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The ecological interrelationships of mites occurring in 

and near the Hood River Valley, Oregon, pome fruit orchards 

were investigated to determine the possibility of an inte- 

grated control program using the species already present. 

Survey sampling methods were used to study mites on wild 

hosts (Crataegus douglasii Lindl., Crataegus columbiana Howell, 

and Amelanchier florida Lindl.) related to pome fruits, 

abandoned and commercial apple and pear orchards, and soil 

with its cover in abandoned apple and pear orchards. Distr. 

bution of mites among the orchards, within the trees, upon 

the leaves, and among certain varieties was also investi- 

gated. Mites were collected from leaves, spurs and stems, 

bark, and soil and cover in the orchards; and from leaves, 

and spurs and stems of the wild hosts. 

Mites frequently collected from the wild hosts were 

Bryobia arborea "Morgan and Anderson, Panonychus ulmi (Koch), 

Tydeus californicus (Banks), Tydeus zempoalensis Baker, 

Typhlodromus rhenanus (Oudms.), and Typhlodromus mcgregori 
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Chant. Eotetranychus carpini (Ewing), Eotetranychus 

willamettei qcG., Balaustium sp., Typhlodromus anachialus 

(Kennett), Typhlodromus arboreus (Chant), and Typhlodromus 

crataegi Jorgensen and Chant were collected less frequently. 

Crataegus columbiana was the preferred habitat for Tydeus 

californicus, whereas Tydeus zempoalensis preferred 

Crataegus douglasii. The nature of these preferences is 

unknown, since both species were apparently non- phytopha- 

gous. Pest species (Panonychus ulmi and Bryobia arborea) 

were abundant on wild host plots only when these were near 

orchards infested with the same pests. Wild hosts are not 

considered important sources of pests or predacious species 

far adjacent orchards at the present time. 

-seven species of mites were collected from the 

soil and cover, of which only three (Tetranychus telarius 

(L), Balaustium sp., Typhlodromus rhenanus) were also abun- 

dant on the trees. Since the populations on the trees are 

apparently isolated from those on the soil and cover, it 

was concluded that the two populations are independent of 

each other. Only if pests, such as Tetranychus telarius 

and predators such as Balaustium sp., which migrate to and 

from the trees, become numerous in the orchards will the 

populations on the soil and cover interact directly with 

populations on the trees. 

Species which were associated with abandoned and 

semi -commercial orchards were Bryobia arborea, Panonychus 
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ulmi, Eotetranychus carpini, Tetranychus telarius, Tydeus 

californicus, Tydeus zempoalensis, Balaustium sp., 

Mediolata mall, Typhlodromus mcgregori, Typhlodromus 

rhenanus, and several less abundant species. Mite complex- 

es among the orchards varied markedly, resulting in rather 

diverse species associations in different orchards. This 

was particularly true with respect to the predators. Some 

predators-(Typhlodromus rhenanus and Typhlodromus mcgregori) 

that were abundant in one orchard were virtually absent 

from others. Also, Tydeus californicus preferred abandoned 

pear orchards to apple, whereas Tydeus zempoalensis pre- 

ferred apple. 

Distributions of predators were never well syncronized 

with those of the pests, especially Panonychus ulmi. This 

was true, regardless of what distribution was considered; 

seasonal, among the orchards, within the trees, upon the 

leaves, or between mature and immature leaves. As a result 

of these discrepancies, it was concluded that predation by 

Typhlodromus rhenanus, Typhlodromus mcgregori, Mediolata 

mall (Ewing), and Balaustium sp. was not efficient on Panony- 

chus ulmi and Bryobia arborea; but, efficiency was probably 

higher on Eotetranychus carpini, Eotetranychus willamettei, 

and Tetranychus telarius. These same discrepancies probably 

resulted in the lack of interactions between predators and 

prey that could be identified as causative action on the 

part of the predators. Interactions between predators and 

t 



prey were not sufficient to be interpreted as being caused 

by predation. 

The data obtained during this study led to the con - 

clucAon that the acarine predators now present would not 

be particularly beneficial in an integrated control program. 
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ECOLOGY OF MITES ON POMACEOUS FRUIT TREES 
AND 

RELATED WILD HOSTS IN HOOD RIVER VALLEY 

INTRODUCTION 

High production standards of apples, pears, and other 

agricultural crops have led growers into a keen awareness 

of distinct pests and their economic consequence in crop 

yield. Since the turn of the century, orchardists have 

relied more and more on chemical pest control measures which 

assure higher production while producing fruit free from 

blemishes. Frequently, control programs designed to meet 

immediate necessities have led to unforeseen problems, des- 

tined to become important in the near future. These new 

problems may have stimulated Pickett et al. (30, p. 590 -600) 

to criticize the entomologist's lack of foresight in consider- 

ing the relative balance between pests and their natural 

enemies. 

Numerous references have been made to cases in which 

pestiferous species were replaced by species which were 

minor pests or non -pestiferous in the area at the time of 

the change (49, p.27; 55, p. 405 -410; 67, p. 617; 71, p. 137; 

76, p. 2; 30, p. 590). Pickett et ál.(30, P. 590 -591) briefly 

reviewed such a change resulting in the European red mite 

(Panonichus,ulml ;Koch)) as a serious pest. This change 



was sufficiently alarming to initiate an extensive research 

program to explain it. Newcomer and Yothers (76, p. 1) 

stated that P. ulmi "... has recently come into prominence 

as an important pest of deciduoud fruit trees in North 

America...particularly abundant in the Pacific northwest... 

This local abundance, led the Bureau of Entomology to make 

a thorough biological investigation of the European red 

'mite at the Yakima, Washington station ".. A review of 

control recommendations from the beginning of the twentieth 

century to the present emphasizes the presence of pest 

changes in almost any area of long standing fruit production. 

These changes were generally from one species to another, 

resulting from alterations in agricultural practices or 

crop emphasis. Entomologists have usually met such pest 

changes with new and altered chemical control programs, 

although a few pest resistant plant varieties are of suffi- 

cient economic advantage to be useful. 

Indiscriminate use of insecticides resulting in 

predator -prey imbalance along with the introduction of foreign 

pests have been blamed for many current acarine problems. 

Although careless recommendations were sometimes made, for 

the most part concern was appropriately given to the pests 

which were most important at the time. However the current 

pest problems originated seems unimportant at the present, 

for now the problem is to find new and perhaps even better 
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methods of controlling the pests. At the present, chemical 

control is necessarily receiving considerable emphasis, but 

attention is also being given to control with predators and 

parasites. Isolated findings the world over, are beginning 

to call attention to "what might have been had more been 

known about the coactions of the species within the eco- 

system and their response to the environment. 

Of particular interest to efficient crop production 

is pest control in the least expensive manner. This would 

ideally be through the use of biotic agents which are capable 

of maintaining the pest at sub -damaging densities with a 

minim= of effort on the producers part. But first, a 

thorough understanding of all the species must be available. 

For instance, assumptions of effective predation cannot be 

made, merely because of predator is found commonly on the 

crop plant with the pest. It must be on the plant at the 

time the pest is, bring about useful control, and yet 

maintain itself when the pest is extremely low in numbers, 

hibernating, or overwintering. These biological phenomena 

must be understood before hope in the usefulness of preda- 

tors is justifiable. Serious errors may be made in solving 

past problems when too much reliance is placed on biologi- 

cal or chemical control without an adequate knowledge of 

their consequences. 

i 
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Native plant species have too infrequently been con - 

sidered as the source of useful predatory species, and too 

frequently considered to be the source and reservoir of 

some of the most serious mite pests. Anderson et al. (3, 

p. 275) stated that "... to determine whether the phytoÛeiU.s 

that occur in these native sites become established in the 

orchards, and to obtain a knowledge of the entire phyto- 

seiid fauna of the area, is a necessary prerequisite to eco- 

logical studies of predacious mites in orchards ". They 

(3) considered a wide variety of heterogenous, distantly re- 

lated plant species to determine what species of Phytoseiinae 

were present in the vicinity of the orchards. Wellhouse 

(103) made a careful faunistic study of one genus, Oratae u". 

Although the approach employed by Wellhouse (103) aided in 

understanding the species coactions while on the host, the 

knowledge of the biology of certain mite species make it 

necessary to consider the cover crop and adjoining vegeta- 

tion. This is particularly true with respect to the two - 

spotted mite (Tetranychus telarius (L)) which was demon- 

strated by Cagle (15, p. 11 -13), DeOng (30, p. 43), Weldon 

(100, p. 10; 101; 102, p. 12) and others to leave the host 

in search of food or hibernation sites in the cover crop and 

soil at the base of the trees, 

The clover mite (Bryobia praetiosa Koch) was thought 
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to infest herbs, houses, and orchard trees for many years 

until Venable's (96) observations suggested two races were 

present in Canada. One race infested grasses and other 

low- growing herbs, with one generation per year. The other 

race infested deciduous trees and had several generations 

per year. This observation prompted Morgan and Anderson 

(73) to investigate the morphology more closely and describe 

the new species, Bryobia arborea Morgan and Anderson (brown 

mite), which was found exclusively on deciduous trees. 

Further study by Anderson and Morgan (1) revealed still 

other differences in the biology of what had been considered 

to be one species prior to 1957, Because of the biology of 

the two -spotted mite, the confusion of the brown mite for 

the clover mite and other similar cases, it is important that 

ground cover, soil, and adjacent herbaceous and woody plants 

be given equal consideration with the cultivated host itself. 

The European red mite is presently the most serious 

acarine pest in the Hood River Valley and many other fruit 

growing areas in the Pacific northwest. It may have been 

seen by Webster (99, p 680) in 1907, but it was first 
recorded in the United States, from Oregon, by Ewing (35, 

p. 414) in November 1911. It did not become a major pome 

fruit pest in the Hood River Valley until 1954. Prior to 

1954 the principal mite pests were the two -spotted mite and 

the yellow spider mite (Eotetranychus carpini borealis (Ewing), 



but sine* 1954 they have been scarce except in neglected and 

abandoned orchards where moderate numbers frequently occur. 

A thesis by Olney (78) is the only attempt made to establish 

the biology and habits of orchard acarine pests in the valley. 

The objectives of this study are: (1) to determine 

the mite species present on the wild hosts (Cratae;us 

douglasii Lindl., Crataeíus Columbiana Howell, and 

Amelanchier florida Lindl.) closely related to pome fruit 

varieties produced in orchards, (2) to investigate the 

interrelationships between mite populations on wild hosts 

with those in the orchards, (3) to determine interrelation- 

ships among species present on the trees, (4) to determine 

mite species present on the trees and in the soil and cover 

crop beneath the trees in abandoned apple and pear orchards, 

(5) to establish interrelationships between species present 

in the soil and cover, and those present on the trees, and 

(6) to investigate the possibility of integrated control in 

the Hood River Valley. It is intended that some misconcep- 

tions will be clarified and more realistic concepts 

established. 

6 
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LITERATURE REVIEW 

Mites ga Wild Hosts' 

Little has been published concerning the presence of 

mites on non- cultivated plants. However, the favorite food 

plants of the European red mite were listed by Newcomer and 

mothers (7G', 3 -4) as common deciduous fruits, particular- 

ly the plum, 'prune, apple, and pear. This species was 

also reported from a variety of non -cultivated plants, among 

which was hawthorn (Crataegus). Tellhouse (103, p. 1090) 

stated that it was common on hawthorn in ' Europe and North 

America, sometimes causing leaves to turn brown. 

We1lhsane (103, p. 1090) did not report the brown 

mite, then considered as B. praetiosa, from Crataegus, in 

Europe or North America. Kremer (58, p. 195) listed 

Oratae ;us inonog na Jacquin and Oratae ua oxYacantha, L. as 

hosts of B. praetiosa, but concluded (p. 239) that they were 

not important infectors of fruit trees since he was unable 

to transfer mites from apple to hawthorn and keep them alive. 

Of course, it was necessary for him to assume the inverse 

r 

'For the purposes of this study, wild hosts are considered 
to be those species of plants which are native to the Hood 
River Valley, but not cultivated. 

, 
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was also true to form conclusion. his Roesler (c7, p. 16) 

was unable to transfer the gooseberry form of B. praetiosa 

from gooseberries to apples or pears. He also observed the 

difference in number of generations per year that led Morgan 

and Anderson (73) their description of the new species, 

T. arborea. Anderson and Morgan (1, p. 23 -24) listed 

numerous plant species that T. praetiosa was known to feed 

on, but stated (p.30) that B. arborea fed only on orchard 

trees in 3ritish Columbia. They (73) then quoted others as 

recording the brown mite from plum, prune, pear, peach, 

apricot, quince, almond, elm, poplar, and conifers. 

As far as predacious mites are concerned, Anderson 

et al. (3, p. 277) stated that T. rrienanus was one of the 

most common typhlodromid species on native non«cultivated 

plants in southern British Columbia. Aside from the work 

in British Columbia, no particular effort has been made in 

western North America to establish the interrelationships 

of wild hosts and orchard trees as habitats for predacious, 

acarine species. 

Mites, la Orchards 

As in the case of the wild hosts discussed previously, 

abandoned orchards are sometimes thought to be the source 

of some pest problems. These orchards can perpetrate serious 

problems with certain pests and diseases. They also offer 

' 
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excellent laboratories for population studies of mites and 

any influence predators may have on population oscillations. 

With the aid of these orchards, the coactions of mites and 

their reactions to the plants may be more completely 

demonstrated. 

Panonyohus ulmi - The European red mite has become 

possibly the most important pest of fruit trees in the 

Pacific northwest (76, p. 1; 99, p. 680). At the time this 

study began it was the outstanding pest in the Hood River 

Valley. It is generally thought that this species was 

introduced into North America from Europe, probably on 

imported nursery stock sometime near the turn of the 

twentieth century. Since its introduction, it has become 

widespread throughout most pomaceous fruit growing areas in 

North America. One possible reason for its high degree of 

success is the inefficiency of its predators. 

The life history of this species has been studied in 

several parts of the world: England (11), Holland (59), 

Sweden (94), Washington (76), Virginia (14), Connecticut 

(40, 41, 42), and California (30, p. 48). All of these 

accounts agree with observations from commercial orchards 

in the Hood River Valley- -the European red mite builds up 

to a maximum in early August and then rapidly decreases. 

This often observed phenomenon was sometimes thought to 

'It.. 

- 

. 
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be the result of predators building up to high densities 

and effecting a mid- summer decline (44, p. 27; 76, p. 68; 

93, p. 820; 72, p. 607 -609; 21, p. 201; 22, p. 597; and 

23, p. 111). In Holland, Vrie and Fluiter (97, p. 603) 

considered this decline to result from a lack of food 

rather than predation. They stated that the European red 

mite reached such high densities early in the season on 

untreated trees that damage occurred despite the presence 

of predators. , The damage resulted in the lack of food. 

Chant p. 649 -650), Anderson and Morgan (2, p. 661 -662), 

Putman and Herne (84, p. 668), Kuenen and Post (60, p. 611- 

612) determined the decline of P. ulmi after July to be an 

annual occurrence, and it had not yet been established to 

be inherent in the biology of the species or due to predation. 

Chapman (see Putman and Herne 84, p. 673) attributed the 

decline to a seasonal change in the basic physiology of the 

trees and thus it may be unrelated to the influence of 

natural enemies. 

Boynton et al. (13, p. 13 -19) in their extensive work 

on nitrogen and mineral content in apple leaves demonstrated 

a seasonal decrease in nitrogen, phosphorus, and potassium. 

Along with this. chlorophyll content generally decreased 

after mid -July, sometimes rather sharply. This cholorphyll 

decrease was not evident in Red Delicious leaves 

' 

' 

' 
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in the greenhouse (12, p. 29), although it did level off. 

Hamstead and Gould (46, p. 110) stated that leaf nitrogen 

in apple leaves is highest early in the season at about 

the same time the European red mite reaches its population 

peak. 'Actually, in the Hood River Valley and, according to 

the literature concerning most areas, the peak mite popu- 

lations were later in mid- summer when chlorophyll was high- 

est (13, p. 18 -19), Blair (10) has shorn that feeding is 

principally from the palisade cells which are, according 

to MacDaniels and Cowart (68, p. 20), rich in chloroplasts. 

.line feeding is primarily along the mid -rib where palisade 

cell are concentrated, it appears as though the chlorophyll 

cont may influence the mid -summer decline, so that decline 

may possibly be due to the physiological status of the trees 

rather than the influence of predators or an inherent c uMty 
in the biology of the mite. 

Boulanger (12, p. 3) stated that, "There are strong 

indication, that severe leaf injury is primarily a function 

of time. The number of mites per leaf is of importance, 

but apparently more significant is the time at which these 

numbers are found. Twenty mites per leaf in late July would 

be of less concern than three or perhaps fewer mites per 

leaf in May. In the latter case the build -up of the mite 

population, resulting in a reduced rate of carbohydrate pro- 

. 

. 
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duction by the foliae, would come at about the time fruit 

bud differentiation is taking place. A later buildup would 

possibly interfere with late storae of food reserves 

Assuming that all else is equal, it follows that a tree 

with foliage injured early in the season will enter dormancy 

in a less thrifty condition than one suffering later injury ". 

Chapman et al. (20, p. 819) suggested that apple leaves do 

not recover as far as chlorophyll is concerned after mid- 

summer and determined that mite injury does affect the tree's 

vigor. Later, Lienk et al. , p. 353) stated that the 

mite infestation studied by Chapman et al. (20) in " 

1951 apparently had a pronounced effect on fruit bud forma - 

tion....Bloom was 75% lighter in mite injured Cortland trees 

in 1952 and 31F,-' lighter in comparable trees of the Red 

Delicious variety, Yields in bushels of apples at harvest 

for the two varieties were 64.8% and 35,8% lower, respective- 

ly". This reduction in yield was determined to be the result 

of early- season injury which occurred in 1951. 

From this review of the injury resulting from mite 

infestations, it is apparent that early season control must 

be effected for the sake of the following years fruit set. 

For this reason, predators must be efficient controlling 

agents early in the season. Biological control during the 

early season is not reported in the literature, it is 
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generally later when pests are already declining. A 

partial reason for this is a significant lag in the buildup 

of predators (2, 25, 50, 77, 83, 84). The small spring 

populations and slow build -up of phytoseiids in the orchards 

limit their potential effectiveness against early season 

infestations of the European red mite. 

Bryobia arborea - The brown mite was one of the most 

common species in abandoned orchards of the Hood River 

Valley, but it was virtually absent from the commercial 

orchards. It was also abundant in some semi- commercial` 

orchards. jebster (99, p. 678) stated that the brown mite 

was not generally considered important on apple trees in the 

northwest in 1949. Anderson and Morgan (1, p. 31) reported 

that foliage injury caused by the brown mite on apples is 

very noticeable in the mouse -ear stage of leaf development, 

at which time extensive damage may be caused by large numbers 

of larvae feeding on the primary leaves. Later in the summer 

the foliage damage resembles that caused by the European red 

mite except that discoloration is generally less uniform. 

Since the brown mite is a pest of pone fruits in other parts 

2Semi- commercial orchards are those which receive insuffi- 
cient cultural attention to maintain them in economically 
profitable production. 

, 
. 
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of the world, it must be considered as a potential pest 

in the Hood hood River Valley. The toxicity of compounds 

to this species has long been known (100, p. 6 -9; 102, p. 11) 

their use may be temporarily restricting brown mites to 

unsprayed orchards. 

Kremer (58, p. 224 -232) and Anderson and Morgan (1, 

-30) agree that this species begins hatching from 

overwintering eggs in April, resulting in a large peak of 

adults in Uay. Although this spring generation feeds on 

the leaves, about 93' of the quiescent stages were found 

back on the spurs, whereas only 4 to 10% of the subsequent 

generations were found quiescent on the spurs (1, p. 23). 

Roesler (37, p. 17), Summers and Baker (92, p. 370), and 

Lienk and Chapman (64, p. 301) reported that the brown mite 

spends most of its time on the spurs and migrates to the 

leaves only at favorable times to feed. There was no indi- 

cation of any such migration in the Hood River Valley or, 

according to Anderson and Morgan (1, p. 29) , in the British 

Columbia orchards. 

If the summer foliage injury were similar to that of 

the European red mite as stated by Anderson and Morgan 

(1, p. 31) and since both species build up high densities 

in the early spring, the urgency of their control would be 

similar. 2redators will have to initiate early season 

' 
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control if they are to be efficient controlling agents. 

Putman and Herne (85, p. 576) stated, concerning the 

brown mite, "The behavior of this species and its distribu- 

tion on peach trees as determined from observations.... 

suggest that its populations on this host are self -limited 

at a relatively low level, and it is unlikely to become a 

pest." If this were the case in the Hood River Valley 

pomaceous fruit orchards, mite predators or chemical controls 

would not be needed, but there was no reason to think it is 

the case. 

Tetranychus telarius - The few observations of this 

species that were possible in the Hood River Valley agreed 

with what is available in the literature. Ewing (36, p. 

14 -20) did not mention at which season the populations were 

highest on fruit trees in 1914. In fact (p. 48), at that 

time the two -spotted mite was apparently not a serious threat 

to the fruit trees. Webster (99, p. 679) also failed to make 

a point of its importance on fruit trees, although (p. 678) 

he did state that it was damaging to Delicious apple foliage 

when combined with the Pacific mite (Tetranychus pacificus 

MoG.). Cagle (15) also failed to note development of popu- 

lations on trees since he worked primarily with mites on 

clover, etc. Chapman and Lienk (19, p. 310), Lienk and 

Chapman (63), Lienk al. (65, P. 350), Clancy and Pollard 
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(23, p. 109), and Putman and Herne (S5, p. 575) all demon- 

strated that this species developed late in the summer 

(August -September) on fruit trees. This was most decisive- 

ly demonstrated by Lienk and Chapman (63), who allowed the 

population to develop in the absence of predation as well 

as competition with the European red mite. 

Two- spotted mites survive the winter in the adult 

and nymph stages on winter-growing plants, or hibernate 

among fallen leaves and in the soil (30, p. 43). Weldon 

(101, p. 430) observed these mites leaving trees in great 

numbers and seeking shelter beneath clods of earth on 

August 9, 1909 at Palisade, Colorado. Clancy and Pollard 

(23, p. 109) observed them to gradually move up the trees 

from the ground cover, throughout the summer, and become most 

numerous on the trees late in the season. Anderson and 

Morgan (2, p. 663) made similar observations and stated 

that T. telarius often develops in large numbers on cover 

crops and weeds in the early summer and subsequently migrates 

unto the trees. Putman and Herne (85, p. 575) were able to 

eliminate these mites from the cover crop by cultivation and 

demonstrated that the late season build -up was not a result 

of migration, for such movement could not have occurred. 

It may be concluded, from this review, that this 

species increases more slowly than the European red mite 

and reaches its peak about one month later. 
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This is apparently the case whether or not it relies on 

migration from the cover crop or develops on the trees 

independently of the migration. In either case, populations 

develop at alternate times with that of the brown mite or 

the European red mite and the early season foliage damage 

discussed by Boulanger (12, p. 3) and Lienk et al. (65, P. 

353) is avoided. Along with this, the necessity for early 

season control is also avoided. 

Eatttranychue willamettei3 - The Willamette mite 

was mentioned by Webster. (99, p. 680) as once being a 

serious pest of tree fruits in the Hood River Valley. He 

......__.. 

3The present status of this species in the Hood River Valley 
orchards is evident, but its history is not nearly so clear. 
Olney (,ú, p, 4-5) stated, "There are four species of mites 
prevalent in Hood River Valley that are more or less general- 
ly distributed in Oregon. They are responsible for most 
of the trouble caused by this group of pests on deciduous 
fruit trees. Those species are the Willamette mite..,.The 
Willamette mite....is closely related to the two -spotted 
mite and is often, particularly during mid -summer, mixed in 
great numbers with the latter species." Ellertson (34) in- 
formed me that what was previously considered the Willamette 
mite was identified as the yellow spider mite (Eotetranychus 
carpini) in 1957 by A. E. Pritchard who further stated that 
it was previously confused under the name of the Willamette 
mite. Lamiman (61, p. 902) stated that the :.illamette mite 
confines its attacks to spring and early summer, suite un- 
like that described by Olney (78) and Webster (99). In 
view of Pritchard's identifications and the findings of this 
study, it will hereafter be considered that Olney actually 
worked with E. carpini and this, rather than E. willamettei, 
was the pest or to 1954. 

. 

' 

O 

. 
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stated (p. 679) that, "...Tetranychus willamettei McG.... 

allied to the Pacific mite is another species that takes 

over in its place on the tree fruits at Hood River early in 

September, 1947." These were concluded to be in reality, 

yellow spider mites. 

Surprisingly high numbers were collected late in the 

season (August and September) from C. douglasii, but none 

were collected from abandoned or commercial orchards 

during this study. The life -history of this species has 

not been satisfactorily described but, in general, it 

appears similar to the life -history of the Pacific mite 

which has been studied by Lamiman (61). He stated (p. 902) 

that the Willamette mite and the Pacific mite are usually 

associated, but the Willamette mite confines its attacks 

to spring and early summer in California. This appears to 

disagree with their late occurrence on C. douglasii and more 

work on their biology is certainly necessary in the Hood 

River Valley. 

Eotetranychus carpini - The yellow spider mite has been 

mentioned several times as occurring in orchards, but 

apparently has never become a serious problem except when 

in combination with other species (2, p. 659; 26, p. 212; 

74, p. 92). About all that is known concerning this species 

is that its seasonal distribution is similar to that of the 

f' ¡ 

, 
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two -spotted mite (2, p. 660). In a sampling study in which 

contagious distribution was essential for success, Pielou 

(81, p. 646) stated that the sampling method was sufficient- 

ly accurate to test miticides for the control of Willamette 

mites. Since his statement was based on the work of Olney 

(78), this species was concluded to be the yellow spider mite. 

Tydeus californicus - This species has been mentioned 

by Baker and Wharton' (6, p. 192) as being predacious, but 

later Fleschner and Arakawa (39) suggested that it fed 

on leaf surfaces and must be considered as a potential pest 

of avocados in California. 

Mediolata mall - Although the seasonal distribution 

of this species on trees in the Hood River Valley is 

presented, its biological importance is difficult to assess. 

Garman (43, p. 20) listed its habitat as apple bark and 

twigs 1 in February and ' ;_arch, and leaves in May and June. 

It apparently migrates from overwintering sites on the bark 

to leaves in may. He then goes on to suggest that it is 

a possible predator (p.27). 

Lord (66) stated that Mediolata novae- scotiae Nee. 

(a close relative of mall) feeds on eggs of the brown mite, 

but does not readily feed on European red mite eggs. 

MacPhee and Sanford (70, p. 129) listed Y. mali as a possible 

--- 
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predator of phytophagous mite eggs. Anderson and Morgan 

(1, p. 31) stated that one predacious mite always found in 

association with the brown mite in British Columbia was 

Mediolata sp. (possibly mall). Morgan and Anderson (74, 

p. 93) included Mediolata sp. as one of the principle 

predators of the European red mite, apple rust mite (Vasates 

schlechtendali (liai.)), yellow spider mite, and the brown 

mite. Thomas et al. (93, p. 819) listed Mediolata sp. 

as a principal predator of the European red mite. 

Typhlodromus rhenanus - This is possibly the most 

common species of predacious mite in the Hood River Valley 

and the Pacific northwest (4, n. p.). It has been report- 

ed from fruit trees in British Columbia (1, p. 31; 2, p. 659; 

74, p. 96), Nova Scotia (49, P. 27 -28; 50), Ontario (83; 

84, p. 668 -669), and England (26, p. 206 -208). Cunliffe 

and Baker (27) recorded it from many types of vegetation in 

the United States. Prior to 1948 when Garman (43) began to 

unravel the systematics of this group, almost all phytoseiids 

taken from fruit trees were referred to as Seius pomi Parrott 

and this doubtless contained some specimens of T. rhenanus. 

This species has been shown to build up slowly in 

the spring and reach its peak in August and September (2, 

p. 662). Putman (83, p. 741) pointed out that T. rhenanus 

hibernated chiefly in cankers on the limbs and under dead 
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bark in Ontario peach orchards. 

They have been shown to feed on the brown mite by 

Anderson and Morgan (1, p. 31) . Herbert (50) observed them 

feeding on European red mite summer eggs, larvae, nymphs, 

and adults; brown mite summer eggs, nymphs, and adults; 

and two -spotted mite eggs and nymphs. Putman and Herne 

(34, p. 669) observed them feeding on two -spotted mite 

adults in the laboratory. 

Mite Distribution on Leaves 

The distribution of predators within their environ- 

ment is a population character that could conceivably 

influence predator -prey relationships. If the maximum 

effect of predation is to be realized, predators must be 

present and actively feeding in all ecological niches 

occupied by the prey. A predator cannot effect permanent 

control of a pest if there are areas where the pest is safe 

from attack, for continual reinfestation is inevitable. 

Since the ultimate habitats of phytophagous mites and con- 

sequently predacious mites on fruit trees are leaves, mite 

distribution on leaf surfaces was investigated. 

Chant (17, p. 650 -651) was one of the first to 

recognize the value of mite distribution on leaves, and 

successfully demonstrate the impact it can have on predator- 

' 
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prey relationships. Blair and groves (11) found that 15% 

to 30;' xp of the total European red mite population, even in 

low densities, was located on the ventral surfaces of the 

leaves. iLnnderson and ''organ (2) observed that one -half of 

the eggs and active stages of the European red mite was on 

the ventral surfaces of the leaves, They (2) stated that 

the distribution of T. rhenanus, two -spotted mite, and the 

yellow spider mite was along the mid -rib and lateral veins 

near the mid -rib of the dorsal surface. Webster (99, p. 

680) recorded the << Willamette mite as building up on the 

dorsal side of the leaves. It was agreed that phytophagous 

species dispersed generally over the inter -veinai areas as 

the population increased (2, 11, 17, 99). 

:mite Distribution between Mature and Immature Leaves 

Population differences of mites among leaves has not 

been adequately studied. Doubtlessly, many factors contri- 

bute to uneven distribution and the relative numbers of 

mites per leaf is only indicative of these interacting 

factors. Herderson and Holloway (47) studied the influence 

of leaf age and feeding injury on the citrus red mite 

(Metatetranychus ,citrt (McG.)) . The influence of leaf age 

on the distribution of the European red mite was first 

studied by Chant (17, p. 654 -656). He also studied this 

. 

' 

, 
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influence on the predator, aphlodr©mus tiiltae Oudemans. 

His approach was to sample the incidence of mites from the 

tip of the spur to the base, which resulted in sampling from 

leaves of varying age. 

Mite Distribution within Trees 

Dean (28) demonstrated seasonal changes in mite distri- 

bution within grapefruit trees in Texas during 1955 and 1956. 

Chant (17, p. 651 -654) discussed the changing distribution 

resulting from early spring concentrations of over -wintering 

forms to more even dispersal as the season progressed. 

Inhabiting Soil 

Mites living in the soil and cover beneath orchard 

trees have received much less attention than those on the 

trees despite the fact that at least a portion of the two - 

spotted mites spend part of their life cycles in this 

environment. Since Morgan and Anderson (73) showed that 

the brown mite (B. arborea) was distinct from the clover 

mite (B. praetiosa) in 1957, only the one important orchard 

peat (T. telarius) is still found in the soil. 

:heals (33, p. 248) stated that, "a significant 

increase of Collembola in the DDT treated plots was asso- 

ciated with a marked and significant reduction in 

Mites 

. 
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a enostß mata (primarily Ppr ;amasus sp. and Digamasellus 

sp.)." He favored the opinion that the increase in Colleen. - 

bola was, in part, the result of decreased acarine predators. 

Hurlbutt (53, p. 768-769) reported an increase in Tetrany- 

chidae in heavily sprayed orchards as opposed to lightly 

sprayed and abandoned orchards. lie also found a decrease 

in the predacious mites in same heavily sprayed 

orchards. 

- 
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DESCRIPTION OF SAMPLING SITES 

Wild Hosts 

hosts, which are related to pone fruits, are 

sometimes thought to be important as a source of orchard 

mite pests. Crataegus columbiana, C. douglasii, and A. 

florida were selected for study. An ecological understand- 

ing of the mites from these plant species will allow a 

better evaluation of the relationships between mites in 

producing orchards and on wild hosts. 

The ecological position occupied by the wild hosts 

studied is not completely understood. Detling (31, p. 

165 -166) said A. florida plants have "...their present 

centers of distribution to the south of the Columbia River 

....None extend as far north as Alaska, although some reach 

southern British Columbia in the dry region east of the 

Cascades. West of the mountains they are most typically 

associated with the oak -madrone woodland, and when they 

occur at middle and higher elevations it is on exposed places 

with shallow soil, strong insulation, or other factors 

favoring xeric flora." In the Hood River Valley, A. 

florida is found associated with oakbrush- yellow pine in 
undisturbed communities and along roadsides, frequently in 

the vicinity of orchards. 
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This is all that is known about !hs ecological position of 

this species. 

Crataegus, on the other hand, grows in deeper soils 

supplied with more abundant water. For this reason, C. 

douglasii and C. Columbiana have developed into large 

thickets where competition has been removed or along drain 

ditches and areas which are supplied with seepage. 

Four associations were sought in selecting the study 

plots: (1) an association in an isolated situation (with 

respect to commercial and abandoned orchards), (2) an asso- 

ciation with an abandoned orchard, (3) an association with 

a commercial orchard, and (4) an association with the undis- 

turbed natural habitat. Crataegus Columbiana was the only 

species in which all of these associations were not found, 

since no association with an abandoned orchard was avail- 

able. 

Amelanchier florida - Study plots 1 and 2 were located 

one mile west of ''osier, Oregon. These two plots were iso- 

lated from orchards by at least three miles. They were on 

an east -facing, rocky slope and associated with undisturbed 

yellow pine (Pinus ponderosa Dougl.) and oakbrush (Quercus 

dumosa Nutt.). Plot 3 was associated with oakbrush -yellow 
pine in the Hood River Valley. This plot, although still 

- 

: 
- 
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in its undisturbed habitat, was located about 100 yd. from 

a commercial Anjou pear orchard. Plot 4 was situated along 

a roadside adjacent to a commercial Red Delicious apple 

orchard. Plot 5 was selected because of its close asso- 

ciation with an abandoned apple and pear orchard. 

Crataegus douglasii - All four plots were located in 

the Hood River Valley and occupied essentially the same 

ecological niche. This species was very common, but due 

to the singularity of the habitat it occupied, four plots 

were considered sufficient. Plot 1 was located in a seepage 

area, bordered on two sides by newly planted Red Delicious 

apple orchards. This was a single -tree plot, separated 

from adjacent vegetation by approximately 50 ft. Plot 2 

was situated at the top of a drain ditch at the id- Columbia 

Branch Experiment Station. This plot was adjacent to a 

commercial Newtown apple orchard. Plot 3 was located along 

a drain ditch near a semi -commercial Bartlett pear orchard. 

Plot 4 was located along a drain ditch and was about one 

mile from the nearest orchard. This plot was associated with 

oakbrush and considered to be isolated. 

Crataegus, columbiana - This species occupied about 

the same type of ecological niche as C. douglasii, but was- 

n't nearly as abundant in the Hood River Valley. Only a 
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few isolated trees were found. Plot 1 was located about one 

mile west of Mosier, Oregon near A. florida, plot 2. It was 

separated from the nearest orchard by at least three miles. 

Plot 2 was at the Mid- Columbia Branch Experiment :station, 

adjacent to an experimental apple orchard of several 

varieties. Plot 3 was about one -half mile north of the second 

plot and grew in essentially the same type of habitat, ex- 

cept that it was adjacent to a commercial Anjou and Bart- 

lett pear orchard. 

Orchards 

Several abandoned orchards were investigated before 

the selection of three which were considered best for this 

type of study. áelections were based on the mite species 

present and the interval since they received their last 

application of insecticide. Apparent vigor of the trees 

was also considered, as were the varieties available within 

the orchards. A commercial orchard was sampled to estab- 

lish a better understanding of the mite species present on 

producing trees. Occasional samples were were collected from 

semi -commercial orchards to determine if the mite complexes 

were similar to those in the abandoned or commercial 

orchards. 

. 
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?At. Hood Orchard - Mt. Hood orchard was three -fourths 

of a mile east of Mt. Hood, Oregon. It was completely 

surrounded with a Douglas -fir (Pseudotsuga menziesii. 

(Mirb. Fanco.) forest and situated at 1500 ft. elevation. 

The clearing contained approximately 20 acres. The orchard 

consisted of 10 acres of apples and pears with the following 

varieties: Newtown, Stripped Delicious, Gravenstein, 

Jonothan, Spitzenberg, Anjou, and Bartlett. The two pear 

varieties were restricted to the southwest corner while 

the apples were scattered over the remainder of the orchard. 

It was located on a dry west slope with no irrigation. The 

early spring ground cover was dense and green (consisting 

primarily of grasses), but soon dried in the summer climate. 

Having little water, the annual tree growth was negligible 

and the succulence of more vigorous trees was lacking. 

This orchard was last sprayed in 1951 with lead 

arsenate and DDT for codling moth (Carpocapsa po anella (L)) 

control. Organic phosphates or acaricides had never been 

applied. Spitzenberg and Gravenstein varieties were select- 

ed for sampling, because of their better vigor. 

Mosier Grade Orchard - The ,rosier Grade orchard was 

located two miles east of Hood River on the old Mosier, 

Oregon road at a place designated as "Mosier Grade ", and 

occupied a steep, rocky slope 910 ft. in elevation. The 

. 
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trees were extremely declined and annual growth was negli- 

tible since they had been abandoned for 20 years. The soil 

lacked irrigation and ground cover was sparse. Yellow 

pines and their predecessors, which surrounded the orchard, 

had made considerable advances into the orchard. 

Newtown and Winter Banana varieties were used in this 

study. To the best knowledge of the owner, this orchard 

had received no insecticide for about 20 years. Certainly 

no organic phosphates or DDT had been applied since their 

use cane considerably later than 1939 when the orchard 

was sprayed last. 

Sparks Pear Orchard - This orchard was irrigated 

so that it had ample water, frequently being partially 

flooded. It was situated on an east slope 2.5 miles south 

of Oakgrove, Hood River Co., Oregon at an elevation of 975 

ft. The soil usually maintained a heavy grass cover crop. 

Parathion and DDT were applied in three cover sprays 

along with lime sulfur and oil in 1949, ten years prior to 

this study. Since then, no insecticides have been applied. 

Anjou, Bartlett, Bose, and Flemish Beauty varieties were 

scattered throughout the orchard, but Anjou was the only 

variety used in this study. 

Commercial Orchard - The commercial orchard was at 

- 
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the Mid- Columbia Branch Experiment Station. A block of 

long established Newtown trees receiving sprays recommend- 

ed for the control of current pests in commercial production 

of fruit was used. 

Orchard Soils 

Mites occurring in orchard soils were studied in 

four separate orchards, three of which have already been 

described, These three are Mt. Hood orchard, Sparks pear 

orchard, and the commercial orchard at the Experiment 

Station. An additional abandoned orchard on Fir Nt. road 

was used to replace the Mosier Grade orchard. Trees in 

the Mosier Grade orchard were widely spaced and extremely 

declined, with ground cover quite atypical of most abandon- 

ed or commercial orchards. Fir Mt. road orchard was situat- 

ed about five miles southeast of Hood River, Oregon and was 

bordered on two sides by commercial apple orchards, It 

was irrigated and represented the remains of a 10 acre 

block of Newtown and Striped Delicious apples. 

The cover crop was primarily a heavy grass sod supplied 

with sufficient water to maintain succulent growth. Cover 

sprays containing parathion and DDT were applied to the 

trees for the last time in 1954, five years before this 

study. 
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SAMPLING METHODS 

The methods used in this study were developed, in 

part, through a review of other work with similar objec- 

tives concerning related species. Reference is made to 

Anderson and Morgan (2), Chant (16) (17), Debach (29), 

Dondale (32), Flesohner (37) (38), Henderson and Holloway 

(47), Hurlbutt (53), K_lnstermeyer (56), Lienk and Chapman 

(63), Pickett (79), and Wallwork (98), all of whom 

employed methods useful in this study. Applications of 

these methods are discussed more fully in sections deal- 

ing with specific objectives. Some of the procedures 

used were peculiar to this study only and will be consider- 

ed in greater detail than those found in the literature. 

Mites, on Wild Hosts 

Two ecological habitats were sampled, the first was 

leaves and the second was spurs or terminal stems. Leaves 

were sampled by collecting five random samples of 10 

leaves each. Five random samples of five spurs or stems were 

collected. Randomization was not complete inasmuch as the 

leaves and spurs or stems were selected from the periphery 

of the plant at about 4 ft. above the ground. This was 

standard among all plots, however, and should not inter- 

fere with the analyses. Leaves and spurs or stems from 
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the interior of the host were collected periodically to 

determine if they needed to be included in the sample. 

After the leaves had been collected, they were 

returned to the laboratory where they were brushed with 

the mite -brushing machine devised by Henderson and 

McBurnie (43, p. 1 -4). Spurs and stems were stripped 

of their leaves and brought to the laboratory where they, 

too, were brushed with the mite -brushing machine. This 

method of removing mites for counting was demonstrated 

by Morgan et al,. (75, p. 195 -196) and Henderson and 

McBurnie (48) to be thorough and economical. Morgan et 

al. (75, P. 195 -196) demonstrated that brushing was 

highly efficient in removing E. carpini, P. ulmi and 

Typhlodromus (T.) rhenanus (Oudms.), all of which were 

found in the present study. 

Several trapping solutions have been tried on the 

glass disks of the mite brushing machine with variable 

degrees of success. :aostermeyer and Rasmussen (57, p. 

705) used a water soluble solution of polyvinyl alcohol 

and Henderson and MoBurnie (48, p. 2) used a cumber- 

some mixture of 50% varnish and 50 benzine. Morgan et 

(75, p. 196 -197) discussed the use of three solutions: 

(1) 70) sulphonated castor oil and 30% glycerine; (2) a 

mixture of glycerine, water, and detergent; and (3) a non- 

' 

ál. 



34 

ionic, alkanolamine condensate, soapless detergent4. 

They (75) decided the latter was the most satisfactory 

material. 

In the present study, a simple mixture of brown 

sugar and water proved to be the most satisfactory. Its 

principal defect was that if allowed to stand for more 

than 12 hours, entrapped mites began to distort and some 

escaped. However, if the disks can be examined soon after 

being used, brown sugar and water was very satisfactory, 

convenient, and economical. If the plates can't be 

examined soon they should be stored in refrigeration to 

assure that the mites remain in place. The mixture should 

not be used if immediate observation is impossible. Per- 

haps Emcol 5100 would be more satisfactory in the event 

that a waiting period is necessary. 

Counting of the mites on the plates was done as 

described by Klostermeyer and Rasmussen (57, (57, p. 705). The 

results were recorded as mites per leaf or mites per spur. 

4Emcol 5100, The Emusol Corporation, Chicago, Illinois. 
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Mite O in Orchards 

Procedures for this portion of the study were design- 

ed to evaluate the mite species in several habitats on the 

above -ground part of the host plant. Leaves, spurs, and 

bark from the trunk were sampled. Following the selection 

of orchards to be studied and the mapping of available 

trees, single -tree plots were selected at random. Samples 

were collected from five treated trees and five untreated 

trees, Treated trees were hand sprayed to the drip stage 

with TEPP twice during the season, once on May 10 and again 

on June 14. TEPP was used to prevent residue build -up 

which might curtail the further mite population develop- 

ment and at the same time reduce certain susceptable species. 

Care was taken to spray when the populations were repre- 

sented by all stages of development, thus insuring 

recurrence of the species as larvae emerge from the eggs. 

Untreated and treated trees were sampled simultaneously, but 

treatment and check trees were not paired. 

Samples were collected at random on each plot about 

seven feet above the ground surface. Fifty leaves and 

twenty spurs were collected from each plot and returned to 

the laboratory in separate containers. They were brushed 

with the mite- brushing machine and recorded as mites per 

leaf and mites per spur. Counting and brushing techniques 



were the same as those used with the wild hosts described 

previously. This sampling procedure resulted in 250 leaves 

and 100 spurs being collected from the check and treatment 

trees on each sampling date. 

In addition to the previously described mode of 

sampling, field observations were made to assist in 

establishing the activity of the various species. Preda- 

tion and other behavior characteristics were observed in 

this manner. 

Mite Distribution on Leaves 

To more firmly establish possible coactions of 

orchard mites, their distribution on leaves was plotted 

according to the method used by Chant (17, p. 651 -652). 

T'etraryvchus telanius, E. cartini, and P. ulmi were plotted 

from leaves removed from commercial and semi -commercial 

orchards. This precaution was necessary to avoid distri- 

butions being distorted by pressures of natural predation. 

Bryobia arborea was not found in commercial orchards and 

it was necessary to plot this species from abandoned 

orchards. To avoid predatory distortion, the brown mite 

was removed from its natural leaves and placed on uninfest- 

ed leaves, from which predators were removed. ;here they 

resumed feeding was considered to be an accurate estimate 

e 
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of their distribution. 

Tydeus zempoalensis Baker and Tydeus californicus 

(Banks) occupied the same area on the leaf, thus only T. 

zempoalensis was illustrated. Tydeus zempoalensis, T. 

californicus, and "ediolata mali (Ewing) were all plotted 

from abandoned orchards. The results were checked against 

the influence that predators might have had by removing 

the mites to leaves with no predators. Balaustium sp., 

Typhlodromus (T.) mcizreggr . Chant, and T. rhenanus were 

all plotted from leaves collected from abandoned orchards. 

Only adults were used in plotting distribution on the 

leaves, but the immature forms seem to have similar 

patterns to those of the adults. 

Mite Distribution between Mature, and Immature Leaves 

Predatory effectiveness is dependent upon access - 

ability of the prey species to the predators. An examina- 

tion of this accessability was made by recording the relative 

number of mites for seven species on mature and immature 

leaves5. The species sampled were P. ul. :i, B. arborea, T. 

zempoalensis, T. californicus, M. mali. T. megreggri, and 

5The age of the leaves was determined by their position on 
actively growing spurs, mature leaves at the base and 
immature leaves nearer the terminal point. 

- 
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T. rhenanus. Samples were taken from three abandoned 

orchards and one commercial orchard during June 1959. 

Leaves had had ample time to mature and yet immature 

leaves were plentiful in June. Panonychus alai was 

sampled in the commercial orchard and all others were 

sampled in abandoned orchards. 

Five trees were randomly selected from each of four 

orchards and 50 mature and 50 immature leaves were collect- 

ed from the periphery of each tree. This resulted in the 

examination of 250 mature and 250 immature leaves from 

each orchard. They were brushed with the mite -brushing 

machine and recorded as the mite species and numbers pre- 

sent in each sample. 

Mite Distribution within Trees 

To be effective in controlling pests, predatory 

species must have a distribution which is common with that 

of the pest over the entire tree. A sampling scheme was 

initiated to establish this phase of their distribution. 

A tree was divided into four -foot height levels, labeled A 

to D from the bottom to the top. Trees exceeding 16 ft. in 

height were not used. Each level was divided into four 

equal quadrants, designated east, north, west, and south. 

Each quadrant was further divided into eight sampling sites. 

Two sites were in the first three -foot distance from the 

. 
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trunk, two in the second, and four in the third three - 

foot distance. This design resulted in 128 sampling sites. 

However, some trees were not sufficiently large and 

symmetrically developed to provide samples from all areas 

(see table 28). 

After the sampling sites had been established, five 

leaves were examined from each and the number of infested 

leaves recorded. The actual number of mites was not 

counted. This type of sampling established relative dis- 

tribution among the sampling sites. The sampling was 

repeated on five different trees. Thus, 128 sites were 

sampled five times (640), resulting in 3,200 individual 

leaves being examined to establish the distribution of 

each species. The following species were studied in this 

manner: P. ulmi, T. telarius, B. arborea, Balaustium sp., 

T. mcgregori, and T. rhenanus. These samples were taken 

during May and June of 1959 in abandoned and semi- commer- 

cial orchards. It was necessary to use semi -commercial 

orchards to establish distribution of P. ulmi and T. 

telarius because they were rarely collected from the aban- 

doned orchards. 

Mites Inhabiting Soil 

The four orchards selected for this study were sampled 

semi- monthly during the 1959 growing season. The same trees 

- 
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were sampled each time to reduce sampling variables. 

Sampling was much like that used by Hurlbutt (53, p. 768), 

except that 125 sq. in. were removed from under five trees 

(25 sq. in. from each). This undoubtedly left some niches 

unsampled and consequently, periodic samples were taken 

from other abandoned orchards as well as from other areas 

within the study orchards. These samples were taken to 

the laboratory and placed in modified Tullgren (95) 

funnels for mite extraction. Although the samples of sod 

were seldom collected more than one inch in depth, they 

were placed in the funnels upside down to facilitate more 

complete extraction of both kinds and numbers of mites. 

This has been suggested by both Macfaden (69, p. 320) and 

Hammer (45, p. 24). 

The mites were collected from the Tullgren funnels in 

70' alcohol and specimens were retained for mounting and 

counting. After identifications had been made, the mites 

were recorded as mites per cubic inch of orchard litter and 

surface soil. 
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RESULTS 

Mites Wild Hosts .._._.. _.__.__.. 

Analysis - Analysis of variance and the factorial 

design were used with the F test in all statistical analy- 

ses made of mites that were systematically sampled. The 

species included in these analyses are 2. ulmi, T. 

rhenanus, T. zempoalensis, and T. californicus. Tydeus 

californicus was analyzed from O. Columbiana, T. 

zempoalensis from Ç. douglasii, and P. ulmi and T. rhenanus 

from both host species. All data were transformed by the 

square root method (x + .5)2 before analyses were made. 

Interactions were determined among species, plots 

(sampling sites), habitats (leaves and spurs), and time 

(seasonal distribution). Appropriate ratios of mean squares 

for the F tests were determined from a mixed model with ex- 

pected mean squares determined by the method defined by Ben- 

nett and Franklin (9, p. 319 -469) and Simpson et al. (39, 

p. 296 -297), . The plot and sample components of these 

analyses were random while the species, habitat, and time 

components were fixed. Since the samples were nested with- 

in the plots, habitats, and time, it was unnecessary to 

determine sample interactions with the other components. 

But, the sample mean square was needed for some appropriate 

F tests. 

-........_ 
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The interaction mean square used as the error term is 

frequently referred to as the experimental error and the 

original error mean square as the sampling error (62, p. 

452). The sampling error was not actually determined since 

it was not needed for any of the tests of significance. 

The biological implications of the significant interactions 

were evaluated with the aid of figure 1. The level of 

significance was predetermined to be at the 5 level 

although in cases where significance was observed at the 

1% level, more confidence was exercised in arriving at 

the interpretation. 

Aze..anchier florida - Mites were scarce on A. florida 

in the Hood River Valley. In the course of one growing 

season only 43 mites of five species were collected, being 

scattered throughout all five plots. 

Plot No. 1, Ten specimens of T. zempoalensis from 

leaves. 

Plot No. 2. Two specimens of T. zempoalensis from 

a single spur. 

Plot No. 3. Six specimens of T. zempoalensis and two 

specimens of T. rhenanus from spurs. 

Plot No. 4. Seven specimens of T. zempoalensis from 

spurs. 

Plot No. 5. Thirteen specimens of T. zempoalensis, 

' 

á 
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seven from leaves and six from spurs; two T. 

rhenanus from spurs and one Balaustium sp. from 

leaves. 

Lichens frequently grow near the base of the plants 

and sometimes very near the spurs. Samples of lichens were 

examined and found to contain two additional species, 

Cymbaeramaeus sp. and C misia bicarinata (Koch). 

Crataegus douglasii - The species collected from C. 

douglasii were B. arborea, P. ulmi, E. camini, E. willa- 

mettei, T. californicus, T. zempoalensis, Balaustium sp., 

T. rhenanus, Typhiodromus (T.) anohialus (Kennett), 

Typhlodromus (T.) arboreus (Chant), and an unidentified 

species of Tarsonemidae. Only the Tarsonemid was restrict- 

ed to spurs and none of the species were limited to the 

leaves. Also, two species of Oribatei (Zygoribatula sp. 

and Oribatula sp.) were collected from lichen covered 

stems. 

Plot No, 1. Tydeus zempoalensis and P. ulmi were 

abundant; B. arborea, T. californicus, Tarsonemi- 

dae, T. rhenanus, and Balaustium sp. were less 

abundant. 

Plot :o. 2. Tydeus zempoalensis and P. ulmi were 

abundant; B. arborea, T. californicus, Tarsonemi- 

dae, T. rhenanus, T. arboreus, and Balaustium sp. 

. 

' 



were less abundant. 

Plot No. 3. Tydeus zempoalensis and T. rhenanus were 

abundant; P. ulmi. arborea, E. willamettei, 

E. carpini, and T. californicus were less 

abundant. 

Plot No. 4. Tydeus zempoalensis was abundant; P. 

ulmi, B. arborea, T. californicus, Tarsonemidae, 

T. rhenanus, and T. arboreus were less abundant. 

Mate ri the seasonal distribution of abundant species 

(P. ulmi, T. zempoalensis, and T. rhenanus) are presented 

in figure 1. The numbers of species collected less abundant- 

ly were too few to be presented in graph form; refer to table 

29 for a summary of their occurrence. 

One of the primary objectives of studying mites on the 

wild hosts was to determine their interrelationships to 

mites in the orchards. Because interest was not centered 

around the reaction of species on the wild hosts them- 

selves, the species interactions were not subdivided for a 

more detailed analysis. Some observations were made from 

the factorial analysis, however, and should be considered 

generally. 

It is apparent from table 1 that each species was not 

equally abundant among the plots (S x P) or habitats 

(H x S). The species also failed to have the same 

44 
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seasonal distribution. among the plots (M SXP). These 

observations were also suggested in figure 1. For example, 

it is apparent that T. zeMnoalensis was not as abundant 

in plots 3 and 4 as it was in plots 1 and 2. Panonychus 

ialla and T. rho nnaanus were also less abundant in some plots 

than others, even to the point of disallowing plotting in 

some cases. 

It was interesting to note that only when these plots 

were situated near commercial orchards, were they infested 

with 7. ulmi (plots 1 and 2). Also, the only plot from 

which substantial numbers of 3. arborea were collected was 

plot 3, which was near a semi -commercial pear orchard that 

was infested with the brown mite. 

The primary conclusions that may be drawn from these 

analyses are that orchards were responsible for infesting 

the wild hosts rather than the inverse. Mite complexes 

varied among plots of C. dou;lasit, depending on the 

array of circumstances under which they occurred and the 

only species common to all plots was T. zero oalens :s_ which 

is also present in abandoned apple orchards. 

Crataegus columbiana - The species collected from 

C. columbiana were . arborea, P. ulmi, E. willamettei, 

T. oalifornicus, T. arboreus, Typhlodromus (A.) crataedi 

Jorgensen and Chant, and an unidentified species of 

. 

. 
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Figure 1. .seasonal distribution of mites abundantly 
collected from C. d u hail and C. columbiana. 
A, 3, C, and D are 4ouglasii plots 1, 2, 3, 
and 4, respectively; E and F are ç lumbiana 
plots 2 and 3, respectively. Density is 
expresse as the sum of the transformed 
(x + .15} values of mites per leaf or spur. 

. 
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Table 1. Summary of analysis of variance for mites sampled 
from Crataepus douglasii. 

Source of Variation d.f. 

S - species 2 
P - plots 3 

S X 2 6 
H - habitat 1 

H X S 2 
H X P 3 
H X S X P 6 

M - time 8 
M X S 16 
M X P 24 
M X S X P 48 
M X H 8 

MXHXP 24 
M X H X S X P 48 

A - sample 288 

m.s. 

19.0352* 
5.1310 
3.6639** 
2.8751 
8.6429** 
1.5091 
.5410 
.0881 
.6571 
.7678 
.4644** 
1.7487 

.4416 

.8960** 

.3650 

*Significant at the 5% level. 

* *Significant at the 1% level. 
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Tarsonemidae. Both B. arborea and the Tarsonemid were 

restricted to the spurs, but they were collected only 

sporadically. The Willamette mite (E. uilla-Iettei) was 

collected only once, and it was from leaves. Two species 

of Oribatei were also collected (Zygoribatula cp. and 

Oribatula sp.) from lichens and mosses near the bases of 

plants. 

Plot No. 1. None were collected abundantly; P. 

ulmi, B. arborea, T. californicus, and T. 

arboreuS were infrequently collected. 

Plot No. 2. Panonychus ulmi and T. californicus were 

abundant; E. willamettei, Tarsonemidae, and T. 

arboreus were less abundant. 

Plot No. 3. Panonychus ulmi and T. californicus 

were abundant; T. arboreus and T. crataegi were 

less abundant. 

Data on the seasonal distribution of P. ulmi and T. 

californicus are presented in figure 1. Records of other 

species were too sporadic to plot on a graph, refer to 

table 29 for a summary of their occurrence. 

The results of the factorial analyses presented in 

table 2 indicate that the species were not equally abun- 

dant among the plots ( ".,i ), nor did they have the same 

seasonal distributions among the plots (M?S ). These 

results may be seen graphically in figure 1. As in the 
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Table 2. Summary of analysis of variance for mites sampled 
from Crataegus columbiana. 

Source of Variation d.f. MOO. 

S .. species 2 80.4146** 
P - plots 2 58.9754 

S X P 4 55.0932** 
H - habitats 1 13.1546 

H X S 2 5.7897 
H X P 2 3.8634 HXSXP 4 2.5883 - time 8 2.6941 
M X S 16 2.3644 
M X P 16 1.9672 MXSXP 32 2.3825** 
M X H 8 1.1803 
M X H X S 16 .6604 
M X H X P 16 .5899 
M X H XS 

A sample 
X P 32 

216 1.1688 

**significant gnificant at the 1 level. 
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case with C. douglapii, 2. Alai was abundant in only those 

plots which ware situated near infested orchards. 

Some general observations relative to both species 

of should be emphasized. TYdeus zempoalensis and 

T. rhenanus, were found abundantly only on ,Y. douglasii, 

while T. arbveus and T. calf: ornicus were most abundant 

on g. columbjana. Panonychus ulmi, was abundant on both 

host species, but only when they were situated near an 

infested orchard. The European red mite Generally increased 

in numbers at the same time infestations in the orchards 

were greatest, In both host species, the mite complexes 

varied among the plots, probably resulting from several 

influencing factors. 

Mites ln Orchards,, 

Analysis, - Analysis of variance and a factorial design 

were used with the F test in all statistical analyses made 

mite population samples from abandoned orchards. The 

species included in these analyses were the phytophagous 

D. arborea and P. ulmi and the predacious T. mcgregori, T. 

arboreus, T. rhenanus, Balastium sp., and m. mall. Tydeus 

zempoalensis and T. californtcus were treated as having 

unknown food habits. These species were not all collected 

from each orchard and will necessarily be considered with 

. - 
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respect to the mite complex of the orchard in which they 

occur. Since P. alak was the only species collected in 

substantial numbers from the commercial orchard, data 

from these orchards were not analyzed statistically. All 

data were transformed by the square root method (x + .5)2 

before the analyses were made, 

Interactions were determined among species, treat- 

ments (sprayed with TEPP or unsprayed), habitats (leaves 

and spurs), time (seasonal distribution), and sample trees 

in cases where two varieties were included in the sampling. 

Appropriate ratios of mean squares for F tests were deter- 

mined from a mixed model with expected mean squares 

determined by the method defined by Bennett and Franklin 

(9, p. -469) and Simpson et al. (89, p. 296 -297). All 

components of analyses were fixed except the sampling 

trees which were selected at random. Therefore, the 

appropriate tests of significance were determined by their 

respective sample tree interaction mean squares. For 

example; S m.s. was tested with A X S m.s., T m.s. with 

A X T m.s., S X T m.s. with A X S i T m.s., etc. (refer 

to table 4 for meaning of the abbreviations. 

The interaction mean square used as the error term 

is frequently referred to as the experimental error, and 

the original error mean square as the sampling error 



52 

(62, p. 452). All sample mean squares were tested with 

A X M X H X T m.s. (table 4), but they were, with 

the exception of A X S m.s., of little biological interest 

and were not analyzed further. The sampling error was 

not actually determined because it was necessary only to 

test the high order interaction, A X M X H X S X T (table 

4), which was of no particular biological interest. 

Succeeding the initial factorial analysis, the 

species interactions were further subdivided for a more 

detailed examination of the nature of the interactions. 

The subdivisions were made by first contrasting species 

or groups of species which were biologically important 

(e.g. predators vs. phytophagous, etc.). Interactions 

between these contrasts and linear, quadratic, and cubic 

components of the response curve were determined (24, p. 

122 -153). The biological implications of the significant 

contrasts X curvature response interactions were evaluated 

with the aid of seasonal distribution figures 2, 3, and 4. 

The response curve is the regression curve result- 

ing from plotting the contrasts of biologically important 

species species or groups of species with time (seasonal distribu- 

tion), The curvature response is an expression of the 

type of curve and may be defined as linear, quadratic, 

and cubic. The 1z,ß component is the regression curve 

. 
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in which the interactions are linear, it may be either 

positive or negative. The Quadratic component is the second 

degree regression or deviation from the linear component, 

it may also be positive or negative. Quadratic means the 

ends of the linear curve are not straight, forming a 

parabola. The cubic component is the third degree regression 

or deviation from the quadratic component, it may also be 

either positive or negative. In the latter case, devia- 

tions from the quadratic and especially the linear curves 

are sufficient to draw the conclusion that causative actions 

by predators or competitors are not evident. 

In two of the orchards, Mt. Hood and Mosier Grade, 

two apple varieties were included in the sampling. Duncan's 

(33) multiple range test was used to rank the sample trees 

according to significant differences among the average 

numbers of mites per leaf or spur. Variety preferences 

expressed as mite densities were determined with this test. 

The level of significance was predetermined to be at 

the 5% level although in cases where significance was 

observed at the 15 level, more confidence was exercised 

in arriving at the interpretation. 

2ît. Hood Orchard - Mites from the leaves and spurs of 

this orchard were primarily B. arborea, M, mall, and T. 

mcgreaori. Panonychus ulmi and Balaustium sp. were 

- 
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collected in small numbers only. None of the species were 

restricted to the spurs or leaves although M. mall and T. 

mc',regori were collected only from spurs in the early 

spring, and the brown mite was collected more abundantly 

from spurs throughout the season. Figure 2 presents the 

seasonal distribution of B. arborea, M. mall, and T. 

mcgregori. The average number of mites per leaf and spur 

is presented in table 3. 

Significance is apparent for several of the components 

not indicated in table 4 but only those containing species 

interactions contribute to an understanding of mite ecology. 

Table 4 indicates that (1) species were not equally abundant 

(a), (2) species were not equally abundant on leaves and 

spurs (H S), X (3) species did not have the same seasonal 

distributions (M X S), (4) species did not have the same 

seasonal distributions on leaves and spurs (M X H X S), 

and (5) species were not equally abundant among the sample 

trees (A X S). Most of these interactions were expected 

and may be partially explained with the aid of figure 2. 

The only main effect of interest is that of the species, 

since the others pooled all species into each total. The 

TEPP treatments had no significant differential effect on 

the mite populations (S X T). 

The fact that species were unequal in numbers is 

, 



Figure 2. Seasonal distribution of mites abundantly 
collected from Mt. Hood orchard. A - comparison 
of the untreated plots; B, C, and D - comparison 
of the treated (TEPP) with untreated plots. 
Density 3s expressed as the sum of the transformed 
(x + .5) values of mites per leaf or spur. ' 
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Table 3. Average number of mites per leaf and spur from 
untreated sample trees in Mt. Hood orchard. 
Summer, 1958. 

Date Habitat 

Speciesa 

Bry. 
arb. 

Pan. 
ulm. 

Typ. 
mcg, 

Bal. 
sp, 

Med. 
mal, 

May 5 leaves .00 .00 .06 .00 .09 
spurs 8.31 .00 .02 .00 .30 

May 21 leaves .01 .00 .16 .01 .10 
spurs .99 .00 .01 .02 .00 

June 5 leaves .02 .00 .21 .01 .08 
spurs .78 .00 .10 .02 .00 

June 26 leaves .05 .00 .13 .00 .32 
spurs .02 .00 .00 .00 .00 

July 14 leaves .00 .00 .53 .00 .18 
spurs .06 .00 .00 .00 .00 

July 25 leaves .02 .00 .68 .00 .10 
spurs .20 .00 .00 .00 .10 

Aug. 11 leaves .04 .00 .92 .00 .28 
spurs .16 .00 .00 .00 .00 

Aug. 27 leaves .08 .00 .16 .00 .20 
spurs .14 .00 .00 .00 .03 

Sep, 12 leaves .10 .00 .16 .00 .30 
spurs 1.30 .00 .00 .00 .00 

aBry. arb. - Br obia arborea, Pan, ulm. - Panonychus ulmi, 
Typ. mcg. - yph o romus mogregori, Bal. sp. - Balaustium 
sp., Med. mal. - Mediolata mali. 
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Table 4. Summary of the analysis of variance for mites 
collected from Mt. Hood orchard. 

Source of Variation m.s. 

S - species 4 1.0813** 
T - treatment 1 .0039 

S X T 4 .0538 
H - habitat 1 .0924 

H X S 4 1.6262** 
H X T 1 .0011 
H X S X T 4 .0377 

M - time 8 .5162 
M X S 32 .3758** 
M X T 8 - .0249 
M X S X T 32 .0020 
M X H 8 .5061 
M X H X S 32 .3164** MXHXT 8 .0256 
M X H X S X T 32 .0350 

A - sample trees 4 .0992 
A X S 16 .0568** 
A X T 4 .1084 
A X S X T 
A X H 

16 
4 

.1375 

.0248 
A X H X S 16 .0614 
A X H X T 4 .1368 
A X H X S X T 16 .0976 
A X M 32 .0185 
A X M X S 128 .0154 AXMXT 32 .0686 AXMXSXT 128 .0606 
A X M X H 32 .0528 
A X MX H X S 128 .0093 
A X M X H X T 32 .0326 'AXMXHXSXT 128 .0231 

* *Significant at the 1% level. 
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unimportant and would be expected with this type of sampling. 

Also, it is not particularly important that some species 

were more abundant on leaves or spurs than others, although 

this could possibly contribute to effective control if pre - 

ferences were shown for either habitat by a species. 

Possibly the most significant observation one can 

make from table 4 is that the species did not have the same 

seasonal distributions on leaves and spurs. In fact, each 

species had a different seasonal distribution. If figure 

2 and table 3 were examined, it would appear that B. 

arboreta, distribution differs from that of T. asap .= 
and Y. mall. Also, the seasonal distribution of B. arborea 

seems somewhat quadratic on spurs, whereas there is no 

such indication of this curvature response, to time, on the 

leaves. These observations were not unexpected nor were 

they particularly impressive alone, but the reasons under- 

lying the differences, which resulted in interactions,are 

of considerable biological significance. These interactions 

have been examined in somewhat greater detail. 

Tables 5 and 6 present the species contrasts that 

were considered to be important to an appreciation of the 

interrelationships between species and /or groups of 

species. These contrasts were then tested to determine 

how they reacted with the linear, quadratic, and cubic 

' 
' 
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Table 5. Subdivision Subdivision of the species sums of squares for 
the Mt. Hood orchard. 

Source of Variation 
and Contrastsa d.f. ms 

S1 - Phytophagous vs. Predacious 1 9.1888** 
S2 - B. arborea vs. T. rc re;ori 1 1.1960** 
;3 - n. arborea vs. M. mali 1 2.5925** 
1'4 - 7. rnc}7repori & ala ús sp. 

1 .0391 vs. ;,:,. mal., 

experimental error (A X S) 16 .0567 1 - Linear component 1 .6365** 
r2 - Quadratic component 1 1.7216** '3 - Cubic component 1 .7268** 

Experimental error (A X M) 32 .0185 
Si X T1 1 1.6909** 
Si X T2 

1 3.5333** 
Si X T3 
S2 X T1 

1 

1 

.3904** 
1.7567** 

X T2 1 4.0878** 
S2 X T3 

1 .3705** S3XT1 
1 1.2770** 

S3 X T2 1 3.0210** 
S3 X T3 i .4095** 
S4 X T1 1 .1352** 
S4 X T2 1 .0862* 
J4 X T3 1 .0144 
Experimental error (A X M X S) 128 .0154 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

*Significant at the 55 level. 

* *Significant at the 1 ` level. 
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Table 6, Subdivision of the habitat sums of squares for 
the Mt. Hood orchard. 

Source of Variation 
and Contrastsa d.f. m.s. 

Si - Phytophagous vs. Predacious 1 .0576 
S2 - B. arborea vs. T. mcgregori 1 4.9726** 
S - B. arborea vs. M. mali 1 2.6504** 
S4 - T. mc;regori & 7a137griuLm sp. 

vs. M. mali 1 .1181 
Experimental error (A X H X S) 16 .0614 

T1 - Linear component 1 1.2766** 
T2 - Quadratic component 1 1.6933** 
T3 - Cubic component 1 .1874 

Experimental error (A X M X H) 32 .0528 
S1 x T1 1 1.4833** 
si X T2 1 3.2392** 
Si X T3 1 1.0312** 
s2 X Ti 1 1.5316** 
S2 X T2 1 2.9346** 
S2 X T. 1 1.2369** 
s3 X Ti 1 1.9762** 
S3 X T2 1 3.5488** 
S3 X T3 1 .8151** 
S4 X T1 1 .0480* 
S4 X T2 1 .0113 
S4 X T3 1 .0154 
Experimental error (A X t" X H X S) 128 .0093 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

*Significant at the Y level. 
* *Significant at the 1; , level. 
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components of the response curve. The desired reaction 

would, of course, be an unaltered linear response which 

could then be interpreted in terms of cause and effect. 

The contrast of T. mcgregori and Balaustium sp. 

vs. M. mall was the only observation that approached a 

pure linear response and it was altered some by the 

quadratic component (P < .05, Table 5). The response was 

still evident when the habitats were considered (Table 6). 

This response probably resulted from mites sampled from 

leaves, since very few were even collected from spurs. 

Also, Balaustium sp. could have contributed very little 

since it was so infrequently collected. The interaction 

is not particularly impressive, however, because both 

species (T. mcgregori and M. mall) seem to have had about 

the same seasonal distribution (Figure 2) and a causative 

effect was not evident. In fact, they both may have 

responded to unknown factors, quite independent of each 

other. 

All other contrasts showed significant linear inter- 

actions, but these interactions were always altered by 

both quadratic and cubic response curve components. This 

means that none of these contrasts had a distinct curva- 

ture response that could be identified, even though the 

average numbers between the contrasts did differ signifi- 

. 

- - 
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cantly. It should also be pointed out that P. ulmi i 
contributed very little to the total effect of phytophagous 

species because it vas too infrequently collected. This 

species was, in fact, never collected from untreated 

sample trees. 

It was intended that the treatment with TEPP would 

allow a closer examination of interrelationships among 

certain species, but the species- treatment (S X T) inter- 

action was not significant (Table 4). This probably 

resulted from one of two, or possibly both, reactions of 

the mites to the treatment. The species (1) may have been 

either non -responsive to the treatment or responded 

equally, and (2) population densities may have been too 

low to detect a significant response to the treatment. 

One is tempted to conclude that even though a species 

could not be singled out as a deterrent to population 

development of phytophagous mites, the complex of all 

predators form a deterring action. This conclusion is 

not entirely justified because of the large number of 

factors not yet understood. The tree vigor, variety, non - 

acarine predators, etc. might well contribute significantly 

to the population cycles and densities of phytophagous 

species. The principal conclusion to be drawn from the 

sample from this orchard is that no predacious species 

, 

. 
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was demonstrated to have had a distinct controlling. 

influence on the pestiferous species'. 

Duncan's (33) multiple range test was used to rank the 

sample trees according to significant differences among 

the average numbers of mites per leaf and spur. The 

results of these rankings are summarized in table 7. 

Bryobia arborea was the only species that indicated a 

preference for either variety. These analyses indicated 

that B. arborea, which was the only phytophagous species 

collected abundantly, preferred Gravenstein spurs to 

Spitzenberg spurs, although there was no indication that 

they preferred Gravenstein leaves. ;ediolata mall and 

T. mcgregori also differed among the sample trees, but in 

both cases, it was within the varieties. 

Mosier Grade Orchard - Mites from the leaves and spurs 

of this orchard were primarily B. arborea and T. zempoalen- 

sis. Panonychus ulmi, T. arboreus, T. rhenanus, T. 

mcgregori, Balaustium sp., Bdellodes longirostris (Hermann), 

and Spinibdella cronini (Baker and Balock) were collected 

only occasionally. Only P. ulmi was restricted to the 

leaves and none were limited to the spurs. Typhlodromus 

arboreus and B. arborea were most frequently collected 

from spurs, but neither were restricted to them. 



Table 7. Average number of mites per leaf and spur among 
the plots in Mt. Hood orchard. Summer, 1958$. 

Species 

64 

Varieties 
Gravenstein Spitzenberg 

Plot Number 
2 4 3 1 5 

Mites /leaf 

,. mall .44 .09 .11 .01 .24 
mcgrepri .26 .28 .47 .28 .35 

B. arborea .02 .02 .00 .01 .09 

Mites/spur 

M. mall .07 .05 .00 .05 .00 
T. mcgregori .06 .00 .01 .01 .00 

arborea* 3.53 2.13 .42 .26 .22 

aDuncan's (33) multiple range test was applied to these means 
to determine if mites showed variety preferences. 

*Significant difference between varieties at the 5% level, 
indicated by underlining means which had no difference 
between them. 

. 

B. 

} 



Typhlodromus rhenanus and T. rce:reMori were most abundant 

on spurs during the spring months, but soon increased on 

the leaves. Figure 3 presents the seasonal distribution 

of t . arborea, T. zemooalensis, and Typhlodromus 

and table 8 presents the average numbers of mites per 

leaf and spur. The three species of Typhlodromus were 
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pooled into one category (Typhlodromus spp.) because of 

their small numbers and common habitats. 

Significance is apparent for several of the components 

not indicated in table 9 but, only those containing species 

interactions contribute to an understanding of mite ecology. 

Table 9 indicates that (1) species were not equally abun- 

dant (3), (2) species were not equally abundant on leaves 

and spurs (S X h), (3) species did not have the same season- 

al distribution (M X 3), (4) species did not have the same 

seasonal distribution on leaves and spurs (M X H X "), and 

(5) species were not equally abundant among the sample 

trees (A X . Most of these interactions were expected 

and may be partially explained with the aid of figure 3. 

The only main effect of interest is that of the species, 

since the others pooled all species into each total. The 

'2±122 treatments had no significant differential effect on 

the mite populations (S X T). 

The lack of importance that can be placed on unequal 

spp., 

' 



Figure '7 Seasonal distribution of mites abundantly collected 
from Mosier Grade orchard. A - comparison of the 
untreated plots; 3, 0, and D - comparison of the 
treated (TEPP) with the untreated plots. Density , 

is expressed as the sum of the transformed (x .5) 
values of mites per leaf or spur. 
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Table 8. Average number of mites per leaf and spur from 
untreated sample trees in Mosier Grade orchard. 
Summer, 1958. 

Date Habitat 

Bpeciesa 

Bry. 
arb. 

Pan. 
ulm 

Typ. 
spp, 

Bal. 
s. 

Tyd. 
zem 

Apr. 30 leaves .04 .00 .16 .00 .01 
spurs 33.10 .00 .00 .00 .31 

14 leaves .08 .00 .02 .10 .02 
spurs 6.10 .00 .10 .43 1.10 

June 3 leaves .06 .00 .04 .00 .03 
spurs 1.30 .00 .00 .01 .61 

June 20 leaves .14 .00 .05 .01 .09 
spurs 2.10 .00 .00 .01 .20 

July 9 leaves .40 .00 .24 .00 .32 
spurs 1.40 .00 .00 .00 .10 

July 24 leaves .40 .00 .24 .00 .48 
spurs 1.20 .00 .10 .00 .20 

Aug. 7 leaves .56 .00 .12 .00 .36 
spurs 2.10 .00 .00 .00 .08 

Aug. 22 leaves .28 .00 .08 .00 .72 
spurs 4.10 .00 .00 .00 .30 

Sep. 11 leaves .20 .00 .08 .00 .84 
spurs 2.60 .00 .00 .00 .10 

aBry. arb. - Bryobia arborea, Pan. ulm. - Panonychus ulmi, Typ. spp. - Typhlodromus rhenanus, mcpreMori, and arboreus, Bal. sp. - Balaustium sp., Tyd. zem. - Tydeus zempoalensis, 

--, 
: - - 

_ _ T _ 

May 
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Table 9. Summary of the analysis of variance for mites 
collected from the Mosier Grade orchard. 

Source of Variation d.f. m.s. 

- species 
T - treatment 

S X T 
H - habitat 

4 
1 

ú 

14.9403** 
.1282 
.0638 

10.6674 
H X S 4 11.1775** 
H X T 1 .1022 
H X S X T 4 .0031 

M - time 8 1.7154 
M X S 32 1.4798** 
M X T 8 .0775 
M X S X T 32 .0618 
M X H 8 2.1900 MXHXS 32 1.5864* 
M X H X T 8 
M X H X S X T 32 .0517 

A - sample trees 4 .4464 
A X S 16 .4900** 
A X T 4 .6368 
A X S X T 16 .4290 
A X H 4 .4337 
A X H X S 16 .2450 
A X H X T 4 .2004 AXHXSXT 16 .3111 
A :X M 32 .0887 
A X M X S 128 .0989 
A X M L l' 32 .0621 AXMX:ìXT 128 .0687 AXMXH 32 .0828 AXMXHXS 128 .0823 AXMXHXT 32 .0856 AXMX iXSXT 128 .1709 

* *Significant at the 1% level. 
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numbers has been discussed for t. Hood orchard. The 

same reasoning is appropriately applied to the mites 

collected from Mosier Grade orchard. 

As was the case in the Mt. Hood orchard, possibly the 

most significant observation to be made from table 9 is 

that species did not have the same seasonal distributions 

on leaves and spurs. If figure 3 and table 8 were examined, 

it would seem that B. arborea distribution differs from 

that of Typhlodromus spp. and T. zempoalensis. Also, 

the distribution of B. arborea seers somewhat quadratic 

on spurs, whereas there is no such indication of this 

curvature response, to time, on leaves. These observations 

were not unexpected nor were they particularly impressive 

when considered alone, but the reasons underlying the 

differences, which resulted in the interactions, is of con- 

siderable biological significance. These interactions 

have been examined in somewhat greater detail. 

Table: 1:) and 11 present the species contrasts that 

were considered to be important to an appreciation of the 

interrelationships of species and /or groups of species. 

The contrast of T. zempoalensis vs. Typhlodromus 

spp. was the only observation that indicated an unaltered 

linear response to time, and only then when the habitats 

were considered (Table 11). The reasons for this inter- 

action are not clearly evident, since the average numbers 

69 
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Table 10. Subdivision of the species sums of squares for 
the Mosier Grade orchard. 

Source of Variation 
and Contrasts d.f. m.s. 

S - Phytophagous vs. Predacious 1 16.6713** ** 
S1 - B. arborea vs. Predacious 1 46.5671** ** 

1 33.9480** ** S2 - $. arborea vs. T,yphlodromus spp. 
S - T. zempoalensis vs. TYphioargm.ue spp. 1 2.7545* 

1 17.3624** ** S - fi. zempoalensis vs. B. arborea 
Experimental error (A X S) 

T - Linear component 
T1 - Quadratic component 
T3 - Cubic component 
3 Experimental error (A X 

16 
1 

1 

1 

32 

.4900 
2.6792** 
.2985 

2.1293** 
.0887 

S X T 1 1.4703** 
S1 X Ti 1 8.0747** 
S X T 1 4.2103** 
S1 X T3 1 4.2156** 
S2 T1 1 23.6540** 
S2 X T2 1 10.7649** 
S2 X T3 1 3.5366** 
S3 X T1 1 16.7545** 
S3 X T2 1 7.6008** 
a3 X T3 1 .0100 S X T2 1 .2956 
S4 X T3 1 .0000 
S X T 1 3.1704** 
S5 X T1 1 12.5993** 
S5 X T3 1 7.6383** 

Experimental error (A X M X S) 128 .0989 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

*Significant at the 5% level. 

*Significant at the 1% level. 
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Table 11. Subdivision of the habitat sums of squares for 
the Mosier Grade orchard. 

Source of Variation 
and Contrasts d.f. m.s. 

Si 
- Phytophagous vs. Predacious 1 12.5283** 
- B. arborea vs. Predacious 1 33.6162** 

1 26.3900** S2 - 3, arborea vs. Typhl dromus spp. 
S3 mpo - T. zea ensis vs. Typhlodromus spp. 1 1.0616 
S, zempoalensis vs. B. arborea 1 23.9011** 

16 .2450 5 Experimental error (X X H X S) 
T - Linear component 1 4.6632** 
T 

1 

Quadratic component 1 .0955 2 T2 - Cubic component 1 .8672** 
Experimental error (A X M X H) 32 .0828 
S X T 2.6536** 
S1 X Ti 1 7.6827** 
S1 X T2 1 3.6982** 
S1 X T3 1 7.3497** 
S2 X 1 21.8479** 
S2 12 1 9.8233** 
S2 T3 X 1 5.5037** 
S3 X T1 1 15.2865** 
S3 X T2 1 7.5125** 

X 
S X T2 

1 

1 

1.1864** 
.0371 

S4xT3 1 .0247 
SEXT 1 .8085** 
S X X 1 13.8146** S X T3 1 8.3985** 

Experimental error (A X M X H X S) 128 .0823 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

* *Significant at the 1` level. 
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of the two species were not different on the two habitats 

and only barely significant (P < .05) when the habitats 

were pooled together. From figure 3 and table 8, it 

appears that the average numbers of Typhlodromus spp. re- 

mains rather constant on leaves throughout the season, 

whereas T. zempoalensis increases. It is likely that this 

small difference is what resulted in the interaction. 

It could not be concluded that Typhlodromus spp. was 

instrumental in reducing numbers of T. zempoalensis on the 

spurs because the predators were too infrequently collected 

from spurs. It is also unlikely that T. zempoalensis was 

retarded in population development on leaves by predation 

from Typhlodromus spp. because of the static population 

level of the predators. The possibility is present however 

and must not be discounted entirely. 

All other contrasts showed significant linear inter- 

actions, but they were always altered by both quadratic 

and cubic response curve components. This means that none 

of these contrasts had a distinct curvature response that 

could be identified, even though the average numbers 

between the contrasts did differ significantly. l3alaustium 

sp. and P. ulmi probably contributed very little to the 

effects of predacious vs. phytophagous contrasts because 

they were collected in such small numbers. Treatment of 



73 

trees in this orchard with TEPP failed to cause a 

differential response among the species (Table 9). This 

lack of response probable resulted for the same reasons 

that were proposed for the :t. Hood orchard. 

In the absence of additional evidence and since TEPP 

treatments failed to impart differential effects on the 

species, one is tempted to form conclusions similar to 

those made for the Mt. Hood orchard. The principal con- 

clusion, however, is that no predacious species could be 

demonstrated to be a distinct controlling agent of a 

pestiferous species. 

Duncan's (33) multiple range test was used to rank 

the sample trees according to significant differences 

among average numbers of mites per leaf and spur. The 

results of these rankings are summarized in table 12. 

Typhlodromus spp. and T. zempoalensis both indicated a 

preference for Winter Banana leaves to Newtown leaves. 

These preferences were not evident on the spurs. Bryobia 

arborea also varied significantly among the sample trees, 

but it was within a single variety (Newtown). One must 

hold strong reservations about conclusions made on these 

data however, because of the small number, one, of tinter 

Banana trees available for sampling. This allows for 

no variance within the variety, and little room for 
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Table 12. Average number of mites per leaf and spur among 
the various plots in Mosier Grade orchard. 
mummer, 19582. 

Newtown 
Varieties 

Winter Banana 

1 3 

Plot Number 
4 5 

Mites/leaf 

B. arborea .41 .42 .14 .12 .09 
I. yemnoalensis* .21 .48 ,02 ,04 
iynhl4dromus .04 .03 .03 .07 

rites /spur 

. arborea 16.00 5.66 1.83 3.72 2.67 
T. zempoalens3.s .46 .60 .01 .02 
7yphlodromus spp. .05 .05 .00 .00 .00 

aDuncan's (33) multiple range test was applied to these 
means to determine if mites showed variety preferences. 

;Significant difference between varieties at the 5% level, 
indicated by underlining means which had no difference 
between them. 
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inferences about population preferences. Also, T. 

zempoalensis had significant differences within the New- 

town variety, 

Sparks Pear Orchard - 'ites from the leaves and spurs 

in this orchard were principally B. arborea, T. californi- 

cus, and T. rhenanus. Balaustium sp., P. ulmi, T. anchia- 

lus, Oribatula SD., and lfycobates tridactylus were collect- 

ed in small numbers only. None of the species were restrict- 

ed to leaves, but Oribatula sp. and M. tridactylus were 

collected only from spurs. Tydeus californicus was collect- 

ed most frequently from spurs in the spring, but later it 

was more abundant on the leaves. Seasonal distributions 

of T. californicus, T. rhenanus, and B. arborea are present- 

ed in figure 4. The average number of mites per leaf and 

spur is presented in table 13. 

Significance is apparent for many of the components 

not indicated in table 14 but only those containing species 

interactions contribute to an understanding of mite ecology. 

Table 14 indicates that (1) species were not equally abun- 

dant (Ís), (2) species were not equally abundant on leaves 

and spurs (P < .05) (H X s), (3) species did not have the 

same seasonal distribution (M X S), (4) species did not 

have the same seasonal distribution on leaves and spurs 

(M X H X S), and (5) species were not equally abundant 



Figure 4. Seasonal distribution of mites abundantly collect- 
ed from Sparks pear orchard. A - comparison of 
the untreated plots; B, C, and D comparison of 
the treated (TEPP) with the untreated plots. 
Density is expressed as the sum of the transformed 
(x + .5)2 values of mites per leaf or spur. 
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Table 13. Average number of mites per leaf and spur from 
untreated trees in Sparks pear orchard. Summer, 
1958. 

Date 

_. N.. 

Habitat 

Species 

Bry. 
arb. 

Pan. 
ulm. 

Typ. 
rhe. 

Bal. 
sp. 

Tyd. 
cal. 

Apr. 29 leaves .01 .00 .00 .00 .00 
spurs 1.60 .00 .11 .00 3.70 

May 13 leaves .02 .00 .00 .16 .00 

spurs .34 .00 .11 .64 2.30 

May 30 leaves .04 .00 .06 .03 .10 

spurs 1.90 .00 .20 .90 4.20 

June 18 leaves .02 .00 .13 .00 .13 
spurs .50 .00 .10 .00 2.30 

July 2 leaves .01 .00 .16 .00 .15 
spurs .70 .00 .10 .03 3.20 

July 23 leaves .04 .04 .31 .00 1.38 
spurs .35 .00 .60 .00 2.65 

Aug. 6 leaves .00 .03 .72 .00 .26 
spurs .35 .06 .40 .00 2.00 

Aug. 21 leaves .00 .04 .72 .00 .32 
spurs .10 .00 .00 .00 .80 

Sep. 10 leaves .00 .00 .12 .00 .12 

spurs .10 .10 .10 .00 1.30 

aBry. arb. - Bryobia arborea, Pan. ulm. - Panonyehus ulmi, 
Typ. rhe. - phlodromus rhenanus, Bal. sp. - Balaust um 
sp., Tyd. cal. - Tydeus californicus. 

' 

_ 

' 

' 
, 
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Table 14. Summary of the analysis of variance for mites 
collected from the Sparks pear orchard. 

Source of Variation d.f. M.S. 

S - species 4 5.0684 ** 
T - treatment 1 .0957 

S X T 4 .0583 
habitat 1 6.2935 
H X S 4 1.9031* 
H X T 1 .3371 
H X S X T 4 .5175 

M - time 8 .2950 
M X S 32 .2466** 
M X T 8 .0896 
MXSXT 32 .0479 
M X H 8 .7366 
MXHXS 32 .2120** 
MXHXT 8 .1025 
M X H S X T 32 .0379 

A - sample trees 4 .2685 
A X S 16 .3035** 
A X T 4 .6542 
A X S X T 16 .9570 
A _£ Ií 4 .4430 
A X H X S 16 .4123 
A X H X T 4 .1282 
A X H X S X T 16 .4688 
AXM 32 .0634 
AXMXS 128 .0443 
AXMXT 32 .0675 
A X M X S X T 128 .0654 
A X MX Ii 32 .0333 
AXMXHXS 128 .0226 
AXMXHXT 32 .0510 
AXMXHXSXT 128 .0601 

Significant , at the 5% level. 

Significant at the 1% level. 
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among the sample trees (A X S). Most of the interactions 

were expected and may be partially explained with the aid 

of figure 4. The only main effect of interest is that of 

the species, since the others pooled all species into each 

total. The TEPP treatments had no significant differential 

effect on the mite populations. 

As in the case of the preceeding orchards, the fact 

that different species were unequal in numbers is unim- 

portant, unless it would tend to indicate a preference for 

either of the habitats. Possibly the most important 

observation to be made from table 14 is that species did 

not have the same seasonal distributions on leaves and 

spurs. It is apparent from figure 4 and table 13 that 

T. californicus and B. arborea had different seasonal dis- 

tributions on leaves and spurs. Also, it would seem that 

even though T. californicus may have a seasonal distribution 

similar to B. arborea on spurs (Figure 4), there is a lack 

of similarity on the leaves. This probably resulted from 

the fact that T. californicus tends to leave the spurs and 

move onto the leaves en masse during May, while B. arborea 

continually returns, in part, to the spurs for quiescence. 

Tables 15 and 16 present the species contrasts that 

were considered to be important to an appreciation of the 

interrelationships between species and /or groups of species. 

. 

' 



Table 15. Subdivision of the species sums of squares for 
the Sparks pear orchard. 

41111=111111011111.1Y 

Source of Variation 
and Contrasts 

Si - Phytophagous vs. Predacious 
S2 - B. arborea vs. Predacious 
S3 - B. arborea vs. T. rhenanus 
S4 - T. rhenanus vs. Balaustium sp. 
S5 - T. californicus vs. Predacious 
S6 - T. californicus vs. T. rhenanus 
S7 - T. californicus vs. 7alaussp. 
Sg - T. californicus vs. B. arborea 

Experimental error (A X 
T1 - Linear component 
T2 - Quadratic component 
T3 - Cubic component 

Experimental error (A X M) 
Si T1 

sj X T2 
Si X T3 
S2 X T1 

82 X T2 
S2 X T3 
S3 X T1 

s3 X T2 
S3 X T3 
S4 X T1 

S4 X T2 
S4 X T3 
S5 X Ti 

S5 X T2 
S5 X T3 
S6 X T1 

S6 X T2 
S6 X T3 
S7 X Ti 
S7 X T2 
S7 X T3 
S8 X T1 

S8 X T2 
S8 X T3 

Experimental error (A X M X S) 

d.f. m.s. 

1 .0000 
1 .5436 
1 .1318 
1 .3033 
1 15.2391** 
1 9.6432** 
1 13.3441** 
1 7.5197** 

16 .3035 
1 .0648 
1 .0243 
1 .4735* 

32 
1 

.0634 

.4886** 
1 .0957 
i .0320 
1 1.5732** 
1 .2185* 
1 .1351 
1 2.4301** 
1 .1039 
1 .0169 
1 .1239 
I .0112 
I .8036** 
1 1.0226** 
I .1665 
1 .5401** 
1 1.8183** 
1 .1548 
1 .0545 
I .1624 
1 .0825 
1 1.2767** 
I .0442 
I .5225** 
1 .1319 

128 .0443 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

*Significant at the 5 level. 
* *Significant at the 1' level. 

i"_'_3 sW _ 

eo 

: 
. '; 

' 

' , . . 

. . 

' ' ' ' 

' 

. ; 

. 

, 
' 

,. 

X 
, 

; 
. 

" 

- : 

' 

' 

' 

- 

, , . i 

. 

. . . . . 

. 



81 
Table 16. Subdivision of the habitat sums of squares for 

the Sparks pear orchard. 

Source of Variation 
and Contrasts& 

Si - $hytopha.gous vs. Predacious 
S2 - B. arborea vs. Predacious 
53 - B. arborea vs. T. rh nanus 
S4 .. T. rhenanus vs. Balaust um sp. 
35 - . palifornicuo vs. Predacious 
S6 - T. californicus vs. T. rhenanus 1 4.6694** 
S7 - T. californicus vs. Fa..laus t 17 sp. 1 3.5700** 
S3 - 1 cwli= orr i cuo vs. B. u.rbo: ré 1 .8536 

Experimental error (A X A X S 16 .4123 
T1 - Linear component 1 9.4684** 
T2 - Quadratic component 1 .3112** 
T3 - Cubic component 1 .0000 

Experimental error (A X M X H) 32 .0333 
S1 X T1 1 .1042* 
Sl X T2 1 .0539 
SI X T3 1 .2043** 
82 X T1 1 .6591** 
82XT2 1 .2198** 
82 X T3 1 .3080** 
S3 X T1 1 .508** 
83 X T2 1 .11 r* 
S3 X T3 1 .0847 
84 X T1 1 1.5949** 
S4 X T2 1 .0188 

S4 X Ti 

X 

5 

d.f. ms 

1 .3393 
1 1.6123 
1 1.5302 
1 .0709 
1 5.4599** 

# .1439* 
1 3.1479** 

S5 X T2 1 .2633** 
S5 X T3 1 .0104 
S6 X Ti 1 2.4141** 
S6 X T2 1 .1291* 
S& X T3 1 .0213 
S7 X T1 1 2.3032** 
S7 X T2 1 .2467** 
87 X T3 1 .0544 

S8 X 
T1 1 .6946** 

S8 X T2 1 .0008 
S8 X T3 1 .2010** 
Experimental error (A X M X Ii X S) 128 .0226 

aThe contrasts were selected because of their biological 
interest so the components are not completely orthogonal. 

*Significant at the 5- level. 
* *Significant at the 1% level. 
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Although the average numbers of phytophagous vs. 

predacious mites did not differ significantly (Tables 15 

and 16), there was an interaction with the linear component 

of the response curve. When habitats were considered 

(Table 16), it was apparent that the interaction was not 

entirely linear (P < .05), because there is also a signifi- 

cant cubic interaction. This may be interpreted to mean 

that seasonal distribution of phytophagous vs. predacious 

mites on leaves and spurs tends toward linearity, although 

considerable fluctuation is present. 

When the most abundant phytophagous species (B. 

arborea) is contrasted with the predators, the interaction 

with the linear component of the response curve was still 

significant, but there was also a significant interaction 

(P < .05) with the quadratic component (Table 15). When 

the habitats were considered, there was interaction with 

all three components of the response curve (Table 16). 

This response probably resulted from the ephemeral nature 

of Balaustium sp. which appeared only for a short time, 

and then it wasn't as abundant on leaves as it was on spurs. 

When the two most abundant species were contrasted 

(B, arborea vs. T. rhenanus), there was again a significant 

interaction with the linear component of the response curve 

(Table 15). This was also true when the habitats were 

. 
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considered, even though some distortion from the linear 

response was evident from the interaction with the quadratic 

component (F < .05). 

Since Balaustium sp. has such a wide range of food 

and was observed feeding on T. rhenanus, these two species 

were contrasted to determine their interrelationships. 

There was a significant interaction with the cubic com- 

ponent (Table 15), indicating considerable variation in 

the averages of these two species. When the habitat was 

considered, there was a significant interaction with the 

linear response curve, but here again this was altered by 

the presence of a significant interaction with the cubic 

curve (P < .05). The influence of the cubic component on 

these interactions probably resulted from the ephemeral 

nature of Balaustium sp., while the linear response must 

have resulted from the seasonal increase of T. rhenanus on 

leaves. It is possible that Balaustium sp. retarded popu- 

lation development of T. rhenanus during the spring months, 

but its doubtful that it was significant. The lack of con- 

fidence in this possibility results from the fact that 

Balaustium sp. was most abundant on spurs at a time when 

T. rhenanus was rather sparse on the spurs or leaves. 

Tydeus californicus was analyzed separately because 

its ecological niche is unknown. The only contrast to show 
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a distinct response was with T. rhenanus. In this case, a 

significant response was evident with the linear component, 

although the curve was distorted somewhat by a significant 

interaction (P < .05) with the quadratic component when 

the habitats were considered (Table 16). This latter inter- 

action probably resulted from reduced numbers of T. califor- 

nicus on leaves during the early and later parts of the 

sampling season. 

From the foregoing analyses, it is apparent that no 

clear case of predator -prey relationship was established, 

although interactions, when T. rhenanus was contrasted with 

P. arborea and T. californicus, would cause one to think 

that this predator may be important in influencing the 

population development of the latter two species. But, in 

neither case was the interaction clearly linear since they 

were both distorted by quadratic components of the response 

curve. 

According to Duncan's (33) multiple range test, there 

was significant difference among the average numbers of 

mites per leaf and spur on the sample trees. Since only 

Anjou variety was used, these differences were considered 

of little biological interest and are not summarized in 

tabular form as were the other two orchards. 

Commercial Orchard - Only P. ulmi was collected abundant- 

- 
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ly in this orchard. One T. zempoalencis was collected late 

in the season and an occasional Pent£ erismus erthreus 

(Ewing) was collected, the latter was probably blown in 

from nearby conifers (82). There was an increase in numbers 

on both spurs and leaves through August, after which the 

population decreased rapidly. Only a few were present on 

the spurs in September and none were observed on the leaves. 

Semi -commercial orchards were sampled occasionally, 

and supported essentially P. ulmi, T. telarius, T. carpini, 

B. arborea, and an occasional T. rhenanus. Apparently the 

chemicals applied in these orchards were sufficient to 

discourage most predator species. 

Orchard Comparisons - It is interesting to contrast 

the various orchards as the season progressed. Table 17 

illustrates the role each orchard played in making up the 

total (1001 collected during each month. Only B. arborea 

was common in all three abandoned orchards. Generally, 

the functional species complex was quite similar in each 

orchard, even though the species did vary somewhat. In 

other words, the various ecological niches were occupied in 

each orchard, though not necessarily by the same species 

in every case. Apparently several species can occupy the 

same or at least similar ecological niches. 

Equally as important, to the different species complexes 

----- 



Table 17. Percentage of specimens collected from each sample orchard, this does 
not indicate seasonal distribution (Figures 3 - 4)._ Summer, 1958a 

Species 

B. arborea 

k. ulmi 

M. mall 

T. zempoalensis 

T. californicus 

T. rhenanus 

T. mcgregori 

Typhlodromus spp, 

mcgregori 

arboreus 

rhenanus 

Orchard 

;parks Pear Commercial 

May Jun Jul Aug Sep May Jun Jul Aug Sep 

05 33 24 07 03 

09 00.5 01 05 91 91 99 99 95 09 

04 

100 100 100 100 100 

100 100 100 100 100 

flalaustium sp. 50 93 89 
ON 

4 



Table 17 (continued) 

Orchard 

1.er Grade 'It. Hood 

arborea 

P. ulmi 

m. mall 

T. zempoalensis 100 100 100 100 96 

T. californiens 

T. rhenanus 

T. mcgregori 

Typhiodromus spp. 

mcrep-ori 

arboreus 

rhenanus 

Palaustium sp. 

May Jun 

77 54 

Jul Aug Sep May Jun Jul Aug Sep 

71 88 65 

100 100 

39 03 

100 

11 

100 100 

18 13 05 05 32 

00.5 

100 100 100 100 100 

100 100 100 100 100 

03 04 

table is presented solely for the purpose of illustrating how variable the 
species are among different orchards and infers only relative abundance - and no 
seasonal distributions. 

B. 
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in the different orchards, is hoar the species that were 

common to all orchards responded to seasonal changes. Since 

B. arborea was the only species which was abundant in all 

three abandoned orchards it will be considered first. The 

brown mite had similar seasonal distributions on the spurs 

in the Mt. Hood and Mosier Grade orchards, and in neither 

case was there any indication of control by any predacious 

species, or the entire complex of predacious species. On 

the other hand, there was some indication that T. rhenanus 

had some influence on the population development of the 

brown mite in Sparks pear orchard. This was the only orchard 

in which T. rhenanus was particularly abundant; it was, in 

fact, apparently absent from the Mt. Hood orchard. 

Tydeus californicus also seemed to be influenced some 

by T. rhenanus in the Sparks pear orchard. This was the 

only orchard studied where these two species could be con- 

trasted. Tydeus zempoalensis was contrasted with mtlphlo- 

dromus spp. (of which rhenanus was a part) in the Mosier 

Grade orchard and no interaction was observed for certainty 

that would indicate causitive action on the part of the 

predators. 

Panonychus u and Balaustiurn sp. were collected only 

in small numbers in all three abandoned orchards. With the 

possible exception of Sparks pear orchard, there was no 



indication that they added substantially to the total 

phytophagous or predacious species interactions. Mediolata 

mali apparently did not influence population development 

of phytophagous mites. 

Mite Distribution on Leaves 

A stylized leaf surface was arbitrarily divided into 

areas of infestation to evaluate the relative distribution 

of mites on the leaves. Table 18 summarizes mite distribu- 

tion on both the dorsal and ventral surfaces of apple 

leaves. The stylized leaves are presented schematically 

in composite illustrations in figure 5. Only P. ulmi and 

13alaustium sp. were found on the ventral surface of the 

leaves in large numbers, 335 and 3a:, respectively. At 

least 98'`' of all other species considered were found on the 

dorsal surfaces. These distributions were observed on 

several apple varieties. Factors such as pubescence, size, 

and age of the leaves seemed to have little influence on 

distribution. Similar patterns were observed for some of 

the species on plum (T. rhenanus, M. tali, T. californicus, 

and P. ulmi), cherry (P. ulmi, T. telarius, and P. arbörea), 

and Orataerus leaves (T. zempoalensis, T. californicus, 

and P. ulmi) . 

89 



Figure 5 - Distribution of the mites on stylized leaves, 
composite diagrams; O= Dorsal surface, X= Ventral 
surface. 
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Table 18. Percentages of adult mites occupying three 
areas on the surface of apple leaves; Apex - 
distal one -half of the blade, Base - proximal 
one -half of the blade, Mid -onalf inch on 
each side of the mid -rib along the blade's 
entire length. 

Species 

Ventral Surface Dorsal Surface 

Mid Apex Base Total Mid Apex Base Total 

P. ulmi 24 15 18 33 44 33 34 67 

T. telarius -- -- -- 00 65 45 55 100 

E. carpini -- -- -- 00 85 37 63 100 

B. arborea 02 -- 02 02 51 39 59 98 

Y. mali -- -- -- 00 82 46 54 100 

T. zempoalensis 01 -- 01 02 64 43 56 98 

Ds.Iaustiur.l sp. 26 14 21 35 48 30 35 65 

T. mcuegori -- -- -- 00 94 41 59 100 

T. rhenanus -- -- -- 00 99 41 59 100 

, 
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Mite Distribution between Mature and Immature Leaves 

In some cases (Tables 19 and 20) it is apparent that 

certain species have preferences for mature or immature 

leaves. Tydeus ze!lpoa1ensis prefers mature leaves while 

T. californicus seems not to share this preference. Another 

difference of preferences was seen in T. mcgregori and T. 

rhea, which seemed to prefer immature and mature 

leaves, respectively. 

The preferences must be considered with some reserva- 

tion, because it may still be another influencing factor 

that caused the apparent preferences. For instance, 

dissemination lag could cause a species to appear to prefer 

nature leaves, this might well be the case with P. ulmi 

and B. arborea. Also prey selectivity could distort dis- 

tribution of predators that actually have no preference 

for ages of leaves at all. Possibly the only species which 

could actually be interpreted in terms of preferences are 

phytophagous and even in these cases there is reason to 

think they might not be true observations. The most 

realistic approach to this is probably one of distribution 

without trying to interpret it in terms of preferences. 

In this case, there are obviously differences in distribu- 

tion of the species between mature and immature leaves 

(Tables 19 and 20). 



Table 19. Average number of adult mites per 50 leaf 
samples of mature and immature leaves. 
June, 1959. 

Species 

Fir Mt. Mt. Hood Sparks pear Commercial 

Mat. Imm. Mat. Imm. Mat. Imm. Mat. Imm. 

P. ulmi 26 8 0 0 12 5 7 6 

B. arborea 22 2 3 4 0 0 0 0 

T. zempoalensis 364 74 0 0 0 0 0 0 

T. californicus 0 0 0 0 18 24 0 0 

M. mali 0 0 5 2 0 0 0 0 

T. mcgregori 4 5 10 22 0 0 0 0 

T. rhenanus 0 0 0 0 30 18 0 0 

93 
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Table 20. Average number of immature mites and eggs per 
50 leaf sample of mature and immature leaves. 
June, 1959. 

Species 

Fir Mt. Mt. Hood Sparks pear Commercial 

Mat. Imm. Mat. Imm. Mat. Imm. Mat. Imm. 

Immature mites 

P. ulmi 22 0 0 0 852 146 16 6 

B. arborea 324 48 88 49 4 2 0 0 

T. zempoalensis 226 58 0 0 0 0 0 0 _ 

T. californicus 0 0 0 0 8 30 0 0 

Eggs 

P. ulmi 89 32 0 0 13 20 116 32 

P. arborea 109 18 27 24 0 0 0 0 

- 

. . 
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Mite Distribution within Trees 

Mite distribution within the trees was investigated 

by determining the percentage of leaves infested with mites 

in the sampling sites already described. After these per- 

centages had been determined, they were transformed by 

the angle method (angle = arc sin(percentage) discussed 

by Snedecor (90, p. 447 -450) and analyzed with the analy- 

sis of variance. Subsequent to these analyses, least 

significant differences (LSD) were determined for the mean 

transformed percentages at the 5% and 1 significance 

levels. The LSD was then used to determine where differ- 

ences actually occurred among the sampling sites. The 

results are presented in tables 21 to 23. 

It is apparent that P. ulmi was more abundant on the 

south and east sides of the trees although neither height 

nor distance from the trunk seemed to alter their distri- 

bution. Bryobia arborea showed no directional differences, 

but it was most abundant on the periphery of the trees. 

Tetranychus telarius was most abundant on the south and 

east sides of the trees, as well as at the lower heights. 

Radial distances from the trunk appeared to make no 

difference in their distribution. Typhlodromus rhenanus 

and T. mcgregori had the same type of distributions. They 
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Table 21. Summary of the effects of the four compass 
directions on the distribution of mites within 
the trees, expressed as the transformed mean 
percentages of leaves with mitesa. 

Polar 
Coordinates 

Species'' 

Pan. 
ulm. 

Bry. 
arb. 

Tet. 
tel. 

Typ. 
rhe. 

Typ. 
mcg.. 

Bal. s 
North 32.86 38.55 26.93 18.00 19.32 29.52 

East 51.58 35.19 37.48 26.47 26.40 27.53 

South 48.69 36.52 42.38 32.53 32.83 23.45 

West 39.30 34.39 31.77 23.94 24.83 24.81 

LSD.o5 5.35 NSC 3.96 5.65 6.36 4.46 

LSD.01 7.49 NS 5.55 7.93 8.91 NS 

aPercentages were transformed by the angle method, angle 
arc sin(percentag er, (90). 

bean. ulm. - Panonychus ulmi, Bry: arb. - Bryobia arborea, 
Tet. tel. - Tetranychus telarius, Typ. rhe. - Typhloaromus 
rhenanus, Typ. mcg. - Typhlodromus mcgrepri, Bal. sp. - 
Balaustium sp. 

°Not significant. 

, 

. 

= 



97 

Table 22. Summary of the effects of tree height on distri- 
bution of mites within the trees, expressed as 
the transformed percentages of leaves with mitesa. 

Height 
from 
Ground 

eciesb 

Pan. 
ulm. 

Bry. 
arb. 

Tet. 
tel. 

Typ. 
rhe. 

Typ. 
mcg. 

Bal. S 
4 feet 41.56 27.00 42.94 23.43 27.82 6.27 

8 feet 45.39 32.29 37.43 25.19 26.33 40.27 

12 feet 46.01 38.77 31.11 26.27 27.42 29.30 

16 feet 41.21 38.86 23.41 24.19 24.39 11.26 

LS, 05 NS° 3.63 6.31 NS NS 11.46 

LSD.01 NS 5.10 3.85 'TS NS 16.06 

aPereentages were transformed by the angle method, angle = 
arc sin(percentage)2, (90). 

bPan. ulm. - Pánon,ychus u lmi, Bry. arb. - Bryobia arborea, 
Tet. tel. - Tetranychus telarius, Typ. rhe. - Typphiodrom.us 
rhenanus, Typ. mcg. - T,yphiodroraú.s mcgregori, Bal. sp. 
Balaustium sp. 

°Not significant. 

. 
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Table 23. Summary of the effects of the distance from the 
center of trees on mites within the trees, 
expressed as the transformed mean percentages 
of leaves with mitesa. 

Distance 
from 
Center 

3 feet 

6 feet 

9 feet 

LS:D,05 

LS-D.01 

.1.1(11.41,04*-neytall Zaeç:tecb 

Pan. Pry. Tet. Typ. Typ. Bal. 
ulm. arb. ..,...,..........». tel. rhe. mco. sp. 

43.22 34.60 33.24 25.48 26.31 28.82 

43.37 39.50 34.42 25.30 25.46 18.58 

45.32 - -c 37.05 ala IOW 

NSd 1.95 NS NS NS 7.85 

NS 3.24 NS NS NS NS 

aPercentages were transformed by the angle method, angle 
arc 7in(percentage) , (90). 

bPan. ulm. - Panonychus ulmi, Bry. arb. - Bryobia arborea, 
Tet. tel. - Tetranychus telarius, Typ. rhe. - Typ 
rhenanus, Typ. met;. - aphlodromus me ;regori, Bal. sp. - - 3aiaus tiu sp. 

°No data were available because the trees were insufficient- 
ly wide. 

dNot significant. 

_ 

-- -- 
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were most abundant on the south and east sides of the 

trees, but neither height nor distance from the trunk 

altered their distribution. Balaustium sp. was most abun- 

dant on the north side of the trees (P < .05) . This 

species was also most abundant between 8 and 12 feet from 

the ground and near the trunk (P < .05). 

These distributions strongly suggest the influence 

exposure might have on their distribution. During the 

spring (May and June) these species (except Balaustium sp. 

and possibly T. telarius) seem tc have been distributed 

where they could take maximum advantage cf the sunlight. 

If this is so, there is no reason to think their distribu- 

tion will remain static, but it will probably change as 

the season progresses. If their overwintering quarters 

were the primary factor influencing early spring uneven 

distribution, it would be expected to become uniform later 

in the season. But, if the sun is the influencing factor, 

distribution may never become uniform unless the exposure 

merely resulted in earlier emergence on the south and east 

sides. This distribution should be examined from a season- 

al point of view. 

Mites Inhabiting Soil 

Forty -seven species were collected from the four 

' 
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orchards investigated during the present study; 15 from 

the Experiment Station, 34 from Sparks pear, 27 from Fir 

Mt, road, and 36 from Mt. Hood. Only seven species were 

collected from all four orchards while 19 were collected 

from only one of the four orchards. The remaining 21 

species were collected from two or three orchards. Twenty 

species were either known or thought to be predacious and 

only three were known to be phytophagous. Two of the 20 

predacious species were also collected (T. rhenarus and 

Balaustium sp.) from the trees. Only one of the three 

phytophagous species (T. telarius) was also collected from 

trees in the Hood River Valley. A summary of the numbers 

of mites in the major taxonomic groups is presented in 

table 24. 

The numbers of individuals and the species varied 

among the orchards. Those that were collected abundantly 

are summarized in tables 25 to 28. Other species that 

were collected less abundantly are: Hypo pis spa. 
s 

Gamaseilus sp., Disamasellus sp., Asca sp., Veigia nemoren- 

sis (Koch), Typhlodromus (A.) oregonensis (Garman), 

Uropodina, Spinibdella cronini, Spinibdella tenuirostris 

(Ewing), Biscuius silvaticus (Kramer), Çyta latirostrin 

(Hermann), Neophylobius burrellis HOG., Zetailia mall 

(Ewing), Ledermuelleria segnis (Koch), Tetranychus telarius, 

. 

. 
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Table 24. Average number of mites per collection date for 
each of the major taxonomic groups of mites 
collected from the soil. 

Taxonomic 
Group 

Orchard 

Experiment 
Station 

Sparks 
pear Fir Mt. 

.t. 

Hood 

Parasitoideaa 15.1 94.3 113.6 41.5 

Uropodoidea 0.0 7.8 0.0 0.0 

Tydeoidea 2.0 19.3 168.0 57.1 

Bdelloideaa 0.0 1.9 20.4 4.7 

Raphignathoidea 0.0 1.0 0.6 3.1 

Tetranychoideab 0.1 4.4 21.6 17.9 

Anystoideaa 0.0 0.8 0.0 14.2 

rrthraeoideaa 0.0 0.3 0.0 0.6 

Acaroidea 182.8 63.9 155.4 33.7 

Oribatei 439.6 3.2 70.1 47.7 

aPredacious. 

bPlytophagous . 
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Table 25. Number of mites per cubic inch of soil and 
cover in the 7xperiment Station orchard. 
1959a. 

ground 
Summer, 

Date 

Sneciesb 

Par. 
ame. 

Imm. 
Par. 

Tyr. 
spp. 

Tee. 
sp. 

Zyg. 
sp. 

May 18 .02 .09 .01 .00 .60 

June 1 .08 .14 .00 .08 4.10 

June 18 .`03 .15 .30 .30 3.44 

July 6 .04 .04 1.62 .21 2.09 

July 16 .00 .02 .78 .00 .74 

Aug. 3 .03 .02 2.83 .01 1.77 

Aug. 17 .34 .02 2.30 .00 4.30 

Sep. 1 .04 .17 1.30 .02 5.62 

Sep. 17 .25 .73 2.32 .05 3.63 

Oct. 6 .26 l.3 1.70 .00 4.36 

aonly the most frequently collected species here included. 

bPar. ame. - Parasitus americanus, Imm. Par. - Immature 
Parasitoidea, Tyr. spp. - Tyrophagus longior and dimidiatus, 
Tec. sp. - Tectocepheus sp., Zyg. sp. - Zygoribatula sp. 

_ 

. 
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Table 26. Number of mites per cubic inch of soil and ground 
cover in Sparks pear orchard. Summer, 1959 

S eciesb 

Date Par. Par. Las. Ame. Imm. Tydeidae Tyr. 
ame. sp. ber. sp. Par. spp. 

May 18 .08 .30 .02 .01 .41 .02 .00 

June 1 .13 .20 .01 .05 .46 .12 .22 

June 18 .04 .23 .03 .06 .55 .05 .07 

July 6 .35 .13 .03 .03 1.02 .01 .00 

July 16 .01 .09 .07 .16 .24 .07 .07 

Aug. 3 .42 .16 .04 .15 .64 .07 .05 

Aug. 17 .30 .18 .16 .22 1.09 .53 1,81 

Sep. 1 .07 .09 .29 .31 .68 .31 1.06 

Sep. 17 .22 .07 .29 .24 .86 .14 1.11 

Oct. 6 .05 .07 .35 .51 .71 .22 .71 

aOnly the 

bPar. ame. 
sp., Las. 
seius sp., 

most frequently collected species were included. 

- Parasitus americanus, Par. sp. - Parasitus 
ber. - Lasioseius berlesei, Ame. sp. - Amero- 
Imm. Par. - Immature Parasitoidea, Tyr. spp. - 

Tyrcpha;us lon?ior and dimidiatus. 

_ 



Table 27. Number of mites per cubic inch of soil and ground cover in the Fir 
Mt. road orchard. Summer, 1959a. 

Date 

Speciesb 

Las. 
ber. 

Ame. 
sp, 

Typ. 
and. 

Typ. 
oka. 

Typ. 
s 

Imm. 
Par, Tydeidae 

Bis. 
sil. 

Bry. 
pra. 

Tyr. 
spp. 

Opp. 
s 

June 14 .00 .01 .00 .14 .16 .02 .01 .02 .02 .07 .00 

June 25 .20 .18 .04 .29 .49 2.06 1.00 .29 .43 4.11 .10 

July 9 .02 .24 .06 .20 .34 1.96 2.09 .71 .79 1.07 .02 

July 20 .07 .06 .06 .14 .36 1.06 .54 .14 .06 .66 .02 

Aug. 8 .10 .20 .13 .16 .49 1.98 .81 .14 .10 .07 .02 

Aug. 24 .20 .31 .14 .16 .38 1.67 2.10 .11 .01 .36 .08 

Sep. 9 .14 .16 .11 .14 .26 1.62 2.66 .01 .03 .60 .50 

Sep. 25 .26 .12 .10 .07 .29 1.37 1.46 .00 .00 2.30 1.70 

Oct. 15 .34 .05 .05 .02 .24 1.70 1.44 .03 .01 3.18 2.03 

Only the most frequently collected species were included. 

bLas. ber. - Lasioseius berlesei, Ame. sp. - Ameroseius sp., Typ. and. - Typhlo- 
dromus (A.) andersoni, Typ. oka. - Typhlodromus (A.) okanogensis, Typ. spp. - 

Typhlodromus (A.) cucurneris and singularis, Imm. Par. - Immature Parasitoidae, 
Bis. sil. - Biscirus silvaticus, Bry. pra. - Bryobia praetiosa, Tyr. spp. - 

Tyrophagus long:ior and dimidiatus, Opp. sp. - Oppia sp. 

r- 

' 

. 

ö p 



Table 28. Number of mites per cubic inch of soil and ground cover in the Mt. 
Hood orchard. Summer, 1959a. 

Date 

May 25 

June 14 

June 25 

July 9 

July 20 

S-oeciesb 

Typ. Typ. Imm. Bry. Soh. Tyr. Bel. 
oka. SDP. Par T.vdeidae nra. s An stidae spp, Galumnidae s 

Aug. 8 

Aug. 24 

Sep. 9 

Sep. 25 

Oct. 15 

.04 .12 .17 .30 .05 .00 .01 .38 

.08 .19 .34 2.56 .43 .04 .00 1.00 

.14 .41 1.26 .12 .12 .03 .03 .31 

.13 .17 .26 .05 .03 .01 .04 .00 

.03 .10 .22 .01 .01 .05 .04 .01 

.02 .10 .00 .00 .00 .07 .05 .00 

.03 .06 .00 .04 .00 .06 .18 .00 

.04 .26 .14 .57 .00 .40 .14 .07 

.02 .22 .05 .68 .00 .00 .31 .52 

.05 .36 .12 .26 .00 .02 .34 .42 

.00 .17 

.00 .00 

.02 .03 

.11 .10 

.00 .00 

.05 .00 

.02 .00 

1.03 .46 

.06 .36 

.14 .29 

Only the most frequently collected species 

b bTyp. oka. - Typhlodromus (A,) okan ogensis, 
cucumeris and singularis, Imm. Par. 

praetiosa, 'Soh. sp. Schizotetranychus 
lasaLIE and Bel. sp. - 

were included. 

Typ. spp. - Typhlodromus (A.) 
- Immature Parasitoidea, Bry. pra. 

sp., Tyr. spp. Tyrophagus 
- sp. 

_ .._ 

- : .,.::. _:_.. d- . 

- _ 

_ - - 
... . 

, 

. 

. 

- - 
- 

ö 
lP 
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Balaustium sp., Caloglyphys sp., apla sp., Belba sp., 

Scheloribates sp., Gymnodamaeus sp., Malaconthridae, 

Eporibatula sp., Hammeria sp., Conopnia sp., and Cera- 

toppia sp. 

Hurlbutt (53, p. 768 -770) pointed out that heavily 

sprayed orchards have higher densities of Tetranychidae 

as well as Leioseius minusculus Berlese. He then pointed 

out that Parasitus americanus Berlese and L. minusculus 

increased with the addition of mulch. The only species 

in the Hood River Valley which were more abundant in the 

heavily sprayed orchards (Table 25) were Tectocepheus sp., 

Zygoribatula sp., Tyrophagus longior (Gervais), and 

Tyrophagus dimidiatus (Hermann). Tyrophagus longior and 

T. dimidiatus were the only species of these four that were 

also collected abundantly from the unsprayed orchards. As 

would be expected from Huributt's work, P. americanus was 

collected in largest numbers from soils with more water 

and humus (Table 26). 

The two -spotted mite, which may also become a pest of 

the trees, was collected very rarely from the cover during 

the time this sampling was done. It was also virtually 

absent from the trees in these orchards. Balaustium sp. 

and T. rhenanus were the only predacious species collected 

frequently from the trees that were also collected from the 
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cover, and then, only in small numbers. There was a con- 

venient subgeneric division of Typhlodromus into tree 

inhabitors and cover inhabitors. Typhlodromus (Tvnhlodro- 

mus) spp. were collected almost entirely from trees in the 

Hood River Valley and T. (Amblyseius) spp. almost entirely 

from the under- cover. Apparently there is a restrictive 

barrier between the habitats of these two subgenera. 

There was no apparent relationship between species 

that were collected from the soil, but no statistical 

analysis was made because the sampling method seemed to 

be inadequate for reliable quantitative sampling. It is 

very likely that the Tullgren funnels used to extract the 

mites from the soil and cover resulted in the apparent 

inadequacy of sampling. Future studies of this type should 

consider the advisability of more samples of smaller size, 

which could be controlled more efficiently inside the 

extraction funnels. Some experimental work is also needed 

to determine the differential extraction of different 

species and stages of development. This would likely result 

in further modification of the funnels themselves. 



Table 29. List of mite species occurring in the Hood River Valley orchards and 
their related wild hosts, with an indication of their habitat distri- 
bution. 

species 

Host Habitat 

Apple Pear dou lasii 
C. C. A. spurs 

columbiaua florida leaves bark soil 

Ameroseius sp, 
Anystidae X 
Asca sp. 
Balaustium sp. X X 
Bdella lonf;icornis 
Bdellodes 

longiro stri s X 

Belba sp. 
Biscirus 

silvaticus 
Br ob a arborea X 
rvo a raetiosa, 
Calo;lypus sp. 
Camisia bicarinata 
Cer7p5pia sp. 
Conoppia sp. 
C.ymbaeromaeus sp. 
C,yyta latorostris 
D amasellús.sp. 
Eotetranychus 

carpini 
Eotetranychus 

wi llame tt ei 
Eporibatula sp. 
Ereynetes sp. 
Galumnidae 
Gamasellus sp. 
Gymnodamaeus sp. 
Hammeria sp. 

X X 

X 
X X 

X 
X X X X 

X 

X X 
X 

X X 

X 
X X 

X 
X X 

X 

X X 

X X X X 
X 
X 
X 
X 

X 
°rn 

X 

.. .-. 

. 

.T - - - - - 

_ 

X 

X 

X 

... 

X 

X 



Table 29 (continued) 

Species Apple Pear dou lasci 
spurs 

columbiana florida leaves bark soil 

Nypoaspis sp. 
Lasoseius 
erlesei 

Malaconothridae 
Mediolata mall X 
Mycobates 

tridactylus X 
Neophylobius sp. X 
Oppia sp. 
Oribatula sp. X 
Panonychus ulmi X X X 
$arasitus americanus 
Parasitus sp. 
Pentamerismus 

erthreus X 
Scheloribates sp. 
Schizotetranychus sp. 
Spinibdella 

cronini X 
Spinibdella 

tenuirostris 
Tarsonemidae X 
Tectocepheus sp. 
Tetranychus 

telarius X X 
Tydeus 

californicus X X 
Tydeus 

zempoalensis X X 
Tydeus spp. 
Typhlodromus 

anchialus X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X X 
X 
X 

X X X 

X 
X X 

X 

X X X 

X X X 

X X 
X 

- - _ --- - - - - - - - 
A. 

. 

X 

X 
X 

X 
X 

X 
X 

' 

' 

- 

C. C. 

ö 
,o 



Table 29 (continued) 

Species 

21212191E211111.2 
andersoni 

T o romus ...._. 

G. C. 

le Pear douolasii columbiana florida 
spurs 

leaves bark 

arboreus X 
Typhlodromus 

crataegi 
Typhlodromus 

cucumeris 
Typhlodromus 

marinus 
T.yohlo drornus 

mcgregori X 
Typhlodromus 

okanogensi s 
Typhlodromus 

oreonensis 
Typhlodromus 

ni X yr 
Typhlodromus 

rhenanus X X X X X X X 

Typhlodromus 
rosellus ^ 

T ypl.odron?u 7 
s nquiari s X 

,Tyro phwgzus 
dimidiatus X , 

Tyrophagus 
longior X 

Uropodina X 
V ei z 

nemorensis X - 
Zygorfbatula sp. X X X X 8 

X 

X 

X X 

X 

X X 

X 

soil 

X 

X 

X 

X 

X 

A. 
_ 

_ 

- 
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DISCUSSION 

The discussion is directed toward the satisfaction of 

the objectives listed in the introduction. The information 

available from the literature along with the data from the 

present study are integrated in an attempt to evaluate 

mite ecology in the Hood River Valley more fully. These 

interpretations are vital to any possible concept of 

biotic pest control that might be conceived and perhaps 

attempted, particularly when integrated into the chemical 

program. 

°-'sites on Wild Hosts 

Objectives 1, "to determine the mite species present 

on the wild hosts (Crataegus douglasii Lindl., Crataegus 

columbiana Howell, and Amelanchier florida Lindl.) closely 

related to pome fruit varieties produced in orchards" and 

2, "to investigate the interrelationships between mite 

populations on wild hosts and in the orchards ", are dis- 

cussed jointly under this heading. 

The species which were collected from wild hosts are 

presented in table 29. Twelve species were collected from 

C. douglasii, nine from C. columbiana, and five from A. 

florida. None of the species listed in table 29 were pres- 

ent on all three wild hosts, although seven were collected 
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that were also found in abandoned or commercial orchards. 

These are discussed with respect to their interrelationships 

with the mite populations in orchards. Also, evidence of 

host preferences are discussed briefly. 

Panonychus ulmi - Amelanchier has to my knowledge 

never been suggested as a source of infestation of the 

European red mite. Amelanchier florida plots 3, 4, and 

5 were situated near orchards infested with P. ulmi, but 

none were collected during this study. This host may be 

quite unsuitable for the European red mite. 

The European red mite was found in all four plots 

studied but was especially abundant in plots of C. douglasii 

near infested orchards. It is interesting to note from 

figure 1 that this species was usually most abundant late 

in the growing season, when population peaks were reached 

in the orchards. This correlation was particularly evident 

in plot 1. Only two specimens were collected from the 

isolated plot 4. The European red mite was common on the 

two C. columbiana plots (2 and 3) that were adjacent to 

infested orchards, but only one specimen was collected from 

the isolated plot 1. Since all developmental stages were 

collected from C. douglasii and C. columbiana, it is assumed 

that they reproduce on them. 

From the observations of this study, it appeared that 

' 
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the three wild hosts were not likely sources of infestation 

of the European red mite. On the contrary, their presence 

on plots of Crataegus adjacent to infested orchards led to 

the conclusion that the orchards were responsible for the 

meager populations on the wild hosts. At no time were 

infestations observed to turn leaves brown as reported by 

TTellhous e (103, p. 1090). 

Bryobia arborea - The brown mite was collected from 

all of the C. douglasii plots, but was abundant in plot 3 

only. Since this plot was situated adjacent to a semi - 

commercial pear orchard which had a high population of 

brown mites, it was concluded that the orchard was the 

primary source of mites rather than the wild host. Only 

once was the brown mite collected from C. columbiana, but 

none of the plots were near infested orchards. This species 

was completely absent in the samples taken from A. florida. 

The brown mite was reported to feed only on orchard 

trees in British Columbia (1, p. 30). . In the Flood River 

Valley, they feed on Crataegus as well as the trees. 

Bryobia praetiosa was collected only from the ground cover 

beneath the wild hosts, and B. arborea only from the host 

itself. One specimen of B. praetiosa was collected from 

a low growing spur of A. florida, but this was presumed to 
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have resulted from contamination from adjacent herbs. 

Eotetranychus carpini and Tetra.nychus telarius - 

These two species were the primary mite pests in the Hood 

River Valley orchards prior to 1954. During the present 

study the yellow spider mite was only rarely collected from 

Orataerus and the two- spotted mite was never collected. 

Neither species was collected from A. florida. 

Eotetranychus zTillamettei - Although the Willamette 

mite is not a pest in orchards, it is certainly a potential 

pest. It appeared abruptly in large numbers late in the 

season on C. douglasi. plot 3. No explanation was apparent 

for its sudden appearance since it was absent from the 

adjacent semi -commercial pear orchard. 

Tydeus zempoalensis - This species was common on A. 

florida and C. douglasii, but absent from O. colombiana. 

The food habits of this entire genus (Tydeus) are apparent- 

ly diverse and need further study (6, p. 192). The habits 

of this particular species are not known, although they 

would not feed on apple leaves, European red mite eggs, 

two- spotted mite eggs, or apple fruit extract during this 

study. They did feed on aphid honeydew and diluted honey, 

but reproduction did not occur while feeding on these media. 

On the plant, they were found associated with various mite 
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species and their eggs, insect scales, honeydew, and twig 

crotches. Further study is necessary before the niche this 

species fills in its ecosystem is known. 

Since T. zempoalensis was ubiquitous on A. florida, 

it was considered a favorable habitat, as was C. douglasii. 

Although present, these mites were never a dominant 

feature in the commercial or semi -commercial orchards. 

With their feeding habits being apparently non- phytopha- 

gous, they were not considered to be an important pestifer- 

ous migrant from the wild hosts to the orchards. This 

species might, however, furnish an alternative food supply 

for predacious species which do feed on phytophagous 

species. 

Tydeus californicus - This species was commonly collect- 

ed from C. columbiana, but rarely from C. douglasii and 

never from A. florida. Tydeus californicus was observed to 

feed on honeydew and dilute honey during this study, but it 

was not determined if they could reproduce on it. They were 

observed in about the same habitats as T. zempoalensis. 

Although Fleschner and Arakawa (39) considered T. californi- 

cus pestiferous to avocados in California, they will not be 

considered as possible pests in the Hood River Valley 

pomaceous fruit orchards. The high numbers of T. califor- 

nicus in C. columbiana plots 2 and 3 as opposed to plot 1 
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is probably the result of more favorable habitats. 

The clear preferences of T. californicus and T. zempoa- 

lensis for certain host species indicated that they were in 

some way influenced by pecularities of their preferred 

plant species. Similar preferences were also observed for 

pears and apples in abandoned orchards. The reasons for 

these preferences are unknown, particularly since neither 

species is apparently phytophagous in the Hood River Valley. 

TYphlodromus spp. and Balaustium sp. - Predacious 

mites were generally scarce on Crataegus and Amelanchier, 

although T. rhenanus was abundant in C. dou, lazu plot 3. 

This may have been because B. arborea was also comparative- 

ly abundant in this plot. Typhlodromus rhenanus was found 

by Morgan and Anderson (1, p. 31) to feed readily on the 

brown mite. Similar observations were made in the Hood 

River Valley. 

Of the four predacious species collected from Cratae 

rus and Amelanchier, only T. rhenanus and Balaustium sp. 

were collected in substantial numbers from orchards, and 

then only in abandoned and semi -commercial orchards. With 

the low incidence of these two species on wild hosts, it 

is unlikely that this native source could be beneficial 

to the orchards. 

A review of figure 1 will demonstrate that P. ulmi 

. 

. 
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was the only orchard pest which was commonly collected from 

Crataegus and none were collected from Amelanchier. Also 

the only predators collected from orchards and wild hosts 

were T. rhenanus found on one Crataegus plot and Balaustium 

sp. which was collected sparingly from A. florida. It was 

previously concluded that orchards were responsible for 

infesting wild hosts rather than vice versa. If this is a 

fact, no concern need be given to wild host species and 

their role as a reservoir of pest mites. However, they 

might well have been the source of such species as E. 

willamettei, E. carpini, and B. arborea which are apparent- 

ly endemic to the Hood River Valley. 

They might also host mites which furnish alternative 

food for predators that may become helpful in integrated 

control, since they support large numbers of Tydeus. What- 

ever the relationship between wild hosts and orchards is 

yet vague; but at the present, one may conclude that wild 

hosts are not a serious threat to the orchards and any 

effort to control mites on them could do no more than waste 

money and possibly further aggravate the ecosystem imbalance. 

Interrelationships among Species 

Objective 3, "to determine interrelationships among 

species present on the trees ", will be discussed under this 

heading. Interactions among the species are possibly the 

most important phenomena to evaluate, if one were to attempt 



113 

the incorporation of biotic factors into an economic control 

program. 

Predatory Habits 

Typhlodromus rhenanus was observed, iü the Hood River 

Valley, feeding on European red mite summer eggs, nymphs, 

and adults; brown mite larvae and nymphs; yellow spider 

mite adults; and T. californicus adults. Other workers 

(1, 50, 84) have added European red mite larvae, brown mite 

summer eggs and adults, and two- spotted mite eggs and nymphs 

to its list of prey. 

Typhlodromus mogregori has, to my knowledge, never been 

considered a valuable predator of phytophagous mites in 

orchards. It was observed feeding on brown mite larvae and 

nymphs, and M. adults in the field. Feeding on European 

red mite adults was induced in the laboratory. Only a few 

specimens were collected that were considered to have 

recently fed on European red mites, as evidenced by their 

dark gut contents. 

Mediolata mall was observed, in the Hood River Valley, 

feeding on European red mite summer eggs, other clear 

unidentified eggs, and brown mite summer eggs and quiescent 

larvae. They were never observed feeding on the active 

stages of phytophagous mites. Although effective predation 
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by this species has been implied by some authors (70), it 

is not considered an important predator in the Hood River 

Valley, because of itssluggishness and small numbers. 

Balaustium sp. was possibly the most ravenous of all 

predators studied in the Hood River Valley. They were 

observed to feed on brown mite larvae, nymphs, and adults; 

European red mite nymphs and adults; T. rhenanus adults; T. 

californicus adults; green apple aphid (Aphis pomi DeGeer) 

nymphs; pear psylla (psylla, pyricola Forster) nymphs; and 

human skin. They were never induced to feed on quiescent 

stages or eggs of the phytophagous mites. 

With their large appetites, they could be significant 

predators, except for the fact that they are active on the 

trees between mid -May and mid -June only. During this short 

span, they may be important in orchards where they are 

abundant. Their small numbers in most orchards, however, 

make their lasting value highly questionable. 

It is apparent that these lists of prey are incomplete, 

but as near as could actually be determined, they are the 

only species which have actually been observed and record- 

ed as prey for the respective predators. 

The brown mite was most frequently preyed upon, 

followed by the European red mite. The two -spotted mite, 

Willamette mite, and yellow spider mite were probably preyed 
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upon more frequently than was apparent, but escaped 

observation because of their low densities. Typhlodromus 

rhenanus and Balaustium sp. were the most ravenous and were 

possibly the least selective; however, all species may be 

considered as helpful in biological control. 

Seasonal Syncronization 

A potentially effective biotic agent of control has 

to coordinate its seasonal distribution with the pest in 

question to enhance effective control; otherwise biological 

control is unlikely and predation is less important in the 

reaction of the pest to its environment. The critical 

time for controlling the European red mite and the brown 

mite was determined through literature review to be in the 

early spring months. The two -spotted mite, Willamette Trite, 

and yellow spider mite build up later in the season and thus 

their control may be effected later. Seasonal distributions 

of different species may be described in a very general way, 

but this would yield little information of biological 

importance. The most significant observations are made 

from contrasting species to determine how these contrasts 

react with time. Some important observations are made 

available through general observations of seasonal distri- 

butions, however, and these will be considered briefly 

' 
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for those species studied. 

Bryobia arborea - The brown mite was clearly more 

abundant on spurs in the early spring than later during 

the season. This was probably the spring generation which 

returned to the spurs for their resting stages. Also, in 

all but one orchard (Sparks. pear, Figure 4) the mites 

increased on spurs late in the season (Figures 2 and 3), 

It is postulated that this late season increase on the 

spurs was a result of increased winter egg laying, despite 

the fact that Anderson and Morgan (1, p. 29) suggested a 

progressive build -up of winter eggs starting in the summer, 

Tydeus zempoalensis - Although this species is wide- 

spread (5, n. p.), nothing is published concerning the 

niche it occupies in the mite community. In fact, as 

common as tydeids are, few have had any biological work 

done with them. In the Hood River Valley, this species 

was found abundantly in several abandoned orchards, but 

was apparently absent from others, As evidenced by their 

seasonal distribution (Figure 3), they must over -winter on 

the bark of limbs and spurs and move onto the leaves in 

late May and early June. As near as could be determined, 

they were of no economic importance unless they furnished 

food for the predators. This species was occasionally 

found in commercial apple orchards. 
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Tydeus, cc.lifornicus - In the Hood River Valley, this 

species was abundant in only one abandoned orchard (Sparks 

pear), although it was collected from other abandoned pear 

trees. It is interesting to note that it was most fre- 

quently associated with pears rather than apples. This 

species over -:sintered on the spurs and bark, and was more 

abundant on the spurs in the spring than in the summer or 

fall (Figure 4). It also appeared to be of no economic 

importance in the Hood River Valley, unless it furnished 

food for predators of important pests. 

Mediolata mall - This species is another that was found 

abundantly in only one orchard (Mt. Hood) where it inhabited 

leaves almost exclusively (Figure 2). Since it appeared so 

early in the spring (May), it probably also over -winters 

on the spurs and bark. 

Typhlodromus mcgregori - The presence of T. mcgregori 

in the Hood River Valley was interesting in that it was by 

far the most abundant typhlodromid in one of the orchards 

studied. This orchard (Mt. Hood) was the same that main- 

tained a relatively high population of U. mall. During 

the time this study was underway, T. mcgregori was found 

primarily on leaves, but it probably over- winters on 

branches and the trunk among the bark since early season 

mites were frequently collected from spurs (Table 3). Their 
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seasonal increase was slight and the population was main- 

tained at a low level. 

2.21.121aala rhenanus - This species was more abundant 

in Sparks pear orchard than any other abandoned orchard 

studied, although it was usually present in all abandoned 

orchards and most semi -commercial orchards. It was most 

abundant on the spurs in the early spring but was soon 

found on spurs and leaves alike (Figure 4). 

It is apparent that none of the predatory species 

were oriented seasonally so as to effect efficient control 

on the European red mite or the brown .mite. Balaustium 

sp. appeared early (May -June) but its seasonal duration 

was short and it depended on migration from the ground 

which renders it less independent of environmental 

pressures. It is not dependent on the density of orchard 

mites and might fluctuate extremely between years-- influ- 

enced possibly by factors quite apart from those effecting 

Its intended prey on the trees. 

The seasonal syncronization of Typhlodromus spp. and 

M. mali was more closely syncronized to that of the two- 

spotted mite, Willamette mite, and yellow spider mite than 

it was to that of the European red mite or brown mite. 

Balaustium sp. may be an efficient predator on the latter 

two species, but only for a very short time in the spring 

months. 

., 
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One must consider what the lack of distinct curvature 

responses to interactions means. The first impulse might 

suggest that the predators did not effect P. ulmi, T. 

telarius, E. willamettei, and carpini, but these species 

were too infrequently collected to actually test. No 

solid conclusions can be drawn even though the possibility 

of effective control is unlikely. This is particularly 

true with P. ulmi whose early seasonal distribution is 

similar to that of B. arborea. 

If one were to examine the results of species con- 

trasts, it is apparent that few interactions with time 

were conclusive enough to suggest causative action on the 

part of any single species or group of species. The only 

influence of predators that appeared suggestive was T. 

rhenanus vs. T. californicus in Sparks pear orchard and 

Typhlodromus spp. (of which rhenanus was a part) vs. T. 

zempoalensis in Mosier Grade orchard and neither of these 

was conclusive. 

Spatial Th,i-acronization 

Spatial distribution is an important factor in effect- 

ing predation, for a prey animal is not at risk if it isn't 

at least accessible to the predator. Since this study 

deals with several aspects of distribution, each non- 

E. 
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predacious species is discussed separately. 

Panuphu - This species occupies both the dorsal 

and ventral surfaces of the leaves. Approximately 30% were 

distributed on the ventral surface (Figure 5 and Table 18). 

They are also distributed over the entire surface of the 

leaf although more concentrated along the mid -rib than the 

periphery of the leaves. Balaustium sp. was the only 

predatory species with a similar distribution to that of 

the European red mite. None of the other predators was 

even sparsely distributed on the ventral surfaces of the 

leaves; for 825, 9V, and 99% of j. mali, T. mcgregori, and 

T. rhenanus, respectively, were located along the dorsal 

mid +rib. 

Panonychus ulmi was found most frequently on mature 

leaves as was T. rhenanus and M. mali. Typhlodromus 

mataal on the other hand was most abundant on the 

immature leaves (Tables 19 and 20), 

During the time these samples were taken, P. ulmi 

populations were more dense on the south and east sides 

of the trees than on the north and west. Aside from this, 

there were no demonstrable differences in their distribu- 

tion within the tree. Typhlodromus rhenanus and T. 

mcgregori had similar distributions although Balaustium 

sp. had its greatest density in the lower central portion 

ulmi 

- 

, 



126 

of the trees (Tables 21, 22, and 23). 

It is evident from the above discussion that all pre- 

datory species studied have at least some feature of their 

distribution which is at variance with that of the European 

red mite. No one predator can be particularly efficient 

because their spatial distributions are not syncronized 

well with that of their proposed prey (P. ulmi). 

Bryobia arborea - This species is distributed primari- 

ly on the dorsal surface of the leaves where it is scatter- 

ed over the entire surface (Figure 5 and Table 18). Only 

Balaustium sp, had a similar scattered distribution. The 

brown mite appeared most abundantly on the mature leaves, 

as did M. mali and T. rhenanus, but T. mcLregpri preferred 

immature leaves (Tables 19 and 23). 

Distribution cf the brown mite within the trees was 

different than any of the predators since its greatest 

densities were at the periphery of the tree, where it was 

basically uniform on all sides (Tables 21, 22, and 23). 

None of the predators considered during this study shared 

that distribution although there was naturally some overlap. 

Tetranychus telarius - Figure 5 and Table 18 illustrate 

that this species was found entirely on the dorsal surface 

of the leaves. This distribution is essentially the same 

for M. mall, T. rhenanus, and T. mcgregorl although the 
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predators were more concentrated along the mid -rib.. 

The distribution of the taro- spotted mite within the 

trees was most dense on the south and east sides and became 

progressively less from the base to the top of the trees 

(Tables 21, 22, and 23). This distribution was similar 

to that of T. rhenanus and T. a2aularl, but only Balaustium 

sp. had greater densities at the tree's base. Generally, 

the distribution of this species did not vary greatly from 

that of the predators although there were areas with 

apparent lack of predators. 

Eotetranychus carpini - Only their distribution on 

the leaves was established, and it was very close to that 

of M. mali, T. rhenanus, and T. mcgregori (Figure 5 and 

Table 18). All other factors being equal, this species 

might be efficiently preyed upon. 

Tydeus zempoalensis and T. californicus - Distribution 

of T. zempoalensis and T. californicus were found to be 

similar and resembled that of T. telarius on the leaves 

(Tables 18, 19, 20, and Figure 5). One large difference 

between them was the fact that T. californicus preferred 

immature leaves. Being similar to T. telarius, they might 

fall victim to considerable predation. 
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Syncronization Among Orchards 

In order that a species be a valuable predator, it 

must coinhabit the orchard with the pest. Herbert (49, p. 

28) pointed out that the distribution of Typhlodromus 

was extremely variable among orchards. He also observed a 

wide variation in numbers among different orchards. Al- 

though these variations were probably the result of 

environmental factors not yet understood, they will have 

to be evaluated before a species can be considered 

predator with high economic potential. 

Distribution was also extremely variable in the Hood 

River Valley (Table 17). For instance, T. mcgregori was 

present in two of the three abandoned orchards studied, 

but abundant in only one (Mt. Hood). Typhlodromus rhenanus 

was collected in all abandoned orchards sampled, but rarely 

in large numbers. Other species, T. arboreus and T. anchia- 

lus, were collected from one orchard only (Mosier Grade), 

and then only in small numbers. 

There is no reason to insist that all predators or 

even the one most efficient predator be present in all 

orchards to assist in some degree of pest control. But the 

greater the diversity of species among orchards, the more 

difficult the task becomes of integrating chemicals into 

the ecosystem. This would of course necessitate more care- 

a 
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ful supervision by trained entomologists who are generally 

unavailable, thus imposing an additional burden on the 

possible use of predators in control programs. 

nites Inhabiting 

Objective 4, "to determine mite species present on the 

trees and in the soil and cover crop beneath the trees in 

abandoned apple and pear orchards" and 5, "to establish 

interrelationships between species present in the soil and 

cover and those present on the trees ", will be discussed 

jointly under this heading. 

The species, occurring in their respective habitats, 

may be determined from table 29. There were 25 species 

collected from the trees and 47 from the soil and cover 

beneath the trees. Only seven of the 47 species identified 

from the soil were also collected from the trees. Of the 

seven, only three (T. telarius, Balaustiun sp., and T. 

rhenanus) were abundant. 

Putman and Herne (85, p. 575) questioned the long 

accepted concept that the late summer build -up of T. 

telarius on trees was due to their migration from the cover 

crop. They demonstrated the same type of build -up in the 

absence of migration from the cover crop. If this is the 

only phytophagous species which migrates to and from the 

.Soil 

. 



trees, and the tree's populations are in fact able to in- 

crease without this migration, soil studies would not be 

particularly valuable in terms of pest control. Migration 

has been demonstrated when two- spotted mites are left 

undisturbed however (2, 23, 30, 101), and the contact 

between the mites on the trees and cover crop is maintained. 

For this reason, vitas on the cover crop need to be consider- 

ed when T. telarius is a pest and biological control is 

advocated. 

The two -spotted mite was collected in small numbers 

in all abandoned orchard soils but never from the commer- 

cial orchard at the Experiment Station. Since it was 

totally absent from the commercial orchard and only spar- 

ingly collected from abandoned orchards, it was concluded 

that the soil was unimportant as a source of infestation 

to the trees, If T. telarius does become a pest again, the 

soil inhabiting phase might well be consi dered in its 

control. 

Predacious species found in the soil were only rarely 

collected from the trees. This was particularly true with 

the genus Typhlodromus in which only one (T, rhenanus) 

of nine species collected from the soil was also collected 

from the tree foliage. Since T. rhenanus has previously 

been demonstrated to feed on two -spotted mites, it is 

130 
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assumed to feed on them in both environments. The remain- 

ing eight species found exclusively in the soil need to 

be studied further before their feeding habits can be 

assessed. 

Another predacious species of interest is Balaustium 

sp. which was found in all environments examined. Although 

this species was collected only in small numbers in the 

soil, its presence in the trees resulted from migration to 

this habitat from the soil and cover. Since the two -spotted 

mite has been s, pest and may again become one, its relation- 

ships with Balaustium sp. and T. rhenanus is important. 

Unfortunately, the relationship with Balaustium sp. was 

never actually established since it was not observed feed- 

ing on T. telarius. But, since the prey of Balaustium sp. 

is so diverse, it is feasible to assume that it does prey 

on the two -spotted mite. If so it may prey on the two - 

spotted mite while both ere on the soil's surface and cover 

crop. It is unlikely that predation would be particularly 

extensive while on the tree because of the early season 

occurrence of Balaustium sp. and the late season build -up 

of T. telarius. Typhlodromus rhenanus was only incidentally 

collected from the soil and thus is considered of little 

influence on two -spotted mites in this habitat. 

The remainder of the species reported from the soil 
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have no apparent relationship with the mites on the trees 

and may be considered essentially unimportant. This is 

true only in part, however, because if f3alaustium sp. 

were a valuable predator, the conditions prevailing during 

its soil inhabiting phase may have a distinct secondary 

reaction on the :,lutes Within the trees. 

Because of the apparent ecological isolation of the 

mites on the trees and soil (Table 29), it was concluded 

from this study that the two complexes were independent 

of each other. If the pest complex in the Hood River 

Valley should change again in favor of T. telarius, their 

relationships may once again become intimate. 

Possibility of Integrated Control 

Objective 6, "to investigate the possibility of 

integrated control in Hood River Valley ", will be discussed 

under this heading. 

Olney (73) presented the first comprehensive study of 

the Hood River Valley mites and reviewed briefly the signi- 

ficant preceeding contributions. His work dealt primarily 

with the problems of chemical control and evaluation of 

several pesticides for mite control. Chemical control is 

necessarily the present program in the valley, and it fre- 

quently overshadows and sometimes excludes the possibility 
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of experimental biological control6. Because of the lack 

of opportunity for experimental biological control, a 

conceptional approach was necessary. This lacks the 

experimentation necessary to render it practical in the 

terms discussed by Beirne (8, p. 389). However, carefully 

evaluated concepts frequently prevent costly errors and 

usually progress from the hypothetical to an accepted and 

practiced concept (7, p. 376). 

stern et al. (91, p. 94) and particularly van den 

Bosch and Stern (7, p. 371) emphasized the necessity of 

recognizing the ecosystem as the single basic ecological 

unit and advocated the direction of efforts to this unit 

rather than to any particular species, It is their conten- 

tion that integrated control7 will be most effective when 

control efforts are fitted into the ecosystem rather than 

manipulating the ecosystem to favor control discipline. 

Morgan and Anderson (74, p. 97) and Huffaker and Kennett 

(51, p. 802410; 52, p. 200 -208) showed that both the 

6 
(91, P. 95) 
predators, 
produces a 
prevail in 

7, 01, p. 86) 
combines and 

Biological control. "The action of parasites, 
or pathogens on a host or prey population which 
lower general equilibrium position than would 
the absence of these agents." 

Integrated control. "Applied pest control which 
integrates biological and chemical control." 
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composition and abundance of phytoseiid populations can be 

altered by pesticides so that, according to Chant (17), in 

theory the precise manipulation of populations should be 

possible. Ripper (86, p. 490) who was one of the earliest 

proponents of the integration concept suggested the more 

practical approach when he emphasized the need to integrate 

certain species. He said, "Integration of biological and 

chemical control is possible if (a) a suitable low den- 

sity natural enemy is available, (b) a selective insecti- 

cide exists which controls the pest but not the low density 

dependent natural enemies, and (c) the maximum population 

density of the pest which does not produce economically 

significant damage to the crop is not lower than the popu- 

lation density of the pest needed to retain the low 

density natural enemy." The latter, more practical approach 

(86) will be retained throughout the discussion of the 

species interrelationships. 

Panonychus ulmi was the primary pest in the Hood River 

Valley at the beginning of this study, E. carpini and T. 

telarius were formerly the major pests while B. arborea 

and E. willamettei are possible pests. since T. zempoalen- 

sis and T. californicus occur in large numbers, they will 

be discussed even though their feeding habits are not com- 

pletely understood. Typhlodromus rhenanus, T. mogregorio 
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M. malt, and Balaustium sp. are the only predatory species 

studied sufficiently to merit a discussion of their niches 

within the ecosystem. Many other species were present in 

varying numbers and would have to be considered in the 

ecosystem concept of V. M. stern and his followers. 

large number of species and frequently small number of 

specimens make Stern's thesis untenable as far as orchard 

mites in the Hood River Valley are concerned. 

Now that some of the interrelationships of the mites 

have been demonstrated, the problem is how they might be 

helpful in controlling acarine pests. Since the standards 

imposed on the growers by the public are extremely high, 

it is doubtful that biological factors by themselves will 

ever be an answer to economic control of pests in the 

Hood ßiver Valley. In fact, to consider it such would be 

a gross error. This leaves only one recourse if biotic 

agents are to be used, that being "integrated control ". 

Many questions raised during this study need to be 

answered if the ecosystem is to be satisfactorily managed 

to effect economic control. Otherwise, chemicals will 

continue to be relied upon entirely. 

Gilliatt (44, p. 24 -27) along with other early workers 

placed considerable reliance on the potential of phytoseiid 

predators because they believed their biology and ecology 

The 
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tc be similar to 2. ulmi and other pests. But it is 

evident from the present study that at best the acarine 

predators now present in the Hood River Valley are only 

partially effective. They do not occupy the same areas on 

the leaves or within the trees and are not seasonally dis- 

tributed so as to assist efficiently in controlling P. 

ulmi, which is the most serious mite pest, and B. arborea, 

an ever present threat. Only partial relief can be expect- 

ed from these predators, thus, other control efforts will 

have to be improvised. 

An increase in leaf nitrogen has been demonstrated to 

increase mite populations. This suggests the problem. of 

fertilization and its effect on the reaction of the 

phytophagous members of the ecosystem. Since trees are 

necessarily pruned of the excessive growth each year, it 

is possible that a re- evaluation of fertilization practices 

needs to be nade. Perhaps a reduction in leaf nitrogen 

would not reduce crop production below the cost of pest 

control. 

The problem of competition is complex and needs con- 

tinued study to be accurately evaluated. It was hoped this 

study would form realistic concepts of competition between 

pests, but the results do not allow a particularly reliable 

evaluation. Chant (18, p. 6) stated that conclusions 

' 
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based on apparent correlations may be misleading as it is 

dangerous to claim correlations between insect and mite 

populations when fer details of the biology of organisms, 

or of the mechanism of their interactions are known. Inter- 

actions may well be caused by two independent species react- 

ing in opposite ways to environmental factors rather than 

the influence of one species on another. It is apparent 

that experimental work is necessary to fully understand 

interactions of competing species. 

Lienk and Chapman (63) suggested, "....that competi- 

tion of the European red mite may be an important factor 

in the suppression and late build -up of the two-spotted 

spider mite" but they failed to discuss what might be the 

most important result of this supposed competition. Since 

the distribution of these two species on the leaves and 

within the trees was different, competition could only be 

partial unless the densities were exceedingly high. More 

niches on the tree lee4ld be occupied and consequently food 

would be more freely available for predators. If several 

phytophagous species were present and competing for hiber- 

nation and oviposition sites, a larger host range would be 

available to the predators. Food would be available for 

a longer seasonal period in a greater variety of ecological 

niches. Thus, pests would compete with one another while 

s ir 
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at the same time providing a more dependable source of food 

for predators which are generally not syncronized well with 

the seasonal and spatial distribution of any single phyto- 

phagous species. 

It would be well to consider attempting to provide a 

more heterogenous species complex, rather than attempting to 

eliminate all possible species from the orchards. A wider 

species complex would facilitate the possibility of inte- 

grating chemical and biotic control agents. Without the 

integration of other phytophagous species into the orchards, 

integrated control is less likely to be successful. 

Development of the use of chemicals suitable for pest 

control is a never ending problem, since new products are 

being introduced each year. The trend for non 

all purpose pesticides has reduced the possibility of 

integrated control tremendously. Selective pesticides and 

selective application practices need to be developed to 

assist the biotic elements. Unfortunately, selective 

'pesticides and the time necessary to establish the ecosys- 

tem in producing orchards are generally unavailable. 

It was concluded from this study and a review of the 

literature that integrated control is not possible in the 

Hood River Valley at the present time. It may be possible 

when (1) the ecosystem is established with more competing 

' 
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phytophagous species and a larger variety of predators 

more uniformly distributed among the orchards, (2) biotic 

interactions are more clearly understood for various areas 

within the valley, (3) selective pesticides are developed 

which are able to augment the effects of the biotic factors, 

and (4) horticultural practices are re- evaluated to assist 

pest control as well as crop production. 



140 

SUMMARY 

High production standards have caused fruit growers to 

use the most effective pest control programs at their dis- 

posal. These programs have frequently had to sacrifice 

economy for the sake of immediate effectiveness. As pest 

control becomes more costly, increased interest in biologi- 

cal control is inevitable. Interest in acarine predators 

and their intercourse with pests stimulated, in part, the 

investigation reported herein. Because of this interest, 

the possibility of integrated control of orchard acarine 

pests in the Hood River Valley was investigated. 

A survey approach to the problem was initiated with 

the following objectives: (1) to determine the mite spe- 

cies present on the wild hosts (Crataegus douglasii, 

Crataegus columbiana, and Amelanchier florida) closely 

related to pome fruits produced in orchards, (2) to investi- 

gate the interrelationships between mite populations on 

wild hosts with those in the orchards, (3) to determine 

interrelationships among species present on the trees, 

(4) to determine mite species present on the trees and in 

the soil and cover crop beneath the trees in abandoned 

apple and pear orchards, (5) to establish interrelationships 

between species present in soil and cover, and those 

present on the trees, and (6) to investigate the 
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possibility of integrated control in the Hood River Valley. 

It was thought that a basic ecological understanding of 

the acarine species present in and near the orchards would 

provide most information as to the feasibility of attempt- 

ing an integrated control program using the species already 

present in the valley. 

The wild hosts were studied in four basic associations 

with the orchards: (1) an association in an isolated 

situation (with respect to commercial and abandoned 

orchards), (2) an association with an abandoned orchard, 

(3) an association with a commercial orchard, and (4) an 

association with the undisturbed natural habitat. 

Three abandoned orchards were selected for study. 

Selections were based primarily on the mite species present 

and the interval since orchards received their last appli- 

cation of insecticide(s), although tree vigor and variety 

was also considered. The last applications ranged from 8 

to 20 years preceeding the initiation of this study. One 

commercial orchard was sampled in the same manner as the 

abandoned orchards. 

Orchard soils and cover crop were sampled for one 

season in three abandoned orchards and one commercial 

orchard. Where possible, these samples were taken from 

orchards used for sampling mites from the trees themselves. 
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Distributions of mites among the orchards, within the 

trees, upon the leaves, between mature and immature leaves, 

and between certain varieties were investigated. Evalua, 

tions of these distributions were made only for those 

species that provided the opportunity; thus, all distribu- 

tions for each species considered were not possible. 

Fifteen species were collected from O. douglasii, C. 

columbiana, and A. florida; twelve from C. douglasii, nine 

from C. columbiana, and five from A. florida. The only 

species that showed host preferences were T. zempoalensis 

which was recorded almost entirely from A. florida and C. 

douglasii, and T. californicus which was most frequently 

recorded from C. columbiana. The nature of these prefer- 

ences is unknown, since both species are apparently non - 

phytophagous. 

Pest species were abundant only on wild host plots 

which were situated near orchards that were also infested. 

This was especially evident with F, ulmi when the plots 

were near infested commercial orchards, and B. arborea 

when one plot was near an infested semi -commercial orchard. 

Only in one plot (the same plot with abundant B. arborea) 

were predacious mites (T. rhenanus) abundant. 

Although the wild hosts may have been the source of 

introducing some phytophagous species into the Hood River 
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Valley orchards, they are apparently not important infestors 

of orchard pests at the present time, Likewise, they are 

not considered important as sources of predacious species 

that might be helpful in any sort of integrated control pro- 

gram that might be attempted. In fact, high numbers of 

mites on these hosts were unusual and occurred only when 

supplied from nearby orchards. 

Prior to 1954, the principal mite pests in the Hood 

River Valley were T. telarius and E, carpini; but since 

1954 they have been scarce except in neglected and aban- 

doned orchards where moderate numbers may appear. The 

major pest at the present time is P. ulmi which replaced 

the preceeding two species. Bryobia arborea and E. willa- 

mettei are considered potential pests, although they have 

never yet developed in serious numbers. 

The principal acarine predators in the abandoned 

orchards of the valley were T. rhenanus, T. mcleregori4 

mall, and Balaustium SD,, although T. arboreus and T. 

anchialus were recorded occasionally. Tydeus zempoalensis 

and T. columbiana were abundant in the orchards but, since 

they are not considered phytophagous nor predacious, their 

ecological niche is still uncertain. 

The necessity of early season control of P. and 

arborea was discussed in connection with fruit production. 

' 
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Only Balaustluii sp. appeared early enough, in sufficient 

numbers, to assist in controlling these two pests at the 

critical time of the year. But, this predator was not 

active on the trees for sufficient tine to be accredited 

much value. All other predacious species were more closely 

syncronized with the seasonal distribution of other phyto- 

phagous species than with P. ulmi and B. arborea. 

In no case were species determined to be efficient 

predators of P. ulmi, and their efficiency in controlling 

other phytophagous species is also questionable. In all 

cases that could be demonstrated, there were parts of the 

predator -prey distributions that were not efficiently 

syncronized. This necessarily left areas occupied by phy- 

tophagous species that were free from predation. 

The lack of efficiency mentioned above is, in part, 

the reason why no predator -prey interactions could be 

identified that would lead one to conclude the prey had 

been suppressed by the predator in question. In no case 

where these interactions were possible was suppressive 

action on the part of a predator or group of predators 

demonstrated. As a result, it was necessary to conclude 

that predators did not impose a controlling influence on 

the phytophagous species studied, although there was some 

indication that T. rhenanus did influence the population 

11+4 
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development of arborea and T. californicus in Sparks 

pear orchard. This Iran the only orchard studied in which 

These particular intercourses were possible. It is likely 

that definite conclusions on the interactions of some of the 

species sampled will have to await experimentation. 

Some variety preferences were indicated from the 

sampling, but to be completely conclusive, a sampling de- 

sign with the purpose of determining preferences will have 

to be initiated. Brvobia arborea showed a preference for 

Gravenstein apples over Spitzenberg apples in the Mt. Hood 

orchard. 2;aels sp. and T. ,zempoalensie seemed to 

-prefer Winter Banana apples to Newtown apples in the 

Mosier Grade orchard. Possibly the most striking prefer- 

ences were demonstrated by T. eeoalerolo which was abun- 

dant in all abandoned and semi- commercial apple orchards, 

but almost entirely absent from the pears. On the other 

hand, T. californicus was abundant in abandoned pear 

orchards and absent from the apples. These preferences 

could not be explained from the data obtained during this 

study. 

There were 25 species collected from the trees and 47 

from the soil and cover beneath the trees. Only seven of 

the 47 identified from the soil were also collected from 

the trees, and only three of the seven were abundant T. 

, 

' 
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telarius, Balaustium sp., and T. rhenanus). Since the popu- 

lations in the trees are apparently isolated from those on 

the soil and cover, it was concluded from this study that 

the two multiple complexes were independent of each other. 

If the species complex in the orchards should once again 

become predominantly T. telarius, which migrates to and 

from the trees, the interrelationships of the two complexes 

may again become intimate. 

Integrated control was discussed from the point of 

view of utilizing certain elements of the ecosystem, rather 

than managing either all or part of the ecosystem. The 

objective was to evaluate the possibility of using the 

components already present, and not to discuss how they 

might best be managed, The survey design of this study 

does not allow reliable inferences about the management of 

the ecosystem or any part of the ecosystem. Additional, 

possibly experimental, work is necessary before efficient 

management can be proposed. 

The data obtained during this study led to the con- 

clusion that the acarine predators now present would not 

be particularly helpful in an integrated control program. 

An integrated control program was concluded to be feasible 

only when (1) the ecosystem is established with more com- 

peting phytophagous species and a larger variety of 
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predators more uniformly distributed among the orchards, 

(2) biotic interactions are more clearly understood for 

various areas within the valley, (3) selective pesticides 

are developed which are able to augment the effects of the 

biotic factors, and (4) hortionitural practices are re- 

evaluated to assist pest control as well as crop produc- 

tion and improvement. 

- 
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