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Project 77-C1B IMPACT OF INSECTICIDES ON MITES 6 Dec. 1977
Marjorie A, Hoy, U.C. Berkeley

The objectives of the project were to determine the impact of NOW
insecticide use on plant feeding mite populations in almond orchards in
the northern growing areas. and to survey almond orchards for mite
predators and their potential alternate prey.

Five almond orchards were monitored every two weeks from April to
October- one each near Yuba City, Wheatland and Stockton, and two near
Modesto. Guthion and Sevin were applied once to the Stockton and Modesto
orchards, Guthion only was applied to the Yuba City orchard, and no
pesticides were applied to the Wheatland orchard.

Pest mite and predator species varied from orchard to orchard and
this complex influenced the impact of the pesticides, For example, early
in the season the brown almond mite, Bryobia, was common in the Yuba City
and Wheatland. orchards, but never common in the three more southern orchards.
In contrast, one orchard near Stockton had no detectable mites until June,
when 2-spotted and Pacific spider mites began appearing. However, the
most common spider mites were the European red mite, Panonychus ulmi and
large P. ulmi populations occurred early in 4 of theé 5 orchards. Therefore,
numbers of P, P. ulmi mites on treated trees was significantly higher at the
next sample interval (June 7) after Guthion was applied and remained
higher until the August 30 sample date. For example, in one orchard,
there were 2-10 X as many P. ulmi on treated trees as on control trees
with an average of 320 mites per per leaf on one date., No impact of Guthion
was seen in the Stockton orchard that lacked mites early in the season.

Applications of Sevin were made in two Modesto orchards and in the
Stockton orchard. 1In the Modesto orchards, significant increases in
mite levels were observed on the second sample period after application.
The Stockton orchard yielded inconclusive results, probably due to the
drift of acaricides applied aerially in adjacent trees

The results of these tests show that Guthion and Sevin can result
in higher pest mite populations, although in one orchard, Guthion had
no significant impact because pest mites were not detectable in any samples
taken until late June. Causes of the increases of European red mites after
treatment with Sevin and Guthion were not determined. However, a complex
of predators was found in the five orchards. The most numerous predators,
in both species composition and density, were found in the untreated
Wheatland orchard where the following predators were found: green lacewings
(Chrysopa); & species of lady bird beetles, including Stethorus: spiders
and thrips. 1In addition, a predatory mite was present. In one Modesto
orchard the predatory mite, Metaseiulus occidentalis, was found to be
well-established naturally. Releases of M. occidentalis were made into
individual trees in 4l five orchards, but no ngnlflcant impact of
the releases was observed. However, additloqal tests need to be conducted,

Preliminary tests with an exotic lady beetle (Stethorus loxtoni) from
Australia indicate that it can feed on the pest mites attacking almonds, and
efforts to evaluate its potential for establishment and control of almond
mites is underway,

A laboratory analysis of the impact of a synthetic pyrethroid
insecticide (permethrin) for potential use as a NOW pesticide indicates
that levels recommended for NOW control would probably not kill pest
spider mites, but would kill the predatory mite, M.- -occidentalis. Thus,
this pest1c1de may have the potential to elicit mite outbreaks; particularly
if other predator species are affected similarly,

Assistance was kindly given by Farm Advisors Norm Ross and Don
Rough, and by George Post of Ag, Advisors, Inc.
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INTERPRETATIVE SUMMARY

fhe objectives of the project were to determine the impactvqf NoW
insecticide use én plant-feeding mite populations in almond orchards in the
northern growing areas and to survey élmond orchards for mite predators and
their potential alternate prey.

Five almond oxrchards were monitored every two weeks from April to
October - one each near Yuba City, Wheatland and Stockton, and two near
Modesto. Guthion and Sevin were applied once to the Stockton and Modesto
orchards., Guthion only was applied to the Yuba City orchard, and no
pesticides were applied to the Wheatland orchard.

Pest mite and predator species varied dramatically from orchard to
orchard and this complex influenced the impéct of the pesticides.

The test results show that Guthion and Sevin can result in significantly
higher pest mite populations, although in one orchard, Guthion had no |
significant impact because pest mites wére not detectable in any samples
taken until late June,

The most effective and numerous mite predators in these orchards were

the lady beetles, Stethorus picipes, and brown and green lacewings, These
predators were associated with high mite populations, however, One orchard

had the predatory mite, Metaseiulus occidentalis, naturally present. This

predator is potentially able to regulate mite populations at lower densities,
although I can not document that they did so in this orchard.

Predator releases (M. occidentalis) were less effective than hoped

for in trees vhere the prey was the European red mite - a foed less favored

than the two-spotted spider mite. Additional releases should be done in



Interpretative Summary
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almond orchards with good populations of the two-spotted spider mite.
Laboratory evaluation of permethrin (Ambush) showed that recommended

field application rates are nontoxic to the two-spotted spider mite, and

very toxic to the predator, M. occidentalis. This means that permethrin
for N.0.W. control may allow mite outbreaks since insect predators

are likely to be more sensitive to permethrin also.



INTRODUCTION and OBJECTIVES

The objectives of the project were to determine the impact of N.0.W.
pesticides on plant-feeding mites in the northerﬁ almond growing areas
since these orchards were reputed to be quite different from the orchards
studied by Drs. Martin Barnes and Dick Rice and their associates in the
southern San Joaquin Valley. Natural control agents were té be sampled to
determine if these agents could be controlling pest mites.

Secondary objectives of the project were to:

a) evaluate the impact of releases of a guthion-resistant strain of the

predator, Metaseiulus occidentalis, into almond trees,

b) to develop preliminary information on the suitability of an exotic
lady beetle from Southern Australia as a predator of almond mites, and

c) develop an estimate of the reliability éf samples for estimating
mite densities in various areas of almond trees for the various pest

mite species.



Impact of Guthion and Sevin on Spider Mites

Guthion was applied once to individuai Non Pareil almond trees in
4 orchards on May 26, 1977 using egg traps as timing indicators., The
applications were made at a rate of 2 1lbs SOZ WP Guthion/100 gallons, using
about 8 gallons per tree., Pre-treatment counts were taken 2 days before.
Post-treatment counts were made after 12 days, and every 2 weeks_thereafter.
Thirty leaves were sampled from around the lower periphery of the tree,
including inner and outer areas, These leaves were put in plastic bags,
placed in a cool ice chest and stored in a refrigerator until they were
scored under a dissecting microscope within 1 - 4 days. Counts included
all stages of pest and predators on both the top and bottom of the leaf
and totals were recorded for individual leaves.

Sevin applications to individual trees were made in 3 orchards
(near Modesto and Stockton) on July 27, Pre- and Post-treatment counts were
made, as above,

Results of the pesticide treatments can best be discussed on an
individual orchard basis.

Whitmore Avenue Orchard:

The most dramatic impact was seen in the Whitmore Avenue orchard neér
Modesto belonging to Mr. Sid Long, Superior Fruit Ranch, Inc. This orchard
was flood irrigated. Treeé in this block had a "history of mites". On
Jan. 21 Kleenup oil, upper 53, Delmo 2 and Imidan were applied and on
April 6, Delmo 2 and potassium nitrate were applied. Four blocks of trees
were set up with treatmants randomly assigned within»the block (i.e. control,
Sevin or Guthion), Withian each block there were 2 control trees, 2 Sevin

trees and 2 Guthion trees side by side, with 2 blank trees between,



Two or three guard rows shielded the blocks on each side. Sampling

began April 26 and continued until September 23. The overwhelmingly
prevalent pest mite in this orchard was European red mite, with only
a few T. urticae and T. pacificus recorded. A very few Bryobia and
peach silver mites were sampled. Fig; I-1 shows the population trends
or ERM in the 8 control, 8 guthion and 8 sevin brees;x
ANMOVA (analysis of variance) for each sample date showed significantly |

more ERM in the 8 guthion trees compared to the 8 control trees for the
June 7, 21, July 5, 25, August 2 and 16 sample periods. (Quthion was
applied May 26.) ANOVA showed that ERM counts were higher in the 8
sevin trees compared to the controls on August 16, 30 and September
20, Sevin was applied on July 27. (See Fig. I-1)

| Peak mite populations were found on the July 5 sample date in
all treatments in this orchard. I believe that the dramatic drop on
the July 25 sample date may be attributed to the action of insect

predators, particularly Stethorus picipes and brown lacewings (Hemero-

bius), as both were numerous at this time. Unfortunately leaf samples
are an inadequate way to assess these insect predators' numbers and
impact upon the spider mites. To date, adequate sampling methods

are unavaillable.

Highway 99 Orchard: The other Modesto orchard is located along Hwy.

99 and is 6wnedby Mr. Steve Vilas. This oréhard had parathion,
copper and oill applied on January 12, 1977. One July 14, Plictran
was applied to adjacent trees and the presence of dead mites on the
July 19 sample leaves led me to conclude that drift affeéted the
ERM population in this section as well. As in the Whitmore Ave.

orchard, guthion was applied May 26 and sevin was applied July 27.



Figure I-1. ERM populations in trees treated with guthion and in
untreated trees. Guthion was applied May 26, and Sevin was applied

on July 27, 1977.
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Only sevin or guthion was épplied to each of 8 trees and there
were 8 check trees. Samples were taken as above, and Figure I - 2
shows the population trend of ERM.in these trees. DPeak populations
occurred on June 21 in this orchard. ‘Significant statistical
differences in mite numbers occurred on the June 7, June 21, July 5
and July 19 sample dates when comparisons were made between control
and guthion trees using AIOVA for each of these sample dates.

No differences were seen in the sevin and control trees due to
the drift of Plictran. Only a few two-spotted spider mites or Pacific
mites were fouﬁd in this orchard. A few peach silver mites were
found in May aﬁd June, and 4 individual Bryobia were collected in May.

This orchard had significant numbers of the predatory mite, Metaseiulus

occidentalis, present on the May 10 sample date--which was before the
/
releases of guthion-resistant predators were made. I conclude that

M, occidentalis is established in this orchard naturally.

Hwy. 132 Orchard: The orchard west of Stockton near Hwy 132 and-Hwy
5 had both guthion and sevin applications made to individual trees'
(anpareils)_under premanently-set sprinkler irrigation. .This
orchard had a "history of spider mites". Samples were taken beginning
on April 14, 1977 and at intervals thereafter until Sept. 22. No mites
were found in the trees on the April 1k, 24, or May 10 sample dates.
Only a few tﬁo—spottedAspider mites were found on May 24, but the numbers
climbed until the July 19 sample date and gradually declinéd until
the Aﬁgust 16 sample date. After that no live mites were found in
the samples., Drift of acaridides from adjacent trees killed the
T. urticae population. (See Fig. I - 3.)

Other than T. urticae, a few T. pacificus were found in this

orchard. One Bryobia only was found on June 7 and a total of only



Fig. I - 2. ERM populations in untreated trees, in trees treated

with guthion on May 26 and in trees treated with sevin on July 27,

1977. Drift of Plictran from adjacent plots probably affected mites

after July 1k.
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53 ERM were coilected in this orchard throughout the season.

Since the guthion application was made on May 26, when almost
no mites could be found, no impact of guthion was evident. = The
two-spotted spider mites in the sevin trees were not significantly
greater than in the check trees either, according to ANOVA, but
Fig. I-3 shows that the numbers of mites increased dramatically on

- the 8 sevin trees on the August 16 sample date. The mean number of
mites per leaf on August 16 for the control trees were 3.39 % 3.72;
for the guthion-treated trees the mean number of mites/leaf were
4.60 % 5.85 and for the sevin-treated trees, the mean was 32.81 +
W7.70. This very high variability within the blocks Prevents the
F value from being significant, althdugh it is close to the critical
region. With an increased sample size, and/§§ acaricides had not

destroyed the plots, the results might have achieved statistical

significance in the next sample period.

Yuba City Orchard: One guthion application was made by the grower

In this orchard. Eight guthion-treated tree; and 8 untreated trees
were sampled. These trees had an early population of ERM and of brown
almond mite (Bryobia). These trees lost some leaves in the crotch
area of the tree dut to feeding damage from Bryobia. However, by
late June refoliation had occurred and numbers 6f éf&dbié wéfe
negligiblé.

Guthion applications affected the peach silver mite dramatically
by lowering their numbers from a high of 27-LL mites/leaf to nearly
zero. Recovery did oecur, but the numbers of peach silver mite
dropped again in August (Fig. I - L4). No impact of guthion was

detected on the ERM population.
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Figure I - 3. Two-spotted spider mites in the Hwy. 132 orchard

near Stockton treated ﬁith guthion and sevin on May 26 and July 27,
respectively. So few mites were in the trees in April, May and early
June that they were not plotted. Applications of acaricides between
the Aug. 16 and Aug.A3O sample dates in adjacent trees affected the

spider mite populations.
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Fig. I - 4. Mean numbers of peach silver mite (Aculus cornutus)

in L trees treated with guthion and in 4 trees treated with guthion

in which Metaseiulus occidentalis had been released as well.
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Pest Mites Found in Northern Almond Orchards

Five orchards were sampled during 1977 from late March until
late September, one each near Yuba City, Wheatland and Stockton and

two orchards near Modesto. The table below lists the species observed

and their relative abundance.

Table 1. The Complex and Relative Abundance of Mites Found in 5

Northern California Almond Orchards During 1977

Mite Species
Tocation European Brown Two~ Pacific  Peach
red almond spotted spider  silver
mite mite spider mite mite
Whitmore Ave, Modesto i+ + ++ + ++
Hwy .99, Modesto e -+ + + +
Hwy.132,Stockton + + ++ + 0
Wheatland ++++ ++ + 0 ++
Yuba City ++ ++ ++ : + -

++++ = abundant
4+= present, but low
0 = absent



1

SYIHLO

sdtayy pajjods XTg

SpTI9so3hyd 19Ul 0

(&) mﬂasusmﬁﬂooo SNINTS8SRION

$88s wdosLau)

“oeageT BAOSAIYD

saTnpe  edosfayp

s3Inpe (JI0T00) SI3YJ0

S$9TNRG SNIOY3SLS

SBAJBT SNIOUJDLS
9BRPTTITOUTOD0)

yaeq uo saoptds

s81my uo saopids

soAaT uo sxoplds

SY OLVAdad

IaY30

29 TW J9ATTS yowad

vTqoLag

snoTJyrord snyoAuraley]

28OTIAN SNUOAUBILS ],

T snydAuoued

SLSiId
5ok N JUSPTA® 30U JUSDTAD Aneoy | uoumoo | aaed usos
advuep POAIDSCO q.0u
TILvVd AIAYNS HINNTIN NIL

PIBYDIQ

T - II



IiT -1
Predators Found In Northern Almond Orchards

Predators of spider mites were found and identified on leaves
during sampling of pesticide treatment piots, during counts in
predator release trees and during counts of the "intensive" sampling
of leaves. Predators were also evaluated using a 10-minute sufvey
method. This survey allowed us to get an estimate of relative
abundance of predators not easily sampled on leaves, especially
those that fly readily. The attached data sheet demonstrates the
types of observations made.

The results of leaf samples and 1lO-minute surveys allow me to
conclude that insect predators are dramatic in their numbers and
impact in these northern orchards. The most common and active predators

included especially the lady beetle, Stethorus picipes, which feeds on

mites exclusively,and various lacewings, including two green lacewing

species (Chrysopa carnea and C. nigrocornus) and a brown lacewing,
Heﬁerobius. The brown lacewings were so ﬁumerous in late June and July
in the Modesto orchards that they became a pest to the leaf samplers
by landing on, and attempting to bite, them.

It is likely that the wvery high ERM populations in these orchards

were decimated by the combined action of the Stethorus picipes and

the brown lacewings along with the increase in temperatures.
Other predators found, but never common, included the ashy grey

lady beetle (0lla) and various species of spiders.
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Predators of Spider Mites Commonly Found in Almond Orchards Near

Yuba City, Wheatland, Stockton and Modesto During 1977.

Coccinellidae

splder mite destroyer Stethorus picipes
Chrysopidae

green lacewings Chrysopa carnea

: Crhysopa nigrocornus

Hemerobiidae

brown lacewing Hemerobius sp.
Phytoseiidae

predaceous mites Metaseiulus occidentalis

Metaseiulus megregori

Thripidae

6-spotted thrips ' Scolothrips sexmaculatus
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Releases of the Predatory Mite, Metaseiulus occidentalis,

into Almond Trees

The predatory phytoseiid mite, M. occidentalis, is considered to be

able to regulate spider mites in a number of crops in California. Crops
in which it may be effective include: apples, pears, grapes, walnuts,
peaches, strawberries, piums, etc, In Washington state, a mite pest
management program for apples has been built around pesticide~-resistant

M. occidentalis. Organophosphate-resistant predators allow chemical control

of the codling moth without secondary mite outbreaks,

Surveys of pear orchards near Sacramento showed that M. occidentalis is
resistant to Guthion and diazinon (and probably cross-resistant to most
organophosphates), Therefore, I wanted to learn if Guthion-resistant

M. occidentalis could be released into almond trees, established, and effect

control of spider mites even though Guthion applications might be made.

Releases of M. occidentalis were made in all 5 orchards sampled in

1977. Releases were made as early as possible and release dates were
determined by the availability of prey. As soon as samples showed there
were at least 1 - 2 prey mites/leaf, releases were made.

Releases were made twice in each orchard, using 5 release sites/tree

each time., Adult gravid, guthion-resistant female M. occidentalis were

aspirated from colonies into plastic drinking straws and plugged with
cotton. The straws were pinned to the tree trunk, open end up and the
plug was removed, Observations made at the time of releases showed that
the predators quickly left the straws, Altogether, 300 females were

veleased/tree,
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Wheatland - No pesticide applications were made in this orchard. The
predators were released into & trees on May 17 and June 13. The August 23
sample showed significantly more European red mites in the non-release trees
than in the release trees. This difference supports the hypothesis that

the predator had an impact on the pest population, but does not prove it.

Whitmore Avenue, Hwy 99 and Hwy 132

In the Whitmore Avenue and Hwy. 99.orchards near Modesto and in the
Hwy 132 orchard near Stockton no impact of the predator releases could be
determined when ANOVA was conducted comparing ERM numbers in release and
non-release trees for each sample date in either the codtrol, Sevin or
Guthion trees (a total of 24 trees per orchard).

In the Yuba City orchard, significantly fewer peach silver mites
(A. cornutus) were present in the predator-release trees than in the non-
release trees on leaves sampled from the lower half of the trees only in
the trees being sampled "intensively" in quadrants. This suggests that

M. occidentalis was feeding upon the peach silver mite but did not disperse

far from the release sites in the lower part of the tree. Although the
peach silver mite is rarely (or never?) considered a pest in almonds, the
impact on these prey is promising as it means that the peach silver mite
may serve as an alternate prey for this predator, and allow f the

permanent establishment of M. occidentalis in at least some almond orchards.

In the Hwy 132 orchard, near Stockton, predator releases were made
very late in the season ( n Tuve ), because adequate prey was not present
earlier to sustain the predators (see Fig. I-4 in Section I). No

measurable impact of predators was found.
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Figure IV - 1 -
Population trends of European red mite in trees with and without

Metaseiulus occidentalis releases in an almond orchard near Wheatland, CA

during 1977.
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Preliminary Evaluations of the Lady Beetle,

Stethorus loxtoni, for Spider Mite Control

Lady beetles of the gems Stethorus are known for their mite feeding
habits., Our native California species, S. picipes, was very numerous in
two almond orchards that had high densities of European red mite, These
beetles require large numbers of prey mites to develop, to maintain
themselves and to reproduce. Hence they are often found after the "démage"
has occurred,

In contrast, S. loxtoni, from Australia, is about half the size of
S. piciges. As a result, it can survive on much lower densities of prey
mites, and is reported to be a very effective predator of mites in apples.
Since this predator has the added advantage over predatory mites of being
able to fly - and hence distribute itself - I felt it should be tested és
a predator of mite species found on almonds,

A thesis by Noel Richardson (U.C. Berkeley 1977) on Stethorus loxtoai

had established that it is extremely effective as a predator of the two-
Spotted spider mite. (An abstract of Dr. Richardson's thesis is attached.)
In addition, we attempted to feed S. loxtoni with peach silver mite

(Aculus cornutus), brown almond mite (Bryobia rubioculus), and European

red mite (Panonychus ulmi).

We saw no evidence that §. loxtoni would attack any stage of peach
silver mite or brown almond mite., §. loxtoni did feed readily on the
mobile stages of European red mite, but appeared to have difficulty with

the eggs.



A colony of citrus red mite (Panonychus citri) near the laboratory in

Berkeley allowed an additional test, S. loxtoni fed on all stages in these
preliminary trials, Since citrus red mite is found in almonds in the
southern San Joaquin Valley this is of considerable interest., Additional
feeding preferences need to be determined to allow judgment asvto whether
S. loxtoni will do well in almonds.

Other evaluations that need to be done iﬁclude trying to learn if
S. loxtoni has a reproductive diapause that would allow it to overwiater
» successfully in the San Joaquin Valley, Field cage methods are being de-
veloped now to help answer whether this species can be successfully

established in California almond orchérds.
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THE BIOLOGY OF Stethorus loxtoni Britton and Lee (Coleoptera
Coccinellidae) AMD ITS POTENTIAL AS A FREDATOR OF

Tetranychus urticae Koch (Acarina : Tetranychidae)

IN CALIFORIIA.
By NOEL LOUIS RICHARDSON.
ABSTRACT

‘Stethorus loxtoni is a small exotic predaceous coccinellid,

that preys upon the twospotted mite, Tetranychus urticae. At 25°C the

life cycle of S. Loxtoni, from egg to adult, is completed in 16.0 days,
followed by a 2.1 day pre-oviposition period. Females lay an average
of 281 eggs duririg an average reproductive period of 43 days.

S. loxtoni has a mean generation time of 29.6 days during which .thé net
reproductive rate is 89.6 times. The intrinsic rate of increase at |
259C is 0.152 per female per day and thé time required for the
population to double its size is 4.6 days. The eggs ha;cch in .3.5 days.
There are four larval stages lasting 2.6, 1.4, 1.4 and 3.0 days,
respectively. The duration of the pupal stage is 3.4 days. The
threshold and optimum temperatures for development are 11°%C and 3500 s
respectively. An obligatory diapause does not occur in the life. cycle.
S. loxtoni appears to detect its host only by contact, and wenders
randomly until a prey is encountered. All stages are voracious
feeders. Mite eggs are preferred as prey. First, second, third and
fourth instar larvae consume 21, 48, 67 and 147 mite eggs per day,
respectively. Adult males, pre-ovipositional females, gravid females

and non-fecund females consume 62, 87, 130 and 51 mite eggs per day,



respectively. All stages show a strongly developed functiong;
reéponse to prey density. The number of prey consumed per predator
increéses linearly at low prey densities but levels off to a platean
at high prey densities. All stages show a significant numeriéal
response to prey density. In the immature stages this is exhibited
in a changing survival rate. The adult females respond by producing
more eggs. Aii active stages of S. loxtoni are cannibalistic.
Cannibalism is greatest at low prey densities. Arithmetic models
describing the theoretical interaction between T. urticsze and
S. ioxtoni are presented, assuming that the predator has né troubdle
finding the prey. The prey populations are theoretically amnihilated
on the second day of the interaction wgen the original female pfedator
to female.préy ratio is 1 : 10;' on the third day when the original
ravio is 1 : 20; on thé fifth day when the original ratio is 1 : 30;
on the sixth day when the original retio is 1 : 50; and on the ninth
day when the original ratio is 1 : 1C0. The interaction between
populétions of S. loxtoni éna T. urticae on living host plants was
studied in growth chambers. The experiments indicate that S. loxtoni
could suppress a field population of mites below the economic threshold
in less than two generations of the prey when the initial predator-prey
ratio is 1 : 100, |

S. loxtoni exhibits many of the attributes expected in an
effective natural enemy. It is able to maintain itself aé low prey
densities; its power of increase is more than adequate to offset that
part of the initrinsic power of increase of the prey that is not negated
by predation; it is behaviorally and reproductiveiy synchronized with

© its prey and its habitat; and finally it possesses strongly developed

functional and rmumerical respanses to prey density.



It is concluded that Stethoruslloxtoni would be a valuable

natural enemy for the control of T. urticae in California. Once
| established, it should remain effective unless disrupted by the use of
persistent broad spectrum insecticides.
| b e
: ( W 4,/;-.’\.".(..4./.6_;.."“... Thesis Committee

Chairman
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THE Relative Toxicity of Permethrin to a Predator, Metaseiulus

occidentalis, and to Its Prey, Tetranychus urticae.

The attached ﬁénuscAript has been accepted by Environmental
Entomology for publication. These laboratory data show that the
toxicity of this pyrethroid is significantly greater (20-L0 times)
to the predator than to the prey, the two-spotted spider mite.

Inséct predators of mites were not.tested, but based on
relative toxicities of other pesticides to insect predators,
permethrin is likely to be relatively more toxic to insect predators
of mites as well. Outbreaks of spider mites have been commonly
reported in field trials involving this group of pesticides, and
the outbreaks could be due to mortality of the predators and/or
to physiological stimulation of the spider mites. (There is no
data to date that shows this chemical causes physiological siimulation
of spider mite reproduction, however.)

Because the pyrethroid chemicals are effective at very low
doses, have very low mammalien toxicity and high levels of activity
against lepidopteran pésts, integrated pest management programs
may be developed with this group of pesticide as part of the progran.
Therefore, I have begun a genetic selection program to obtain resistance

to permethrin in the spider mite predator, M. occidentalis. Should

this selection program be suécessful, I hope to release it into
crop systems to obtain permanent establishment. High levels of
organophosphate resistance already can be found in this predator in
grapes and pears (Hoy, unpublished). Ideally, we can combine OP

resisbance with carbamate and pyrethroid resistance in one strain of

M. occidentalis.
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Desirable future work to be done would involve condinuing this

‘selection program involving M. occidentalis and the evaluation of the

lady beetle predators of spider mites, Stethorus picipes ( our native

California species) and S. loxtoni, the tiny Australian lady beetle,

for sensitivity to permethrin.
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