nun diameter paper disc, for a total of 6 patterns/feJnale. A 

transverse Dlark ~.Jas made on the path each 15 sec during the observation so 

that the distance traveled during 15 sec could be estimated by a map ' measuring 

wheel. Initially, predators were followed on discs that were clean or had 

only R. ulmi or T. urticae residues. Later 2-choice leaf discs were used 

as well. Then, the mean distance traveled per 15 sec, the number of 15 sec 

intervals spent resting, and the number of intervals spent on each side of the 

2-choice discs were recorded. All test leaf discs were used once and then 

discarded. 

Predator Interference. 

To test for indirect influences of several predators on a test arena, 

2-choice leaf discs were prepared with one-half clean and the other half 

previously-infested with 50 M. occidentalis females held on the disc for 

24 hr without prey. Predator females and their eggs were removed and five 

hungry ~. occidentalis females added to each 2-choice leaf disc. Their 

locations after 1/2 and 1 hr ~.Jere recorded. 

Conditioning by Prey Species. 

Most M. ocd.dentalis females used in these tests \,ere fe.d T! urti~~ 

reared on pinto beans. To determine if the prey species used to feed t .he. 

stock predator colonies influenced the behavior of th~ test. predators ~ M, 

occidentalis \,ere reared under identical conditions but using eithe.~ R~tilmi. 

or T. urticae as prey. Newly-hatched M~ occidentalis larvae ~ere. placed on 

almond leaf discs containing eggs and 2 adult females. of either 'l' ~tirtica~ 

or P. ulmi. The adult females reared on both prey spec~es wera tested using 



2-choice leaf discs with T. urticae or P. ulmi residues. Three "hungry" 

( predator females Here transferred to each test arena and their locations ,.ere 

recorded after 1/2 hour. 

Behavior on Grape Leaves. 

M. occidentalis' behavior when in contact with residues deposited by 

the 2 spider mite species from grapes Has determined using 2-choice grape 

leaf discs. Five hungry M. occidentalis females were pl.:lced on each test 

arena and their location was recorded after 1/2 and 1 hr. Tests with smooth-

leaved Thompson Seedless variety included 2-choice discs with: T. pacificus 

vs. clean; ~. willamettei vs. clean; E. willamettei vs. ! . .£acificus. The 

effect of ageing the spider mites' residues for 72 hrs on Thompson Seedless 

leaves \.,Tas also tested: T. pacificus (aged 72 hrs prior to test) vs. clean; 

T. pacificus (aged 72 hr) vs. T. pacificus (0-24 hr old residues). Tests 

using E. willamettei vs. T. pacificus and E. willamettei vs. clean disc 

halves ,.ere conducted on the hairy-leaved Chen in Blanc variety, as well. 

Behavior on Almond Leaves. 

M. occidentalis' behavior ,.hen in contact with residues of the 5 spider 

mite species collected from almonds \vas determined using 2-choice almond 

leaf discs. Five hungry females were placed on Nonpareil variety almond 

leaf discs and their location recorded after 1/2 and 1 hr, comparing 

T. urticae, vs. clean; T. pacificus vs. clean; P. citri vs. clean; K~ 'ulmi vs. 

clean; B. rubrioculus vs. clean; B. rubrioculus (density of prey, 50 rather 

than 10 females/disc) vs. clean; T. urticae vs, T. pacificus; P. ulmi vs, 

P. citri; T. urticae vs. P. ulmi; T. urtic~.e VS. P. citri. 

( 
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fomp~Hisons of '.Joshed and Umla s hed Leaf J2iscs. 

To determine if a chemical cue (kairomone) could be removed [rom the 

leaf discs with spider mite silk and excreta residues, almond and bean 

leaf discs that had been infested with 10 or 30 T. urticae females for 24 hr 

were gently washed 5 times with 150 m1 of distilled 'vater and air-dried. The 

silk on the \vashed discs did not appear different from umvashed discs with 

silk. These prey-free washed discs were cut into halves vlhich were joined to 

previously-infested unwashed or clean disc halves. Five predator females 

were tested for 1/2 and 1 hr. 

Comparisons of Aged and Fresh Residues 

To determine if spider mite silk and other residues lost their effect 

after ageing, bean leaf discs that had been infested with 10 T. urticae 

females for 24 hr were held for 48 or 72 hr before testing. Clean discs 

were set up simultaneously and aged an equivalent time for comparison. 

Comparisons ,,'ere also made with discs prepared in the standard manner (24 

hrs). 

Contingency table analysis (Steel and Torrie 1960) was used to determine 

whether there were significant differences in the numbers of predators located 

on each disc half. The tests were conducted at P < 0.05 level. Discrepancies 

between the total tested and the numbers on each half recorded in the results 

section are because any predators located on the midline at the time of the 

recordings were excluded from the analysis. 



RESULTS AND D1SCUSSION 

( 
Leaf Discs. 

M. occidentalis moves more rapidly and turns less often on clean leaf 

discs than on leaf discs previously-infested \~ith spider mites (Fig. :ta,b,d). 

Females exhibited different behavior when they moved over the midline of 

discs which were half clean and half previously-infested with !.urticae 

(Fig. Id). M. occidentalis did not exhibit such distinctive behavior on 

leaves with P. ulmi residues (Fig. Ic,e,f). Hungry females also travel 

greater distances on clean discs than on leaf discs previously infested with 

T. urt - ae or P. ulmi (Table I). 

Hungry M. occidentalis females spend about 3/4 of the 30-minute test 

~,I<"- J~ time on the disc half with T~ urticae residues (Table II, test 1). At 

the end of the 30-minute test, all females were on the T. urticae leaf disc 

half (Table II tests 1, 3). Females spent more time searching on the T. 

urticae half, as indicated by number of 15 second intervals where the predators 

were active (55 vs. 16). They also spent more time resting on the T. urticae 

halves (16.7 V5. 5.2) (Table II, test 1). The preference for f. ulmi 

residues was less obvious (Table II test 2). Slightly more than half of the 

time \vas spent on P. ulmi residues; only 3 females were on the P. ulmi 

halves, one was on the midline, and one was on the clean disc half at the 

end of the test. The T. urticae disc half was occupied by all 5 females 

tested on the T. urticae-P. ulmi arenas by the end of the test (Table II, 

test 3). 

( 
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l'able I 

Movement of hungry M. occidentalis females on clean almond leaf 

discs or \Vi th T. urticae or P. ·ulmi residues, 

Interval l'fean distance traveled in nun (S ,D.) on 

(Hinutes) Leaf discs ,,,ith Leaf discs \.;rith Clean leaf 

T. urticae P~ulmi discs - ---

resi(l ues residues 

0-5 60.2 (12.9) 62.6 (16.1) 162.0 (67.2) * 
10-15 79.5 (34.2) 78.9 (14.2) 100.7 (77 .8) 

15-20 80.9 (18.8) 84.6 (25.8) 160.9 (104.3) * 

( 25-30 76.4 (27.8) 87.1 (10.2) 1 159.4 (75.2) * 

Combined 297.0 (64.0) 313.2 (31. 7) 583.1 (240.7) * 

*indicates a value significantly different from other row values (p ~0.05)~ 

N = 3 each treatment. 
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Fig. I. Behavior of hungry M. occidentalis females on clean almond leaf 

discs or with T. urticae and/or !. ulmi residues. Distance 

traveled on disc within 15 seconds indicated by distance between 

2 transverse lines. Each pattern is a record of movement during 

5 minutes. 
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Table II 

( Behavior of hungry!!. occijcntalis females on 2--choice almond leaf discs with no 

residues or T. urticae or P. ulfli residues. 

-------.- -------------

No.observed He .m no .1S-sec Mean no .IS-sec Mean no. 

No. on each half intervals on intervals spent times over 

Treatments tested after 30 min* dj sc half resting mid-line 

1) 

T. urticae vs.Clean 6 6 : 0 SS.O 16.0 5.2 4.5 

2) 

P. ulmi vs.Clean 5 3 1 43.4 32.8 6.2 15.2 4.6 

3) 

T. urticae vs.P.ulmi 6 * * 5 o 49.4 27. 2 19.6 3.8 3.4 

* Discrepancies in the number of females tested and the numbers on tested halves are 

because test females located on the midline were excluded. 

** One female of 6 tested did not cross the midline after it moved on to the T. urticae 

half, so was excluded. 

( 
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Predator Interference. 

Hungry M. occidentalis females placed on 2-choice leaf discs consisting 

of halves previously-infested with 50 M; occidentaJis females for 24 hrs 

and halves never infested with M. occidental is distributed themselves equally. 

Thus, if chemical cues were deposited by the 50 !:!. occidentalis females, 

their (indirect) effects on other female M. occidental is were not detected 

by this test. The subsequent use of 5 rather than one predator female per 

test arena seemed reasoni3ble. No direct interference was observed in the 

subsequent tests using 5 females. 

Influence of Prey Species During Development 

The prey species provided the stock cultures of M. occidentalis do not 

appear to affect !:!. occidentalis' behavior on leaf disc test arenas.· M. 

occidentalis reared on P. ulmi prey spend more time on leaf discs 'oJith T. urticae 

residues, as do predators reared on T. urticae (Jable III). Thus, differences 

in M. occidentalis' responses to P. ulmi and T; urticae cues appear to be 

inherent rather than influenced by previous exposures to prey residues during 

~/c U?~evelopment and young adulthood. 

Response of M;occidentalis to Cues Deposited by Spider Mites from. Vineyards. 

Hungry M; occidentalis responded positively to cues deposited by the 

Pacific spider mite (Table IV, test 1). More predator females were 

located on leaf disc halves previously infested with Pacific mites than on 

clean leaf disc halves after 1/2 and 1 hr. Pacific mite residues ~ged for 

72 hr still elicited a positive response (Table IV, tests 2, 3), Predators 
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( did not exhibit a preference belv) c en WilL.unette and Pacific mite residues 

(Table IV, test 4). However, predators did not discriminate between Willamette 

mite residues vs. clean halves (Table IV, test 5). This may have been due 

to the smoothness of the young leaves used in this test. In subsequent 

tests, using hairy Chenin Blanc leaf discs, predators strongly discriminated 

bet\.;cen clean halves and Willamette mite residues (Table IV, test (I) • 

!:!.. occidentalis appears to respond e~u;::)lly to cues from both of these native 

North American spider mite species. This suggests that differences in this 

predator's ability to control these spider mite species in vineyards are 

not due to an inability of M. occidentalis to perceive cues deposited by 

Willamette mites. We noted that the Pacific spider mite females deposited 

more webbing within 24 hours than do an equivalent number of Willamette mite 

c females and yet M. occidentalis did not exhibit a preference for the more 

profusely-webbed disc half containing Pacific mites during these tests 

(Table IV, tests 4, 7). Perhaps the quality and quantity of chemical cues 

deposited are more important than the amount of silk deposited. Differences 

in M. occidentalis' vineyard effectiveness thus may be due to other factors 

such as their location on the vine (Le. top vs. sides) and dispersion 

__ patterns (Flaherty & Huffaker, 1970). 
- \ I 1"---1 ... 1) <! ._ It-- _.:::0-0 

Response of M. occidentalis to Cues Deposited by Spider Hites from Almonds. 

Hungry~. occidentalis females responded positively to cues deposited 

by 10 T. utticae, T. pacificus, P. ulmi, or !. citri females reared on 

almonds, but not to 10 B. rubrioculus females (Table V, tests 1-5). 

Hmvever, \.;hen 50 B. rubrioculus females rather than 10 females \vere left on 

an almond disc to deposit residues, more M. occidentalis females were 

located on these disc halves than on clean disc halves (Table V, test 6). 

---
~)/~~ 
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( l:!. occidental is exhibited no preferenc{2s beth'C'c:n 1 c;]f dj sc halves 

containing I~ urt~cae and I'.Eacificus, and only sljght dj ffcrr.nces in. 

its responses to those \vith P. 1IImi and K. ~}tri residues (Table V, tests 

7, 8). However, M. occi1_elltalis ahv::tys preferred leaf disc halves with 

T. urticae cues to those deposited by a Panollychus species (Table V, tes.ts 

9, 10). Although M. occidentalis prefers Tetranychus residues, it sp~nd5 - -------- - -~ -.. - -. - -

more time on P~nortychus residues than on clean leaf discs (tests 3, 4). 

A hlerarchy of M. occidentalis' preferences appears to be: Tet:.ranyC11u~ spp. > 

CO.!!1.parisons of Behavjor.on Washed and Umv<1sh~d Leaf Discs. 

Hater \vashes removed something from the leaf discs \vith spider mite 

residues. M. . occidental is females preferred um.Jashed leaf disc halves 

previously infested with 10 or 30 T. urticae females for 24 hr to infested 

leaf disc halves that were washed in water and air dried (Jable Vl, tests 

2, Ii). However, \vashed leaf disc halves arrested more M~ 'occiderttcilis' than 

did clean leaf disc halves (~ests 2, 3). We suggest that washing removed 

a kairomone(s) from the leaf surface or from the silk whic~ decreased the 

response of hungry M.occidertt~lis females, since spider mite silk is not 

\,'ater soluble. Since the '.Jashed disc retained all or 

most of the silk and it was preferred over the clean disc half, we conclude 

that silk alone may have some ability to arrest M~ occidentalis although 

v]e can't be certain we removed all traces of the kairomone (s) from the 

wash~d disc. However we believe that silk is only part of the cues deposited 

by these spider mites that elicits a re~ponse by l:!. '?cciderttali$. 
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Table IV 

( LocaUon of hungry M. occidentalis females after tr.:l1lsfer to Thompson Seedles s 

or Chenin Blanc grape leaf discs "lith residues deposited by 10 adult 1:.. pa cific_us 

or E. willmnettei females. 

No. M.occidentalis females on 

Total no. each leaf disc half after 
._---_._-

Treatments tested 1/2 hr and 1 hr 

Tho-'!~'pson Seed Ie 5s Variety Leaves (Smooth) 

l. T. .pacificus vs. Clean 100 63 : 22* 54 : 35* 

2. T. .E.?cificU5 (72 hr) VS. Clean 95 56* : 26* 52* : 33* 

3. T. J2.9-cificus vs. T. - pacificus (72 hr) 100 44 50 36 56* 

4. E. willamettei VS. T . .Eacificus 90 48 36 41 37 

( 5. E. willamettei VB. Clean 60 32 26 33 19 

Chenin Blanc Variety Leaves (Hairy) 

6. E. 'olillamet tei VS. Clean 35 31 4* 26 9* 

7. E. willamettei vs. T. pacificus 40 19 21 21 18 

* Numbers of females on disc halves are significantly different from 1 1 at 

p < 5%. 

( 
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( 
Location of hungry M. ciccidcntaJis females after trilns[er to almond lc~f discs 

50 B. rubrioculus females. 

No. M. ciccidentalis females on each - ---

Total no. leaf disc half after 

Treatments tested 1/2 hr and 1 hr 

1. T. urticae vs. Clean 225 155 44* 143 51* 

2. T. pacificus vs. Clean 100 60 21* 55 20* 

3. P. citri vs. Clean 150 79 44* 82: 49* ----

4. P. ulrni vs. Clean 105 59 24* 49 35 

5. B. rubrioculus vs. Clean 100 50 35 43 41 

C 6. B. rubriocu1us (50) vs. Clean 100 52 31* 62 31* 

7. T. urticae vs. T. - pacificus 100 42 53 

8. P. ulmi vs. P. cUri 100 45 40 51 27* 

9. T. urticae vs. P. ulmi 100 69 26,¥:- 72 15* ---

10. T. urticae vs. P. citri 150 81 38* 73 49* 

* Number of females on disc halves are significantly different from 1 1 at 

p < 5%. 
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Table VI 

Location of lJUngry M~ occidentalis females after transfer to 2-c11Oice w;)shed or 

uJlI..'Jshed leaf di.scs. 

-.----------.----

Total no. C2 r h leaf disc h;)lf after 
---.----

Treatments tested 1/2 hr 8nd 1 hr 

Residues .of 30 T. urticae . females 

1. Clean vs. Washed 80 

2. Hashed vs. Unwashed 20 

Residues of 10 T. urticae females 

3. Clean vs. I-lashed 80 

4. Hashed vs. Um.'3shed 51 

25 

1 

24 

7 

53* 

19* 

46* 

44* 

* Number of females on disc halves are significantly different from 1 

P < ;%. 

1 at 

33 

4 

34 

11 

40 

14 

43 

34* 
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Lcnf discs aged for 72 or 48 hr arrested fewer 1mnery predators than 

f ,1'llh (24 hr) leaf discs (Table VII). All test discs \.;ere a] \vays tlle same 

'I'll: ,. only the age of the spider mite silk and other residues ch;)nb ", d, This 
< N 

S(,;~gests either that a volatile component (s) of the silk or other residues 

d( ,.J ines in amount or that some other type of degradation had occurred. Since 

tr,.e silk was undisturbed, this data further suggests lhat the silk is only 

or"<:~ part of the cues M~ occidentalis uses in its prey location behavior. 

t·1 
ThL~ physical and chemical nature of the cues deposi I-ed by tllese f> pider 

m.i te spl'cies is currently unknmvu, so we do not know if !i.. occi~enl'alis is 

re6p0nding to qualitative or quantilative differences in lhe cues deposited 

by the different spider mites or to both. The responses of M. occide~talis 

to ClJes deposited by 50 B. rubriocylus females within 24 hours but not to 

10 f E'1lJ31es suggests, hm.;ever, that M. occidentalis responds to increased 

~uantilies of at least one residue (Table V). The location of the tactile 

c-;)d chcmoreceptors involved in perception of these cues is unknown for 

~. occidentalis but the many sensory receptors located on legs I and the 

falps of phytoseiids are good candidates (Jackson 1974). 

M. occidenta1is' behavior changes after it encounters silk and other 

,-',.les deposited by spider mites of the genus Tetranychus; the predator slmvs 

its rate of walking, increases its rate of turning, and enters a specialized 

~, ~earch mode" (Fig. I, Tables I, II). Thj s behavior seems to be optimal 

for increasing the likelihood that a hungry predator will pncounter prey, 

:;nd decreases the amount of time spent on leaf surfaces that are unlikely 

to yield prey since they lack silk or other residues. Its behavior is less 

l 
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( Table VII 

Location of hungry ~ . . ocd.dentalis fellli3.les on 2-choice be3n leaf discs with 

different aged residues of 10 T. urticae fernaJes. 

No. M. occidcntalis f emales on 

Total no. each leaf disc half after 
-- - --

Treatments tested 1/2 hr and 1 hr 

1. 72 vs. 24 hr residues 65 13 45* 10 48* 

2. 72 hr residue vs. Clean 65· 48 10* 47 7* 

3. 48 vs. 24 hr residues 45 15 21 12 22 

4. 48 hr residue vs. Clean 45 27 8* 22 11 .... 

* Numbers of femal · s are significantly differe.nt from l: l at P ~ 5%. 
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distinctive on Panonychus residues, which suggests that this predator would 

spend less time searching for prey. Thus, prey location is not entirely 

a matter of chance encounter by this predator, Vision is not involved, 

however, as phytoseiid predators do not have eyes. M. occic.lentalis 

probably uses tactile and chemical cues to initiate its search of an area 

which is more likely to yield prey, especially Tetra~1thus prey, s~nce 

both aged discs and discs with water-washed silk arrested hungry females. 

Tetranychus species elicit more intense search behavior than do 

Panonychus or Bryobia species (Tables IV, V), which parallels the relative 

effectiveness of this predator in the field. This suggests that the "choice" 

arenas used in these tests may be an effective way to evaluate prey preferences 

in exotic species of phytoseiids being imported for biological ~ontro~ 

projects. This bioassay technique might determine which spider mite genus 

a phytoseiid "prefers" so that releases for establishment are more likely 

to be successful. Thus, while M~ occidentalis will feed on all the prey 

species we tested in the laboratory, it is most successful in the field 

,.,lith Tetranychus species, a s \vould be predicted by these 2-choice tests. 

Other mites utilize both chemical (Egan, 1976) and ta.ctile cues to 

find hosts or mates. Penma.n & Cone (1972, 1974) determi.ned that spider 

mite males (T~ ' urticae) respond to a sex pheromone produced by quiescent 

T. urticae female deutonymphs t They also showed that silk \vebbing deposi.ted 

by the deutonymph before she becomes qutescent, in combination with the 

sex pheromone, comprised a 2-component system that the male uses to locate 

female deutonymphs. OtheI:" roles have been ascribed to silk (,See Gerson for 
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a review (1979)), including the protection of spider mite eggs and immatures. 

That this protective function could have been subverted by natural enemies 

was suggested by Gerson (1979). He reviewed Scl~nidt's (1976) work and noted 

that "silken threads apparently led P. Eersimilis to Tetranychus, possibly 

by a tactile sense. Such observations suggest that certain predators have 

adapted to this defense mechanism and are, in fact, using it for their own 

purposes." Our data support Gerson's hypothesis; we believe that M~ occidentalis 

uses cues associated with spider mite silk and other residues to their 

advantage -- namely, as an aid in prey location. 

Behavior of other natural enemies is influenced by chemical cues and 

silk. Weseloh (1976, 1977) demonstrated that host selection behavior is 

elicited in the braconid Apanteles melanosceles (Ratzeburg) 'by a combination 

of silk and a water-soluble kairomone of the gypsy moth (Lymanttia dispar (L)). 

His work triggered our hypothesis that M. occidentalis might respond to silk 

and kairomone cues deposited by spider mites, Hislop et aI, (1978) reported 

briefly that another phytoseiid, Amblyseius fallacis Garman, responds to 

kairomonal cues deposited by ~. urticae but less well to cues left by P. 

ulmi. 

Prey location by phytoseiid mites has long been considered to be 

entirely a matter of chance (Putman, 1962; Mori & Chant, 1966). There was no 

evidence that phytoseiids responded to distant olfactory prey stimuli and 

it was assumed that the predator detected its prey only after actual chance 

contact with their tarsi (Jackson & Ford, 1973). We s,uggest that M, 

occidentalis' prey location behavior can be divided into components parallel to 
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those proposed for insect parasites (Vinson, 1976), i.e" prey habitat location, 

prey location, prey acceptance, and prey suitability, and that prey location 

is not a completely random event. Research on the host-finding behavior of 

parasites has been a fertile area ,of research for the past few years 

(Vinson, 1976). Less work has been done with prey location and selection 

behavior by predatory arthropods (fo! a review see Greany & Hagen, in press). 

However, the role(s) that chemical and physical cueS play in prey 

location should receive more attention as entomologists, and ,especially 

biological control workers, become increasingly aware of , the economic 

importance of predators. 

SUMMARY 

Metaseiulus occidentalis (Nesbitt) is an effective predator of spider 

mites in deciduous crops. In the San Joaquin Valley of California (U.S.A.), 

this predator can control Tetranychus urticae (Koch) and T. pacificus (McGregor), 

but it is less effective against the Willamette mite (Eotetranychus willamettei 

(McG~egor», the European red mite (Panonychus ulmi (Koch», the citrus mite 

(P. citri (McGregor», and the brown mite (Bryobia ' rubrioculus (Scheuten» 

in almond orchards and vineyards. 

We observed M. occidentalis' behavior on clean grape or almond leaf 

discs and on discs with silk and other cues deposited by these spider mite 

species. Gravid adult females held 24 hours without prey (= "hungry") moved 

more slowly and turned more often on leaf discs previously infested with 

T. 'urticae than on clean leaf discs. Two-choice tests were conducted on prey

free discs with spider mite silk and residues and the location of hungry 
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M. occidentalis females was recorded after 1/2 and 1 hour. These tests 

showed that M. "6ccidentalis does not locate prey entirely at random, but 

searches leaf areas more intensively if they contain silk and other cues 

deposited by spider mites. This behavior should improve their chances of 

encountering prey. M. occidentalis spends more time searching Tetranychus 

residues than Panonychus or Bryobia residues, which parallels the relative 

efficiency of this predator in the field. 

The cues used by M. occidentalis are partially removed by water and by 

ageing the leaf discs; we propose that spider mite (especially Tetranychus) 

silk and other (kairomonal) cues release an efficient search behavior in 

M. occidentalis. The chemical nature of the kairomone(s) are unknown at 

at present. 



( 

23 

REFERENCES 

EGAN, M. E. (1976) The chemosensory basis of host discrimination in 

a parasitic mite. J. Compo Physio1. 109: 69- 89. 

FLAHERTY, D. L. & HUFFAKER, C. B. (1970) Biological control of Pacific 

mites and Wi1lamette Mites in San Joaquin Valley Vineyards. I. Role 

of Metaseiulus occidentalis. Hilgardia ~(10): 267-330. 

GERSON, u. (1979) Silk production in Tetranychus (Acari: Tetranychidae). 

Recent Adv. Acar. I: 177-188. 

GREANY, P. D. & HAGEN, K. S. (In press) Role and significance of 

allelochemics and prey selection. IN: Semiochemicals: Their Role in 

Pest Control, D. Nordlund, R. Jones and W. Lewis, Eds. 

HISLOP, R. G., ALVES, N. & PROKOPY, R. J. (1978) Spider mite substances 

influencing searching behavior of the mite predator, Amblyseius fa1lacis, 

on apple. Fruit Notes 43(6): 8-11. 

HOY, M. A., ROSS, N. W. & ROUGH, D. (1978) Impact of NOW insecticides on 

mites in northern California almonds. Calif. Agr. ~(5): 10-12. 

HOY, M. A., ROUSH, R. T., SMITH, K. S. & BARCLAY, L. W. (1979) Spider 

mites and predators in San Joaquin Valley almond orchards. Calif. 

Agr. 33: 11-13. 

HUFFAKER, C. B., VAN DE VRIE, M. & MC~URTRY, J. A. (1~7Q} Eco~ogy of 

tetranychid mites and their natural enemies: A review. II'. 

Tetranychid populations and their possible control by pred,atois; 

An evaluation. Hilgardia 40(11}: 391-458. 



c 

24 

JACKSON, G. J. (1974) Chaetotaxy and setal morphology or the palp and first 

tarsi of Phytoseiu1us persimi1is A.-H. (Acarina: Phytoseiidae). 

Acaro1ogia 16: 583-594. 

JACKSON, G. J. & FORD. J. B. (1973) The feeding behaviour of Phytoseiu1us 

persimi1is (Acarina: Phytoseiidae), particularly as affected by certain 

pesticides. Ann. Appl. BioI; 12: 165-171. 

MORI, H. & CHANT, D. A. (1966) The influence of prey density, relative 

humidity, and starvation on the predaceous behavior of Phytoseiu1us 

persimilis Athias - Henrid-(Acarina: Phytoseiidae)~ Can. J ; zool. 

44: 383-491. 

PENMAN, D. R. & CONE, W. W. (1972»)' Behavior of male two-spotted spider 

mites in response to quiescent female deutonymphs and to web, 

Ann. Entomo1. Soc. Amer. ~: 1289-1293. 

PENMAN, D. R. & CONE, W.W. (1974) Role of web, tactile s,tirou1!, and female 

sex pheromone in attraction of male two-spotted spider mites, to 

quiescent female deutonymphs. Ann. Entomo1. Soc~ Amer ~ ,~: 179.-182. 

PENMAN, D. R., WEARING, C. H., C(·LLYER, E. & THOMAS, W. p. (1979) The 

role of insecticide-res~stant phyto~eiids in integrated mite control 

in New Zealand. Recent Adv~ Acar. Vol; J: 59-69. 

PUTMAN, W. L. (l962) Life-history and be}:lavior of the predaceous mite 

Typhlodtomus ' (T.} caudiglans ' Schuster (Acarina: Phytoseiidae) in 

Ontario, with notes on the prey of related species. Canad~ 'Entomol. 

94: 163-177. 



( 

25 

READSHAW, J. L. (1975) Biological control of orchard mites in Australia 

with an insecticide-resistant predator. J. Aust. Inst. Agric. Sci. 

41: 213- 214. 

ROUSH, R. T. & HOY, M. A. (1980) Selection improves Sevin resistance in 

spider mite predator. Calif. Agr. 34: 11-14. 

SCHMIDT, G. (1976) Der Einfluss der von den Beutetieren hinterlassenen 

Spuren auf Suchverhalten und Sucherfolg von Phytoseiu1us 'persimilis 

A. & H. (Acarina). z. ang. Ent. 82: 216-218. 

STEEL, R. G. D. & TORRIE, J. H. (1960) Principles and Procedures of 

Statistics. McGraw-Hill Book Company, New York, 481 pp. 

VINSON, S. B. (1976) Host selection by insect parasitoids. ' AnntL 'Rev. 

Entomol. 21: 109-133. 

WESELOH, R. M. (1976) Behavioral responses of the parasite; Apanteles 

melanosce1us, to gypsy moth silk. Environ. Entomo1~ 5: 1128-1132. 

WESELOH, R. M. (1977) Effects on behavior of Apante1es me1anosce1us 

females caused by modifications in extraction, storage, and presentation 

of gypsy moth silk kairomone. J. Chern. Ecol. 3: 723-735. 



( 

( 

26 

ACKNOWLEDGEMENTS 

This project was sponsored in part by funds from California Agricultural 

Experiment Station Project 3522-H, The California Almond Advisory Board, 

and the California Table Grape Commission. We thank W. Allen, M. Liebman, 

L. Barclay, and R. Roush for assistance in obtaining spider mite species, 

and R. Weseloh and D. Wood for reviews. 



( 

X-I 

X A Mite Parasite for Ants that are Pests of Almonds in the Southern 

San Joaquin Valley 

During 1980, W. Reil contacted me regarding ant damage in almonds and the 

potential for biological control of ants since there are no pesticides 

currently registered for use on ants in California. 

Wilbur had heard rumors of a mite parasite of ants and asked me about 

it. Dr. Bill Bruce, in Georgia, has been studying a mite, Pyemotes tritici, 

that shows potential for biological control of imported fire ant mounds in 

Georgia. The ant species in California doing damage apparently is the 

southern fire ant, Solenopsis xyloni. 

We have received permission to import Dr. Bruce's strain for tests and 

received a shipment on Nov. 1, 1980. Others are planned. If P. tritici can 

parasitize l. xyloni successfully, Wilbur and I would like to conduct limited 

releases in the 1981 field season. 

Mass reari,ng of these parasitic mites will have to be worked out first; !'l.-.'l:!H''"; 

we are now rearing small colonies successfully. 
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MEMO TO: State and Federal 

FROM: Marjorie A. Hoy 

RE: Impact of Pyemotes 

201 
Berkeley, California 94720 

27 June 1980 

Officials 

/'lIt1! ~(~ f/· 7 tritici 

Pyemotes tritici (Acarina: Pyemotidae) is a parasite of insects. 
It has been found effective in the control of the imported fire ant in 
Georgia (Bruce and LeCato 1979 and Dr. Bill Bruce, personal communication). 
This species is ubiquitous, and no doubt occurs in California; however~ the 
strain studied by Dr. Bruce is especially desirable as it is effective as a 
parasite of ants. 

We want to obtain specimens of this mite from Dr. Bruce to evaluate 
its potential as a control agent of the southern fire ant., Solenopsis xyloni, 
which can be a pest of almond nuts in California orchards (W. Reil, personal 
communication and Davis et al., 1979). 

Our goal in 1980 is to determine if ~. tritici will paralyze and 
kill S. xyloni in the laboratory. If so, we will continue with evaluations 
of P. tritici for possible releases in one or more almond orchards in 1981. 

P. tritici (2 K. ventricosis) can be irritating to humans and can 
be a pest of insectaries. We will rear this mite in containers with a water
filled moat. Dr. Bruce assured me by telephone that this species has caused 
no problems to himself or technical staff in several years of rearing it. 
Since this species is already in California, we do not believe any environ
mental or health problems are likely to occur. 

Bruce, W.A. and LeCato, G.L. . (1979) Pyemotes tritici: potential biological 
control agent of stored-product insects. Recent Adv. Acar. I: 
213-220. (See enclosed). 

Davis, C. et al. (1979) Summary of 1979 Almond Integrated Pest Management 
Trials. Report to The Almond Board of California. 

MAH/klb 
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PYEMOTES TRITlCI: A POTENTIAL NEW AGENT FOR BIOLOGICAL CONTROL 
OF THE RED IMPORTED FIRE ANT, SOLENOPSIS INVICTA 

(ACARI: PYEMOTIDAE) 

W. A. Bruce and G. L. LeCatol 

----- ABSTRACT-In laboratory and field tests the straw itch mite, Pyelllotes 
tritici , a parasite of stored-product insects, acted as a biological control agent 
against the red imported fire ant when the mite was placed on the nest and taken 
beneath the soil surface by the ants. All stages of the ant. including the queen, 
are capable of being parasitized by the mite. 

The straw itch mite, Pyemotes tritici, has frequently been regarded as a pa.st species 
(Moser, 1975). but it has also been known for a long time as an effective paras ite of stored
product insects. The effectiveness results primarily from the short (five to seven days) 
developmental cycle. ovoviviparity that gives rise to adult progeny, high reproductive potential 
(ca. 250 adult offspring/gravid female). no intermediate hosts or food sources required, females 
represent 95% of the population. females mate immediately after birth and begin host-seeking 
activity. cosmopolitan distribution. and populations can be easily reared and synchronized in 
the laboratory. These characteristics are uniquely appropriate for biological control investigations. 

Our study of the control of stored-product insects (Bruce and Lecato, 1979) achieved with 
this mite led us to speculate about its possible efficacy as a biological control agent against the 
red imported fire ant. Solenopsis invicta. This insect is generally recognized to be a significant 
agricultural pest in this country (Lofgren et al.. 1975; Adkins, 1970) but it is credited also with 
the reduction of pests such as ticks (Harris and Burns, 1972) and weevils (Sterling, 1978) common 
to pasturelands and cotton fields. Although eradication probably is neither possible nor necessary. 
we believe some form of control is desirable. 

In the laboratory when adult female mites were placed in petri dishes together with larvae. 
pupae, or adult ants, all ants, including queens. were paras itized within several hours. We 
therefore conducted limited field tests with naturally-occurring nests. The results indicate 
that P. tritici has potential as a biological control agent of the fire ant. 

First we rear the mites in the laboratory on pupae of the cigarette beetle (Lasioderma 
serricorne) (CBP) as follows: Approximately 30-35ml of washed CBP :l.re placed in each of three 
conta.iners. Then several thousand one- to four-day-old adult female mites are brushed on the 
CBP, a procedure that tends to synchronize the succeeding generation. Within less than an hour 
the mites. characteristically. find a suitable place to a.ttach, insert their stylet-like chelicera.e. 
and secrete a neuromuscular toxin that paralyzes the insect. Because the female is physoga.stric. 
the opisthosoma becomes enormously distended with developing embryos beginning several hours 
after a.ttachment. and this distention ma.y continue until the sac is several times the length of the 
mite body (Fig. 1). At ca. 220 C and 60% RH. the first adult progeny begin to emerge from the 
gravid females after 7 days of attachment. 

Now the CBP with the gravid female mites attached are ready to be applied to fire ant nests 
nests in the field Application is simple. The top of the nest that is to be treated is Jicraped to 
expose interior tunnels and to induce the ants to the surface. Then an arbitrarily selected 
volume (ca .. 100m1) of CBP with P. tritici attached is sprinkled over the surface of the nest. The 
response of the ants to this material contributes greatly to the success of the treatment. Almost 
immediately they transfer the CBP and mites to the interior of the nest. This action would seem 

1. Stored-Product Insects Research and Development Laboratory, Agricultural Research, Science 
and Education Administration, USDA. Savannah, GA 31403, U. S. A. 



Fig. 1: Scanning electron micrograph of two female Pyemotes tritici attached near the base of the antenna of a pupa 
of the red imported fire ant. Note the distension of the mite opisthosoma after 48 hours (X 50). 
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to preclude any contact with man or his domesticated animals. Once in the nest the mite progeny 
continue to emerge from the gravid females for several days and begin to parasitize the ants, 
presumably including the queen (s), thereby destroying the colony. 

Eleven ant nests on the grounds of our laboratory were treated in this manner (1976-77), 
and were inactivated (Table 1). In view of these results we established another test site located 
near Middleburg, FL, in an old pecan grove now used as a pasture. There we treated 17 fire ant 
nests in a 2-ha area on June 7, 1978, in tl)e manner described; the remaining nests were tagged 
as controls. Treatments were applied three times at ca. 2-week intervals. As of August 30,1978, 
and Janua.ry 17, 1979, 12 of the 17 treated nests were inactive. 

Still another test area was established near Savannah, GA, in a 2-ha unshaded pasture. 
Each nest was numbered and a total of 233 nests was tagged. Ten nests in the center of the field 
were treated every 1-3 weeks until they were inactive or had received a maximum of ten treatments. 
Also, nine other nests were treated three times during the summer and early fall of 1978. 
Presently, ten of the 19 nests treated remain inactive. 

Control was less successful at each successive test site though the percentage of nests 
inactivated never dropped below 50. However, no attempt was made to determine an LD50' In 
addition, predetermined numbers of treatments were used because it would be difficult to 
ascertain precisely when the queen had been parasitized in relation to continued worker activity. 
If a mound was noticeably inactive prior to the next treatment a decision was made as to whether 
or not to continue treatments (e. g. Savannah farm) (Table 1). At the Savannah laboratory all nests 
except one were small (ca. 20cm diameter), and the treatments were applied primarily in the fall 
or spring. The brood at this time of year tends to be near the surface on warm days and is there
fore more readily accessible to the mites. Also additional stress due to winter weather may have 
enhanced the effect of the mites. In the Florida test. the ground moisture was high, and most of 
the field was shaded much of the time, which again tended to keep the ants and brood near the 
surface. On the other hand, we used the same quantity of CBP + mites as in the first test though 
the nests were much larger (50cm diameter). In the third test. at the Savannah farm test site, 
the nest sizes were similar to those in Florida (but the treatment was not increased), there was 
no shade, and treatments were made during the hot summer months (35+oC) so it was more 
difficult to induce the ants to come to and remain on the nest surface. In addition it is not known 
what effect, if any, the mild winter temperatures of 1978-1979 may have had. 

Further studies are required to examine the full potential of this stra.tegy. However! our 
primary purpose in the study reported here was to determine whether P. tritici could effect any 
degree of biological control of S. invicta in the field. A total of 47 nests was treated at various 
times of the year from late 1976 through 1978 and 33 of the 47 were rendered inactive. Thus some 
degree of biological control may be possible with the technique used. In fact, Pyemotes spp. may 
be parasitic on other species of ants as well. Pyemotes spp. from Brazilian leaf-cutter ant nests 
(identified by P. Hunter, Department of Entomology, University of Georgia, Athens, 1972) were 
thought to be responsible for the death of several ant colonies. It is conceivable that pyemotid 
mites ma.y also be associated with fire ants in South America. Also,if P. tritici, like many species 
of this group, is phoretic (Moser and Cross, 1975) or cannot parasitize a particula.r stage or 
species of arthropod associated with S. invicta then inter-nest movement of mites could be 
enhanced. Such a mechanism could explain why some of our control nests located near treated 
nests eventually became inactive. This relationship would provide one strategy for establishing 
natural control along the lines proposed by Buren et at (1979). 
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TABLE I.-Results of treating fire ant nests with Pyemotes tritici. 

Treated nests Controls 
No. times 

Location Total no. treated Active Inactivated Active Inactive 

Savannah Laboratory 11 3* 0 11 5 2 
Middleburg. Florida 17 3 + 5 12 23 3 
Savannah farm 19 1-10+ 9 l70~ 10 0 

* Since all nests within a test area were tagged. any formation of an adjacent nest subsequent 
to treatment would be noted immediately. Inactivity was determined by the lack of loose 
soil buildup on the nest surface and increased growth of grass over and around the nest and 
by scraping or digging into the nest to observe living ants. No attempt was made to excavate 
an entire nest. which might extend downward into the soil O. 5-1. 5 m. to collect dead ants 
and mites. One large nest (ca. 50 cm diameter) treated 5 times. :f: Ten nests scheduled 
for ten treatments: four nests inactive after three treatments; six nests active after ten 
treatments. Nine nests scheduled for three treatments. Nine nests scheduled for three 
treatments: four nests inactive after one treatment; two nests inactive after two treatments; 
three nests active after three treatments. § Total of 233 nests was tagged of which 44 were 
old-inactive before test. 19 were treated. and 170 served as controls. 
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~le phytoseiid mite Melaseiu/us 
(= T.Vj)11/0drofllIlS) (leddenla/is (Nesbi!!), a 
'lredator of spider mites, has developed a 

,w to moderate level of resistance to organ
ophosphorus insecticides, such as azinphos
methyl, diazinon, and dimethoate, in the 
ficld. Since it can survive low rates of these 
insecticides applied to control insect pests, 
the predator is effective against spider mites 
in many of California's deciduous orchards 
and vineyards. 

Other pesticides are sometimes necessary, 
because pest insects have developed resist
ance to many organophosphorus insecti
cides, and biological control agents are not 
always available. The pyrethroid insecticides 
are of potcntial value for IPM programs, 
because they have low mammalian toxicity, 
are very toxic to many insects, and are ap
plied at very low rates. We report here the 
results of a laboratory project with M. occi
denla/is in which we selected a strain resistant 
to the pyrethroid permethrin and analyzed the 
genetic basis of the resistance so that field 
releases could be conducted most effectively. 
In addition, we report the successful estab
lishment and overwintering of the 
permethrin-resistant strain in a Sebastopol 
apple orchard during 1979-80. 

Initially, we tested about 40 populations of 

( 

• f. occidenlalis from California orchards 
.ld vineyards to learn if resistance to 

permethrin was already present. We screened 
over 10,000 adult females, using several 
doses of permethrin during 1977 and 1978. 
No consistent increase in survival was evi
dent in their progeny. We also screened 
predator populations from Washington and 
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Spider mite predqtors laboratory-selected for 
pyrethroid resistance successfully overwintered 
in a northern California apple orchard. 

British Columbia apple orchards. Progeny 
of three of these populations survived in
creasing doses of permethrin, and this report 
concerns our work with one colony sent to us 
from Washington by S. C. Hoyt. 

This colony responded gradually to labo
ratory selection during the two-year project, 
yielding a modest level of permethrin resist
ance (fig. I). After 18 selections, a genetic 
analysis of the resistance (fig. 2) indicated 
that no single dominant or recessive gene was 
involved. We found no evidence of sex link
age or maternal effects in the F, progeny 
(progeny produced by crossing resistant and 
susceptible parents), and the F2 progeny 
(those produced by intercrossing F, in
dividuals) and backcross progeny (produced 
by crossing the F, females to susceptible 
males) were very susceptible to permethrin . 
This indicates that this permethrin resistance 
is inherited as a polygenic character; that is, 

it is the result of the cumulative action of 
multiple sets of independently transmitted 
genes, each of which produces only a small 
effect. The permcthrin-rcsistant strain thus 
should be released into orchards or vineyards 
where native M. ocddenla/is are absent , or 
are not abundant because of previous per
methrin treatments, so that resistance will 
not be lost through interbrceding with the 
susceptible natives. 

Significantly, this laboratory-selected 
predator strain retained its original resistance 
to azinphosmethyl (table I), even though it 
was not treated with the insecticide during 
two years of selection with permethrin. The 
strain also exhibits some cross-resistance to 
other pyrethroid insecticides, such as fen
valerate and an experimental pyrethroid 
(Shell 57706) (table 2), which may increase 
the predator's usefulness in IPM programs. 

Field trials with a permethrin-resistant 
strain selected 18 times are under way during 
1980-81 in California almond and apple or
chards and in Washington apple and Oregon 
pear orchards. 

A predator colony that had undergone only 
nine selections with permethrin was field 
tested during 1979-80 in a California apple 
orchard and an almond orchard . The preda
tors failed to retain their permethrin resist
ance in the almond orchard, which had 
abundant susceptible AI. occidenlalis with 
which to interbreed. This failure supported 
our conclusion that permethrin resistance is 
polygenically inherited. 

2 4 6 8 10 12 .14 18 

This predator strain did become estab
lished successfully in an apple orchard near 
Sebastopol where permethrin had been ap
plied before predator releases. Four trees 
each had been treated on 14 May 1979 at 
rates of 0.05, 0.1, or 0.2 pound active ingre
dient permethrin per acre, which had re
duced native M. occidenlalis populations to 
nil. Predators were released on II June, and 
the first post -release sprays of 0.05, 0 .1, or 

Selection Number 

.=ig.1 . M. occidentalis survival in 18 selections with increasingly higher permethrin rates: 
four at 0.008 Ib active ingredient per 100 gal (unshaded section); two at 0.02 (lightest 
shading); six at 0.03 (medium); six at 0.07 (darkest). 
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Fig. 2. Genetic analysis: (A) concentra· 
tion response lines (Iogit·log scales) for 
permethrin'resistant (WA·18) and suscep· 
tible (WAO) predators and their F, prog· 
eny; (8) F2 and backcross progeny (to 
susceptible parent) are nearly as suscep· 
tible as susceptible colony. 

0.2 pound active ingredient per acre were ap
plied on 12 July to each of the four trees. 
Permethrin-resistant predators were released 
also into eight unsprayed (check) trees. 
Predator counts on leaves sampled periodi
cally throughout the season indicated that 
the permethrin-resistant predators had 
become established in the twelve sprayed 
trees and survived the three different rates of 
permethrin treatment. 

Samples of M. oC(;identa/is were taken on 
25 September 1979 from each of the three 
permethrin treatments and colonized to 
determine if they had retained their resist
ance over the summer. In addition, two col
onies of native M. occidellta/is were initiated 
from nonrelease trees never treated with 
permethdn from a different area in the same 
orchard. Adult females from these five col
onies were assayed using 0.02 pound active 
ingredient per 100 gallons water on bean leaf 
discs. The native M. occidellta/is collected 
from unsprayed trees had survival rates of 25 
and 33 percent after 48 hours on treated 

discs, whcreas the three colonies collected 
from sprayed release trees had survival rates 
of 79,82, and 81 percent. This indicated that 
the resistant strain released in June 1979 had 
become established in the orchard and sur
vived the three rates of permethrin applied 
on 12 July. 

The trees were sampled again in July 1980 
to determine if the permethrin-resistant 
strain had overwintered. Three colonies of 
predators were collected from sprayed re
lease trees, and their resistance compared 
with that of predators collected from the un
sprayed release (check) trees and three lab
oratory colonies (table 3). Predators from 
unsprayed release trees were susceptible to 
permethrin; those from the sprayed release 
trees were resistant. The loss of resistance in 
the unsprayed release trees probably was due 
to interbreeding with the susceptible native 
M. occidenla/is, as had occurred in the al
mond orchard. The resistant laboratory col
ony (WA-18) selected 18 times had a survival 
rate similar to that of the orchard-collected 
colonies (table 3), indicating that permethrin 
resistance was retained in the orchard pop
ulations for over 11 months after treatment 
in July 1979. The moderate level of permeth
rin resistance developed in this strain of M. 
occidenta/is (LC50 = 0.03 pound active ingre
dient per 100 gallons water; field rates = 0.05 
to 0.2 pound active ingredient per 100 gallons 
water) means that only low rates of permeth
rin (or other pyrethroids) will allow this 
predator strain to persist in orchards or 
vineyards. However, the use of low applica
tion rates of azinphosmethyl to preserve M. 
occidellta/is was also necessary in the pear 
pest management program, thus setting a 
precedent. 

The recent success in selecting this preda
tor for resistance to carbaryl (January 1980, 
California Agriculture) mak'es it likely that a 
strain of M. occidelltalis can be developed 
that can tolerate organophosphorus, car
bamate, and pyrethroid insecticides. 

Mmjorie A . Hoy is Associate Professor of Ento
mology and Associate Elltomologist, University 
of California, Berkeley; Nancy F. Knop is a 
graduate student ill tile Department of ElIIo
mology, Berkeley; and Jolin L. Joos is Area 
Research Farm Adl'isor for SOlloma, Lake, 
Marin, Mendocino, alld Napa counties. We tllank 
FMC, ICI Americas, alld SIIell Development for, 
respectively, tile permetllrin, fenl'{ilerate, and 
SD-57706 materials used. This project was sup
pOr/ed in part by Pear ZOlle I, tile AlmOlld Board 
of California, tile California Raisin Advisory 
Board, tile California Table Grape Commission, 
and Experiment Statioll Project No. 3522-H. We 
tllank S. C. /lo)'t and R. Downing for prol'iding 
colollies ofM. occidcnlalis, D. Culver for lise of 
all allllond orchard, alld Haven Best for lise of 
his Sebastopol apple orchard. K. Smith, M. 
Mochizucki, alld D. Castro prol'ided technical 
assistance. 
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TABLE 1. Comparison of Azinphosmethyl Resistanc 
in Three Colonies of M. occidenlalis 

Mortality on leaf discs sprayed wit l 
O.Slb 1.0 Ib 

azinphos- azinpho 
methyl methy 

Colony Water ailtOO gal ailtOO g 

Berkeley 
blackberryt 
WA-Ot 
WA·18§ 

% 

5.t 
10.5 
o 

% 

45.2 
4.1 
5.5 

% 

48.2 
2.0 
o 

"Forty 10 60 adull females on bean Icaf discs treated al each dost 
(ai = active ingredient). 

tSu5ceptibie 10 azillphosmelhyl and permethrln. 
IOrlginally azinphosmelhyl-reslslanl ; never scieclecJ for permelhri 

resistance. 
§Originally azinphosmelhyl·rosistanl; selected for permethrin 

resistance. 

TABLE 2. Cross-resistance 
to Other Synthetic pyrethroids In 

Permethrin·selected M. occidenlalis Strain 

Colony and 
date tested 

Permelhrin· 
selected 
WA·9 (1979) 

Un selected 
California 
pear (1979) 

Un selected 
WA·O (1980) 

Permelhrin· 
selected 
WA·18 (1980) 

Materials and rates 
/b ai/lOa gal 

fen valerate. 0.008 
fenvalerate, 0.033 
permelhrin, 0.008 
permethrin, 0.033 
waler 

fenvalerate. 0.008 
fenvalerate. 0.033 
permethrin, 0.008 
permethrin. 0.033 
water 

fenvalerate. 0.008 
fenvalerate, 0.017 
Shell·57706. 0.004 
Shell-57706. 0.008 
Shell·5noo. 0.017 
water 

fenvalerate. 0.008 
fenvalerate. 0.017 
fenvalerate. 0.033 
fenvalerate. 0.067 
water 
Shell·57706, 0.004 
Shell·57706. 0.008 
Shell·57706. 0.017 
waler 

Survival 
of femah 

% 

18.8 
3.8 

67.5 
43.3 
93.3 

0 
0 

15 
7.5 

97.5 

3 
0 
0 
3 
0 

88 

25 
17 
5 
0 

100 
3 

35 
7 

100 

• Forty to 60 adult females tested at each insecticide dose. 

TABLE 3. Permethrln Resistance Retained 
in Overwintered M. occidenla/is Collected 

from Sebastopol Apple Orchard Compared wi 
Resistance Levels of Three Laboratory Coloni 

Colony and history Sun 

Colonies collected in JUly 1980 from 
1979 release trees 
Unsprayed release trees 
Permelhrin treated @ 0.05 Ib ai/acre 
Permethrin treated @ 0.1 Ib aitacre 
Permethrin treated @ 0.2 Ib ai/acre 

Laboratory colonies tested for comparison 
Unselected original colony 
Perrnethrin·resistant colony (WA·18) 
Permethrin 'resistant colony selected 27 times 
. Sixty to 240 adull lemalcs of uch colony tested on 2 or 3 day 

bean leal diSCS sprayed With 002 Ib permethnn 31"00 oa~1 
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Selee ·on improves Sevin resis ance 
in s i er m· e preda or 

Field trials have documented the genetic improvement of an important 
biological control agent in almond orchards 

-Photo by Jack Kelly Clark 

Richard T. Roush 0 Marjorie A. Hoy 

S Pider mites cost California growers an 
estimated $60 million in crop losses and 
pest control expenditures in 1977. Their 
ability to tolerate or resist pesticides which 
destroy their predators accounts for their 
economic significance. 

Some spider mite predators, the phyto
seiid mites, have developed resistance to 
some insecticides in nature. One such 
predator, Metaseiulus (= Typhlodromus) 
occidentalis (Nesbitt), has developed wide
spread resistance to organophosphorus in
secticides such as azinphosmethyl 
(Guthion), important in apple and pear 
pest management in Washington and Cali
fornia. 

Unfortunately, M. occidentalis has not 
developed resistance to all pesticides used 
in those crops where it can be effective in 
minimizing spider mite outbreaks. Car
baryl (Sevin) is one example. Some of its 
uses include blossom thinning in apples and 
navel orangeworm (Amyelois (= Para
myelois) transitella (Walker» control in 
almonds. 

Genetic selection program 
A genetic selection program to develop a 

carbaryl-resistant strain of M. occidentalis 
began in December 1977. The first step in
volved mass hybridization of M. occiden
talis colonies collected from 18 locations in 
California and Washington to provide ade
quate genetic variability. None of these 
colonies was detect ably resistant to car
baryl. Two genetic selection methods were 
used . One method involved rearing preda
tors and prey on pinto bean plants and 
spraying them with increasing doses of 
formulated carbaryl. The other method in
volved treating just the immature, motile 
stages and adult males on pieces of 
moistened filter paper. About 500 to 1000 
predators were treated in each round of se
lection to give about 70 to 90 percent mor
tality. 

A "leaf flood" method was adopted to 
quantify M. occidentalis' responses to car
baryl: bean leaf discs were placed on moist 
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cotton and flooded with a "challenge" 
dose of 2 pounds (active ingredient) car
baryl (80 percent wettable powder) per 100 
gallons of water. Gravid adult female 
predators were then floated in the pesticide 
which was allowed to dry. Tetranychus 
urticae Koch, the two-spotted spider mite, 
was added to the leaflets after the carbaryl 
dried as prey, and the leaf discs were held 
at 28° C for 48 hours when the number of 
survivors was recorded. Ten females were 
tested on each of ten leaf discs (100 preda
tors total) for each assay. 

A high level of resistance developed in 
M. occidentalis strains selected by both 
methods. After 15 to 19 rounds of selec
tion, about 83 percent of the selected 
strains survived compared with ab~ut 2 
percent in the unselected strains. Genetic 
crosses indicated that the carbaryl resis
tance is inherited as a single incompletely 
dominant gene. The FI hybrids (offspring 
resulting from the mating of resistant and 
susceptible parents) survived the "chal
lenge" dose nearly as well (72 percent) as 
their resistant parents. 
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Fig. 1. Visalia Almond Orchard, 1979: (A) 
trees where resistant predators were re
leased (AA); (8) rees where susceptible 
predators were released (SA); (C) trees 

.. where no releases were made (NA). '" 
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Laboratory and greenhouse tests exam
ined the vigor of these laboratory-selected 
predators in the absence of carbaryl treat
ments. Traits evaluated included: repro
ductive rate, development rate, sex ratio, 
mating preferences and compatibilities, 
diapause capacity (ability to enter their 
overwintering state), azinphosmethyl re
sistance, and capacity to control spider 
mite populations. Pesticide-resistant 
strains of insects and mites often develop 
slowly andlor produce fewer eggs than do 
susceptible (wild type) strains, but these 
strains do not. In fact, based on one green
house experiment, a population of these re
sistant predators may increase faster than 
those of the susceptible predator strains 
tested. The sex ratio may have increased so 
that more females are produced than 
normal. 

The carbaryl-resistant predators mate 
freely and seem reproductively compatible 
with California M. occidentalis popula
tions. Their diapause capacity seems nor
mal and their resistance to azinphosmethyl 
increased, although the predators were 
never exposed to this insecticide during the 
selection program. Two greenhouse tests 
demonstrated that the carbaryl-resistant 
predators could survive a normal applica
tion of carbaryl and control two-spotted 
spider mites on pinto beans. 

The carbaryl resistance in these predator 
strains doesn't appear to break down over 
time. M. occidentalis populations with 
equal numbers of resistant and susceptible 
genes (i.e ., Fl hybrid progeny of resistant X 
susceptible parents) retained the expected 
level of resistance (51 percent survival at 
the 2-pound challenge dose) for 8 months 
(about 16 to 24 generations) when main
tained on pinto bean plants in the green
house which were not treated with car
baryl. 

Field releases 
Laboratory and greenhouse assessments 

of this genetically-selected strain indicated 
that it should perform well in the field. To 
assess their effectiveness in the field, the re
sistant predators were reared on the two
spotted spider mite on pinto beans, re
leased into two almond orchards, and 
sprayed with carbaryl applied for navel 
orangeworm control during 1979. There 
were three objectives: (1) to determine 
whether the predators could survive the 
carbaryl applications; (2) to determine 
whether the surviving predators could con
trol spider mite populations in these al
mond trees and (3) to determine whether 
the resistance characteristic could persist 
for more than one season. 

The almond orchards used were a re
search orchard near Visalia and a commer
cial orchard near Blackwell's Corner, Kern 
County. The Visalia orchard is closely 
planted with less than one foot between the 
foliage of trees. The trees had also been 
radically pruned and therefore produced 
leaves about four times larger than those at 
the Blackwell's Corner orchard. Seven 
trees in each orchard were randomly as
signed to each of three treatments: (1) no 
releases (NR); (2) release-susceptible (un
selected) laboratory-reared predators (SR); 
and (3) release-resistant (selected) labora
tory-reared predators (RR). All 21 trees in 
a given orchard were contiguous in one or 
two rows, i.e., there were no "guard" trees 
between experimental trees. Untreated 

Fig. 2. Closeup of fOliage at the Visalia 0 

chard, showing the relative conditions ( 
trees where (A) resistant predators were n 
leased (RA) and (8) susceptible predator 
were released (SA). 



check trees were within three rows of both 
test plots. 

Azinphosmethyl (4 Ibs 500/0 WP/acre) 
was applied with a speed sprayer on May 
7 at the Visalia orchard to precipitate a 

spider mite outbreak. A total of 3500 M. 
occidentalis were then released per tree be
tween June 6 and June 20. On July 6 car
baryl 80 WP was applied at the rate of 10 
Ib/acre as a dilute spray (Ca 400 gal/acre), 
using a handgun. One thousand predators 
were released per tree on June 14 in the 
Blackwell's Corner orchard. On July 13 
carbaryl 80 WP was applied at the rate of 7 
lb/acre as a concentrate spray (approxi
mately 35 gal/acre) by helicopter. Thirty 
leaves were randomly sampled per tree and 
counted by a leaf brushing method. The 

mean totals of all stages are given in the 
figures. 

To document that the predators found 
on the trees after the carbaryl application 
were resistant, a sample of predators col
lected on August I was colonized in the 
laboratory and tested for carbaryl resist
ance. A colony collected before the preda
tor releases were made was tested for com
parison. This was necessary because it is 
possible that the M. occidentalis found on 
a tree after a carbaryl application may have 
survived because of incomplete coverage or 
they may have migrated to the tree after the 
carbaryl application. These predators need 
not be resistant. 

Results of field releases 
None of the predator releases caused any 

statistically significant increases in the 
predator populations before the carbaryl 
treatments at either orchard. 

In both orchards, the resistant predators 
survived the carbaryl application and con
trolled the spider mite populations, where
as the susceptible predators did not. The 
principal mite species in the Visalia orchard 
was the two-spotted spider mite. The May 
azinphosmethyl application produced a 
spider mite population greater than that de
sired. Some defoliation and considerable 
webbing were evident before the carbaryl 
application on July 6. The carbaryl ap
plication appeared to cause a slight de
crease in the M. occidentalis populations in 
the RR trees (where resistant predators 
were released), figure lA, but this decrease 
was not statistically significant and is pro
bably because of mortality of a large pro
portion of the native susceptible predators 

also present on the trees (as illustrated by 
the insignificant impact of 3500 released 
predators per tree). There was a significant 
decrease in predator populations in the 
other (SR and NR) trees (P < .008, signed 
rank test, figures I B, C). 

Although there were no significant dif
ferences in M. occidentalis or spider mite 
populations in the Visalia orchard before 
the carbaryl application, there were more 
predators (P< .001) and fewer spider mites 
(P< .01, Mann-Whitney U test) in the RR 
trees (figure IA) on July 17 (after the ap
plication). In spite of decreases in predator 
populations on the non-release (NR) and 
susceptible release (SR) trees (July 17, fig
ures 1 B, C), there were no great increases in 
spider mite populations as are often ob
served after a carbaryl application. This is 
probably because of the poor nutritional 
quality of the almond leaves at that time. 
The differences in T. urticae populations 
persisted through August I, even though 
the differences in predator numbers be
came insignificant because of predator 
reproduction. The proportion of defolia
tion was much less in the RR trees (figure 
2A) than in the other trees (figure 2B). 

The resistant predators successfully col
onized the Blackwell's Corner orchard, 
even though the spider mite populations 
were very low, and kept the spider mites in 
low numbers. The principal spider mite 
species in this orchard was the Pacific 
spider mite, Tetranychus pacijicus 
McGregor. There were no significant dif
ferences in the predator and prey popula
tion densities at the Blackwell's Corner 
orchard until the August I sample when the 
trees containing resistant predators (figure 
3A) had significantly lower Pacific mite 
densities than the other trees (Mann-Whit
ney U test, P < .05). There were, however, 
no statistically significant differences in M. 
occidentalis populations. 

Apparently, as in the Visalia orchard, 
the predators on the RR trees survived the 
carbaryl application in sufficient numbers 
to control the spider mite populations (fig
ure 3A), but the trees with the susceptible 
predators (SR and NR) suffered a Pacific 
spider mite population increase (figures 3B, 
3C). Unfortunately, the initial populations 
of the predators were too low and the sam
ples taken at an inappropriate time to show 
statistical differences in the numbers of M. 
occidentalis in the first post-application 
sample (as was possible in the Visalia 
orchard). No Pacific spider mites could be 
found in this plot on August 17, probably 
because of their depletion by the M. occi
dentalis populations. There was no defolia
tion in any of these trees. 
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The results of the 2 Ib A II 1 00 gal leaf 
flood tests on the predators recovered from 
the test plots on August 1 show that the re
leased resistant predators were responsible 
for controlling the spider mites. The preda
tors recovered from the RR trees at the 
Visalia orchard on August 1 are more re
sistant to carbaryl (survival: 71 percent) 
than are those collected from the SR and 
NR trees (34 percent, P< .001). But even the 
predators from the NR and SR trees are 
more resistant than the native (pre-release) 
population (2 percent, P < .01), which sug
gests that some of the resistant predators 
have dispersed among these closely spaced 
trees. 

The predators on the resistant release 
trees are significantly more resistant (63 
percent survival) than are those collected 
from the SR and NR trees (7 percent, P< 
.001). The resistances on these trees are 
unchanged from their pre-release levels. 
The trees in this orchard are more widely 
spaced, so dispersal among these trees was 
probably lower than at the Visalia orchard. 

The levels of resistance exhibited by the 
M. occidentalis collected from the RR trees 
in these two orchards are well within the 
ranges expected from the resistance levels 
of the laboratory strains (table 1) because 
some susceptible genes would undoubtedly 
"survive" the carbaryl application in het
erozygotes (FI predators). Some susceptible 
(homozygote) predators would be pro
duced as the predators continued to mate 
randomly. 

The work described up to this point doc
uments two of the objectives of this genetic 
improvement project: predator survival 
after field applications of carbaryl and 
prey regulation. That the resistant preda-

tors could be established even at very low 
prey densities and survive to control the 
spider mites in the Blackwell's Corner 
orchard is particularly impressive. 

The third objective was to show that the 
resistance trait can persist in these predator 
populations from year to year. This phase 
of the project will require further study, 
and because of a variety of environmental 
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Fig. 3. Blackwell's Corner Orchard. A, B/ 
and C are the same as in Figure 1. 

• TABLE 1. Survivorship of Gravid Females from M. occldenfal/s Colonies 
Treate~ with a Carbaryl Challenge 00se(2 Ib AI/100 gal). 

Visalia orchard ) '" ".". • F 

Colony collected liefore predators wefe released 
Colony collectea August 1 from trees ~tier'!!t ~ 
resistant predators were released (AAJ. 

Combined colony collected August 1 from trees 
where susceptible predators were released and ·· 
where no predators were released (SR and NR) 

Blackwell's Corner orchard 
Colony collected before predators were released 
Colony collected August 1 from trees where 
resIstant predators were released (RR) 4 

Combined colony collected August 1 from trees :1. ... """"·.""0" .... 
}Vhere susceptible predators were released and 
where no predators were released (SR and NR) 

laboratory strains ' 
Resistant strain . 
Susceptible strain 
F1 progeny 
F2 progeny ~- ~<:; ~ 

'The survivorship of the predator colonies from each orchard followed by different lellers differ significantly (P < .01. 
Mann·Whltne~ U test with multiple comparisons based on percentage survivorship In replicates after Abbott's correc· 
tion for mortalIiy In water controlsh}io comparisons between orchards are made or are appropriate. • • 
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vagaries, full documentation of this aspect 
may take some time. However, as a prc1im
inary test of overwintering ability and per
sistence, a strain less resistant than the one 
used in this project (from the ninth selec
tion) was rc1cased in the Blackwell's Corner 
orchard in August 1978. This strain did 
successfully persist through June 1979. The 
predators were difficult to find in June 
1979 because of the low Pacific spider mite 
populations (figure 3), but 3 M. occiden
talis were collected from a resistant rc1ease 
tree and one was collected from a suscepti· 
ble release tree. A laboratory colon) 
formed from the 3 predators from the RR 
tree had a challenge dose survivorship of 21 
percent which was significantly greater (F 
= .05) than that of the colony founded b) 
the predator from the NR tree. Unfor· 
tunately, the colonies tested are from smal 
samples and the data are suggestive rathel 
than conclusive. 

Full acceptance of the value of these re 
sistant predators for pest management wil 
require larger field plots and longer trials 
We expect that resistance levels will in 
crease as additional carbaryl application 
cull the susceptible predators in the or 
chards. Tests of predator efficacy will re 
quire study sites where high rates of acari 
cides are not routinely used. Althougl 
acaricides such as propargite (Omite) ane 
cyhexatin (Plictran) kill few M. occiden 
talis directly, some spider mites must sur 
vive the acaricide application or all th 
predators will starve in about 10 days. I 
that happens, wind-blown spider mites cal 
return to the orchard and rapidly build u: 
in the absence of predators. 

Entomologists have noted the successe 
of plant and animal breeders and have di! 
cussed selective breeding of improve 
strains of natural enemies for more than 6 
years. Honeybees, silkworms, and othe 
domesticated or semi-domesticated insec1 
have been "improved" by selection, but n 
one has documented genetic improvemer 
of a biological control agent's field effee 
tiveness until now. We believe that this 
the first successful field demonstration ( 
its kind. We also believe that genet' 
improvement projects will eventually t 
successful for other species of biologic; 
control agents and can involve attribute 
other than pesticide resistance. 
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