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INTRODUCT Im{ 

.. ... 

A survey between July-, 1965 and ~ovember, 1966 of mites in the 

trees of abandoned apple orchards in central Utah indicated that Bryobia 

praetiosa Koch, 2· r 11brioculus (Scheuten), and Typhlodro1ns mcgre?;O~~ 

Chant ;~ere the most com.;-:ion mites pr8se:1t. :Sryobia nraetiosa (clover 

mite) 'Aas the most com-r.on species on t:-ie trees durbg the ~-linter, but it 

was replaced by 2• r1brioculus (bro'.m mite) during the su:JL11er. Both 

species are phytophagous a:1d in 1956 were considered to be ecor.o;nically 

impcrta;1t in Utah ap?le orch,".J.rds (Davis, 1956), as :·.rell as in other fruit 

gro:-ring areas of t:1e xorld C-ieldon, 1909; .Tebster, 1912; Venables, 194J; 

Roesler, 1952). SL:iilarities in t:ie life histories of bro~-m :nites arid 

clover 31ites :nay allo-.J them to occur to 6ether on the trees during certai11 

times of the year. Until 1957 when Bryo'::iia aroorea ;forgan a;1d Anderso:i. 

(=rubrioculus) :,ras described, .2• rubrioculus and~- -oraetiosa ':Sl'ere even 

tho'Jght to be the sc1Jte species I but they are now con3idered distinct 

species (Anderson and Morgan, 1958; Manson, 19S7). If mites referred 

to as ~- oraetiosa before 1957 ,-lere arboreal in orchard trees and the 

wor~ was done durL1g tt-,e summer months, they are co;1sidered to oe B. 

ru'brioculus in this revie•.,r. 

Tyghlodro~ mcgregori was described in 1959 oy Chant, and since 

it is predacious, it may affect the control of clover mites and brown 

mites. Lord, Herbert, an.'.i 1,i:acPhee (19.58) maintained that Tvohlodror:ius 

spp. were the r.iost important :predators of £· ru'Jrioculus and ~- 2raetiosa 

in apple 1)rcharJs of Nova Scotia and could rapidly reduce the 
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pnyt.oph2gous populations. Discrepancies in relative distributions of 

predators and prey influence the effectiveness of the predator (Chant, 

19.59; Chant an::i Fleschner, 1960); t:-2us a knordedge of dispersion charac-

teristics a:1d -:iistribution pe.tterns of !• r_r.ce;regor.i is necessc.U'y before 

atte;rr_pting to eval:J.~te its i:n:)Ortance as a pest control agento 

To date, tne rat,1er li:nited nu:11~Jer of reports on population :nove-

ments of E.• ru'orioculus ::md E.· or"!.eti..~ are soJ1e~.;hat contradictory, and 

studies of the dispe:csirn chrractec-istics of I• ;:nc7,regori have not been 

made. ·Norman H. Andersen, in personal conmrnnication with Lord, Herbert, 

and Ha.cPhee (1958) maintained that .£· -oraetiosa did not ;::iigrate fro,n the 

cover crop into ap;:ile trees in British Columoia; however Jorgensen (1966) 

indicated tnat in central Utah, .£• praetiosa was found in apple trees 

during t:-ie ,-linter. Lienk a,d Cha~)man ( 1951), working in Ne·,;r York, stated 

that B. rubrioculus spent as :nuch tb1e on the spurs during the su.r11.11er as 

it did on the leaves. Roesler (1952) in Ger:nany and Sum.ners and Baker 

(1952) in California a.greed ~nth Lienk and Chapman (1951 ); they con-

cluded that B. rubrioculus spent the majority of its tb1e on the spurs 

and moved to the leaves to feed only during favorable periods of the day. 

But Anderson and lforgan ( 1958) stated tr1at the only move::nent of Lnpor-

tance in British Cohm1bia occirred when the adult mites cra",vled to the 

spurs to lay winter eggs. These scattered reports indicate considerable 

disagreement concerning dispersion and distribution habits of the clover 

mites and bro',m mites. 

The objectives of this stu::iy were to determine dispersion charac-

teristics and distributions of!• mcsregori, E.• rubrioculus, and B. 

nraetiosa, and to deter~~ne possible correlation among tnem. Information 

of this nature may be important ~•rhen atte:~rotin,c- to evaluate the 
• 0 



effectiveness of T. mcgregori as a control agent of phytophagous mites 

during future integrated control programs in central Utah. 

J 
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MI!.'1' HODS 

An abandoned apple orchard with 99 trees was selected at Highland 

in American Fork, Utah for study, since it had not been treated with 

pesticides for several years and was knmm to have large populations of 

!• rricgregori, _g. rubrioculus, and 3. Draetiosa. CoT_11ercial orchards 

could not be used becauss the regular spray programs virtually eliminated 

the three species to be studied. 

Sample trees Yere selected with the aid of a random numbers table 

so that mite distribution within the orchard could be determined and 

trees with the largest populat:.ons selected for :nore intensive study • 
. 

Samples of 100 spurs, each about 2 in. long, were collected from each of 

48 randomly selected trees, beginning on February 4, 1967, a::1d ending en 

February 20, 1967. The sane nu.11ber of spurs was selected from each scaf-

fold limb so that the 100 spur sa:noles :.-rere collected without observ2.ole 

bias within the trees. 

Ordinary methods (e.g. ~ar~ing and recapture) used to determine 

population movements of larger ani.11als could not be used because mites 

are si:nply too s:nall to mar'c< and recapture. Consequently, the follo:.,ing 

methods ,·mre developed: ( 1) trees with the largest density of over-

wintering :r.ites were selected and plots were established and sa:npled 

periodically ·within the'.11 to determine relative cha:iges in distribution. 

(2) Tree trunks were banded with Tanglefoot 1 in order to determine t:1e 

1Tanglefoot Co.::ipany, Grand ~apids, :•!ichigan. 
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degree and direction mites move along t:-ie trunk. (3) Spurs and their 

respective leaves were observed to deterrn.ine m.ovement of T. mcgregori 

and fl· rubrioculus between spurs and leaveso (4) Field observations of 

the nu.'nber of mites per leaf were used to determine the effect of clima-

tic variations uuon £• rubrioculu~. (5) Bro,,m mites ~-rere placed on apple 

seedlings and later counted as mites per leaf to disclose t'.1e degree and 

methods of dispersion. 

Plot Samoli:12:.. Three trees (No. 10, 23, 83) known to have high 

nu_11bers of 1'.· :ncgregori were selected by t:1e ran,:l.om s;:i.:nplir.g within the 

orchard and sa:nple plots est2blishe::l ",rithin e.s.ch. A plot is sb1ply a 

portion of the tree with enough spurs to provide three replicated sa:nples 

of 100 spurs each. An atte,npt ~-ras also m'lcie to select tne plots so that 

two or three ~-rere adjacent to one another alo:'1g the scaffold limbs. 

Thus, dispersion °,rithin the tree could 'oe dete:r\11ined by replicated sam-

ples of adjacent plots located along ti,e scaffold limbs. Tree no. 10 

had 12 plots, no. 23 ha:::l 18 plots, and no. 83 had 11 plots. Each sample 

was placed in a modified Berlese funnel for 48 hours, and tie nu_rnbers of 

all species recorded. Sa,·,1pling was repeated three times; the first sa11-

ples were ta~en between ~farch 1 and 22, 1966, t~1e second between :1arch 

24 and April 10, 1966, and the third between June 10 and July 14, 1966. 

Representative specimens were identified to observe possible species 

chan 6es amor.g the plots as tie season progressed. Changes in their dis-

tribution and com?osition were usej_ to illustrate general population 

move:nents. Each sa~1pling was tested for rando:uness wit:1 t1:ie Chi-square 

Goodness of Fit test and ti1en correlation coefficients were determined 

cmiong the three species to estimate c:-ianges in distributions and inter-

actions that may have occU2:"red. 



6 

Tanglefoot Strios. Five trees were chosen at rando:n on :-rarch 21 

and sprayed with a band of 0.-rhite paint one foot high around the trunko 

This band was about 2 in. above ground level. Each of the painted areas 

was then ringed with a 2 in. high strip of Tanglefoot 8 in. above ground 

level (Fig. 1). Three additio:1-'!.l trees Here si:nilarly painted and ringed 

with Tanglef8ot on :farch 9. As tn.e mites cra';ded over the painted sur-

face or beca11e trapped in the Ta;iglefoot, t:i.ey were easily seen against 

the white back;::;roun:i; t'-lus t:1eir relative nu11'oers 2.11.d positions relative 

to the ·Tanglefoot strips ,-,ere conveniently noted. Trapped specimens ,-rere 

collected fro21 t:1e upoer and lo:,,er edges of the Tanglefoot strip for 

identification. Live ::iites adjacent to the Tanglefoot a:.;ere also collect-

ed a:id identified. The area of the Tanglefoot fro.'.11 which a particular 

mite was collected ":ras used as an indication of the direction the mite 

was moving before it was trapped. Mites trappe,d on the upper edge of 

the Tanglefoot ",Jere assu.'TI.ed to be :nigrating do:-rn t'.--ie trunk and off of 

the tree; whereas mites trapped on the lo:mr edge ,:,rere considered to be 

moving up the trun\<:: and into the tree from tie ground cover. 

Samnling of Sours an:::l their Resc:iective Leaves. ~1ovem.ent of I• 
mcgregori ac1d. £· ruorioculus bet--reen the leaves and sours :.;as determined 

during a 24 hour period on July 25-26, 1966 starting at 6 A:·I. A mite 

brushing machine 1,?as used to remove the mites fro,rr leaf and s;)Ur samples 

collected every other hour during the day and nig:1t and every hour at 

dawn and dusk. Samples consistine; of 25 spurs per sample ,1ere taken from 

each of five trees as well as five leaves from each spur to obtain leaf 

samples of 125 leaves each. Leaf and spur samples were t:-:en brushed sep-

arately to determine t:--ie number of T. mc6regor1 and B. ruorioculus :ineach. 



Fig. 1. Base of a tree trunk showing ban d of white paint and the 
Tangle foot strip. 

7 
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Field Observations. The effect that climatic variations have on 

the move;;ients of B. rubrioculus was observed in t:-1e orchard during a 12 

hour period on June 22. 1967. Fifteen selected spurs with their respec-

tive leaves were examined at hourly intervals. Tie numbers of brown 

mites found on tho leaves, as 0,rell as the weather conditions at the time 

of observatio;1, r,rere noted. Also a 24 hour study during relatively con-

stant weather conditions was made five days later. 

Seedling Infest::i.tion Exoeriment. Field observations and a review 

of the Iiterature (Lieni~ and Chap,'1an, 1951; Roesler, 1952; Su:rn:.11ers and 

Baker, 19.52; Anderso:1 ancl Morgan, 1953) suggested the daily movements of 

£• rubrioc:..:lus betveen tha leaves and spurs, w:iich led to a study con-

cerning the degree of dispersion from one area to another within the 

trees. One-hun.dred brm·m mites ~.,rere placed on a single leaf near the cen-

ter of a mite-free apple seedling to observe pcissible movements. Two 

weeks later all of the leaves ·•rere examined and t:1e nu,riber of mites on 

each leaf counted. 

The main avenues available for mite movement are walking from one 

point to another, dropping fro:n the leaves, or being dis!)ersed by air 

currents. Field observations provide::i data on dispersion by ·~ralking, 

and dispersion either by dropping fro,n t'.rle leaves or driftiJ:"1.g in air 

currents was studied in ti1e follo:,ing experi:nent. Tanglefoot was placed 

around t'.:e petiole of a single leaf positioned near the center of a 2 ft. 

high apple seedling on Ju:'1e 20, 195?. The leaf ·,1as then infested with 

50 adult brmm mites. A second seedling of similar size •;-ras also used. 

The main trunk ·,ras di Yl.ded with a piece of •;,rhite cardboard large enough 

to obscure t:1e lo~·rer leaves ••rhile looking do~m fro:n above. Tne cardboard 

barrier was then ringed ·with Tanglefoot. Fifty adult bro;m mites were 
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placed upon a single leaf above the cardboard barrier. The leaf's peti-

ole was then ri!-1ged with Tanglefoot, thus making escape by :,,ralking imp:'Ob-

able. Fo'..ll' leaves above and four leaves below the infested leaf were 

re~oved 37 days later and the nUt~ber of mites per leaf counted. 

; 
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RESULTS 

The initial sampling of 43 trees shmmd that the mites inhabiting 

the spurs during the winter were mostly !• mcgregori or B. or=1etiosa 

with an occasional Tydeid. The average nu.'llber of !• mcgregori per 100 

spurs was 1.19 while .£· oraetiosa averaged 5.54. Brmm mites were ab-, 
sent from 15 of the 48 samples while over one-half of the total ( 266) 

were collected fro:n only b!o samples. Typ:-.lo::-lrom.~ mcgregori was absent 

fro:n 25 of the sa;nples ~vhile t:iree samples contributed 20 of the 57 total. 

The large percentages found L, so fe~, samples suggested a non-ran:iom or 

clumped distribution which ,ras verified by tne Chi-square Goodness of 

F f (T . y2 it test or randomness _. ,:ncgregori .:.:: 
·. 2 

= 138.3, ! .95(47) = 64.0; 

B. oraetiosa f 2 = 2,485, !_2 .95(47) = 64.0). There was no correlation 

between !• rncgregori and 2• oraetiosa a:nong the trees (,t = • 23). 

Plot Samoling. All samples taken from t~e three trees selected 

for more intensive study (~o. 10, 23, 83) -:-.ere tested with the Chi-square 

Goodness of Fit test. The results, with one exce9tion, suggested a non-

random distribution within tl1e trees f-::ir !• mc;,:regori, ~- praetiosa, and 

,g. rubrioculus (Table 1-3). T:r:,hlodromus :ncgregori, collected during 

the second sa:npling replication of tree no. 83 (Table J), was randomly 

distributed ~,:1.en tested at a P = .95 level, but it too ,•.ras non-random at 

the P = .80 level. 

The test for correlation within and a:nong replicated sa,•lples of 

T. mcgre~ori, .£• oraeti.os;:i, and. B. rucrioc1lus resulted in hi.ghly 



Table 1. Nurnbers of mites per sample within tree no. 1 0, with their 
corresponding Chi-square values. 

Mites per Replicated Samplea 

11 

Plot 
Nu.'llber 

tyohlociro:nus 
mcgregori 

Bryobia 
praetiosa 

Bryobia 
rubrioculusb 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

1 

4 

4 

1 

24 

2 

0 

21 

4 

4 

2 

14 

2 

4 

3 

13 

5 

8 

1 

1 

.5 

2 

2 

2 

3 

35 

28 

52 

8 

10 

5 
16 

40 

35 

34 

39 

.52 

Chi-squarec 109.0 33.5 98.5 

1 

1 

0 

20 

2 

4 

19 

1 

1 

3 

2 

16 

114 

2 

9 

1 

5 

26 

0 

142 

J 

12 

749.7 970.1 

3 

88 

142 

1.54 

55 

56 

31 

64 

.SJ 
126 

196 

104 

162 

44.5.0 

as ample 1 was taken bet 1,een :far ch 8 and 10, 1967, sa:n.ple 2 
between March 30 and Anril 3, and sample J bebieen Jur1e 22 a::-id 28. 

b-sryobia rubrioc~lus had replaced .2· oraetiosa in the trees by 
this collection date. 2 cChi-square value from table;~ •95(1 1) = 19.7. 



Table 2. Nu:nbers of mites per sample within tree no. 23, with their 
corresponding Chi-square values. 

Hites per Replicated Sa:nplea 

12 

Plot 
Number 

Typhlodromus 
~cgregori 

Bryobi~ 
-oraetiosa 

Bryobia b 
rubrioculus 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

1.3 

14 

15 

16 

17 

18 

3 

2 

1 

0 

4 

2 

5 

0 

0 

1 

4 

0 

0 

0 

2 

0 

1 

2 3 

5 135 

0 127 

1 50 

0 114 

0 159 

1 172 

1 51 

1 57 
O 34 

3 51 

O 53 

O 52 

2 26 

2 51 

0 62 

O 60 

O 99 

O 156 

Chi-squarec J2.0 35.6 J39.o 

1 

11 

13 

2 

5 
2 

5 
4 

60 

3 

0 

JO 
1 

5 

3 

30 

6 

2 

0 

2 

2 

47 

0 

24 

29 

81 

87 

3 

10 

2 

5 

13 

30 

57 

3 

267 

213 

132 

319 

391 

120 

197 

413 

78 

253 

352 

268 

152 

173 

564 

426 

329 

235 

994.0 

aSamole 1 was taken bebreen ?-1arch 15 and 22, 1967, sa:nple 2 
betweep. April 6 and 10, an::l sa:nple 3 bet,,;een Ju:1e 14 and July 14. 

0 3rvo'oia ruhrioculus had re-olaced 3. nraeti.osa in the trees 
--u- - -

by this collection date. 
CChi-square value from table; ~ 2• 95( 17) = 27.6. 
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Table J. Numbers of mites per sa:nple within tree no. BJ, with their 
corresponding Chi-square values. 

:Mites per Replicatad Samplea 

13 

Plot T;yphlo.Jromus Bryobia Br;yobfa. 
Number mcgref;;o:r-i 2raetiosa rubrioculusb 

1 2 3 1 2 3 

1 0 1 0 0 4 15 

2 0 0 0 0 4 16 

3 0 3 0 3 55 9 

4 0 1 1 21 1 7 

5 2 2 10 4 0 44 

6 1 3 2 0 1 40 

7 2 0 6 29 6 39 

8 3 0 1 63 0 21 

9 2 5 5 4 0 33 

10 10 3 20 7 5 69 

11 8 4 18 5 26 89 

Ch" c • 1-square 45.8 15. O 92.6 303.8 J08.4 87.0 

asample 1 was taken between Harch 1 and 4-, 1967, sample 2 
on March 24, a:1d sa:nole 3 bebreen June 10 and 20. 

bBrvobia rubri~culus had replaced £• praetiosa in the trees 
by this collection date. 

2 
· 

cchi-square value from table; J •95c1o) = 18.3. 
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variable coefficients (Table 4). There was rather high positive corre-

lation (.72 and .93) between the first and the t!:.ird replicated sa:nples 

of!• mcr,regori in trees no. 23 and no. 83, respectively. Correlation 

was also high (.69 and .93) bet,,reen !· ::nc?repori and 1?_. rubrioculus in 

trees no. 10 and no. 83, res;ioctively. Aside from these, all others were 

quite low. Representative specimens from the spurs sa:npled between Feb-

ruary 4 and July 14-were mounted on slides and identified. Initially 

all mites were either adult .I• mcgregori or B. nraetiosa; however in 

April several larvae of B. rubrioculus were 0bserved (Fig. 2). After 

that, the samples -:,e:e still ?l:'i:n.n-ily composed of adult ~- praetiosa, 

but the frequency of B. ru'::lrioculus i,mnatures began to increase. The 

first §_. rubrioc'Jlus adults :,ere collected on '.fay 23. Only!· :ncgregori 

and B. r•J.brioculus were foQv:td from June 15 throu.~h the remainder of tr.e 

growing se&son. ; 

!an~lefoot Strius. Tanglefoot strips girdling t'.'.le base of several 

trees provided. infor:nation concerning t:,e disa?peara'.1ce of _g. uraetiosa 

and t:ie appe2rance of ~. rubrioculus. So:ne of the strips had an equal 

number of mites trapned on the upper and lo"-rer e:!ges; ot:1ers had a high 

concentration on t>.e upper edge with relatively few on the lm,er 

(Fig. J), and otner strips ·,rnre just the opposite (Fig. 4). These re-

sults suggested population move.nents 'ooth u::> and do~m t::-ie trunk. 

All mites ta~en fro:n the upper edge were 2· 2raetiosa (Table 5) 

and those from the lo•,Jer edge ,-rnre g. rubrioculus. The :najority of live 

mites collected fro:n the tr,n1'.,;: bet,_-reen tne Tanglefoot strip a.mi the 

ground were ,g. rubrioculus with only a fe,1 B. 'Jraetiosa. Only eight 

B. rubrioculus and one B. n:ra.et ~osa were found in five cover sa:noles 

collected fro:n 2 to 4 ft. out fro:n the tree base belo'.v ti1e Tanglefoot 



Table 4. Correlation coefficients for T;zphlodro:nus mcgregori, Bryobia 
pr2.etiosa, and Brvobia rubrioculus within and among replicated sa".llples 
of trees no. 10, 23, and 8.3; winter and spring, 1967. 

Sample 
Contrasts 

First Sample 
with 

Second Sample 

Second Sa".llple 
with 

Third Sa:nple 

First Sa:nple 
with 

Third San1:_::ile 

!• 
§_. 

!• 
g. 

Species 
Contrasts 

~ref"o:-i 
with 

praetiosa 

mcgregori 
with 

rubrioculus 

Correlation Coefficients for Sample Contrasts 

Species 

T. mcgregori B. oraetiosa 

10 23 83 10 23 83 

-.20 .11 .39 .07 .41 .23 

.13 -.03 .46 .01 .19 .01 

; 

.04 .72 .93 .34 .22 -.17 

Correlation Coefficients for tie Species Contrasts 

Samples 

First Sa,,1ple Second Sample Third Sample 

10 23 83 10 23 83 10 23 83 

.18 --33 -.01 .05 .09 .JO 

.69 .21 .93 

15 



Fig. 2. Relative abundance of 3ryobia -oraet,iosa and Br::,robia 
rubrioculus in samples collected bebreen Aarch a_-ld July, 1967 • . 



16 

Bryobia praetiosa 

Bryobia rubrioculus 
100 ■ 

90 z 
0 80 H 
E-t 
H 10 Cl) 
0 p.. 60 a 
0 50 
E-t 
&i 40 
0 

ffi 30 
p.. 

20 
10 

MAR MAR APR .A:PR MAY MAY JBNE JUNE JULY JULY 
1 15 1 15 1 15 1 15 1 15 

DATE OF COLLECTION 



Fi g . J. View of a tree trunk base showing mites trapped on the upper 
edg e of t he Tanglefoot strip . 

Fig. 4. View of a tree trunk base showing mites trapped on t he lower 
edge of t he Tanglefoot stripo 

17 



Table 5. A co~parison of mites collected from and adjacent to tie 
Tanglefoot strips. 

Hites collected 

18 

Date and species Trapped in Tanglefoot Collected 
belo~ Tanglefoota 

\ 

June 7, 1967 
E.• Eraet iosa 
E.• rubriocu.J.us 

June 16, 1967 
B. praetiosa 
E.• rubrioculus 

June 27, 1967b 
E.• :eraetios?; 
E.• rubrioculus 

July 12, 196? 
E.• Eraetiosa 
.§.. rubrioculus 

Upp;;r edge 

16 
0 

7 
0 

5 
0 

Lower edge 

0 
4 

0 
4 

0 
13 

aNo mites ~vere observed a1:love the Tanglefoot. 
bNo collections were made from Tanglefoot on this date. 

0 
3 

18 
9 

0 
55 

0 
25 
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strips. These cover samples were collected on July 12. 

Samoling of SD'Jrs and t'.1eir Res,;ective Leaves. Of the 16 leaf sam-

ples collected over a 24 hou:1 period, 1.• mcgregori was represented in all 

except one, b i.lt it was absent in 10 of 16 spur samples (Table 6). A 

total of 640 T. mcgregoi:_~ were re:noved from all of the leaves sanpled 

and only 70 fro:n the s::,urs. 

Bryobi~ ru'orioc-ilus was more evenly distributed between spur and 

leaves 1:-rith 1,220 collectej froJ1 the leaves a:id 1,530 removed from the 

spurs. There appeared to be so":1.e correlation bet•,reen tb1e of day and 

movement of 2.· ~ioculus bet 0 -rnen spurs and lea7es. Examination of the 

"difference 11 colu11n on Table 6 s~gests that in :r1idsu:n .. '1'.ler 3. rubrioculus 

frequents the leaves most of'.:,en between 7 P:1 and midnight and again in 

the early ~orning hours. 

Field Obser·rations. All.£· ruhri~ 1.1lus on t:1e leaves of 15 se-

lected s;rnrs :-rere counted each hour for a 24 h'Jur period on June 22, 

1967. T:?o cycles :•rere observed in ~,rhich there :,ras a gradual increase 

and subsequent decrease in the nu:nbers of 'oro,,m mites observed on the 

leaves. The largest nu.."11:::;ers of ,nites were observed at 6 A>1 and 9 Pi"1 and 

the smallest at 2 E·! and 2 A:1! (Fig. 5). A 12 hour study was :nade of the 

same plots five days later :iuring a period ,,rhen the ~.-;re::i.ther varied con-

si..derably. During periods of relatively calm a:1d sunny weather, the dis-

tribut-\..on of the mites ,,as essenti..ally the same as the previous study; 

however if the leaves ,,;ere distur1-,ed to any extent QY wind or rain, the 

mites quickly moved from the leaves onto the so'Jrs (co,7!pare n"Jc-nbers of 

mites on leaves d'Jri:1g consta:1t a.1::l variable weather fro:n J PI·1 until 

7 P1'1, Fig • 5 ) • 
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Table 6. A 24 hour comparison of the numbers of Tzohlodromus mcgre;:;ori 
and yyobia rubrioculus on spurs and lea.ves; July, 1966. 

Mites per 125 spurs and 625 leaves 

Time T;rQhlodro:nus ~-~,£..8'!..0ri Br;zobia rubrioculus 

Leaves Spurs Difference Leaves Spurs Difference 

6AM 50 0 +.50 1.30 50 +80 

7 50 10 +40 80 90 -10 

8 .50 10 +40 

9 100 10 +90 1.30 150 -20 

10 

11 40 0 +40 80 230 -1,50 

12 Noon 

1 20 0 +20 .50 190 -140 

2 

J .50 0 +50 60 150 -90 
4 

5 70 0 +70 70 70 0 

6 50 0 +50 50 130 -80 

7 .50 0 +50 90 50 +40 

8 .50 10 +40 150 50 +100 

9 
10 10 0 +10 90 90 0 

11 

12 Midnight 0 0 0 110 60 +50 

1 AM 

2 20 10 +10 40 80 -40 

) 

4 10 0 +10 30 40 -10 

5 20 20 0 60 100 -40 

Totals 640 70 +570 1220 1530 -310 



Fig • .5. An hourly c:)17:?arison 0£' m1-11bers of Brvobia rubrioculus 
found 0:1 t:-ie sa:ne leaves during constant and variable weather 
conditions; s:rn.:r:er 1967. 

as A:·! until 12 noon, overcast with intsrrr..ittant light rain. 

b12 noon until 3 P:-~, sun shined continuously. 

c3 PM until 5 ?~·f, s10J overcast but no rain. 

<l6 P.1·1 intermittant heaV'J rain with moderate wind. 
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Seedlin?" Infestation 3:xoerhient. A leaf near the center of a 

small apple seedling was infested ~-:ith 100 a::iult 'oro1m mites on June 7, 

1967 • and within two weeks the :nites had dis:9ersed throughout the entire 

seedling, but the greatest concentration reciained near the point of in-

festation. 

On June 20, 50 adult bro(m mites were placed on a single leaf 

(whose ?etiole had been ringed 1.;ith Tanglefoot) ':Thich was im.rnediately 

above a white card'oo::i.rd barrier. Soon after the mites had been placed 

on t:1e leaf, several droppe:i onto the card:::ioard barrier and beca:ne 

trapped in the Tanglef8ot. Twenty-four hours later, 31 o: the original 

50 remained on the leaf, but after 48 hours only 13 reJ1ained. Thirty-

seven days later there irnre 110 mites on the four leaves abo,1e the card-

board 'oarrie:r- w:1ile the four leaves belo",, it had only 18. Another 

seedling that had been si:nilarly treated, exce2t there :,as no cardboard 

barrier, had. 39 mites on the four leaves b1mediately aoove the infested 

leaf and 244 ::nites on the fo~ leaves bmediately belo~r it. 
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DISCUSSIO:l AND CO?!CUJSIONS 

A survey of an abandoned orchard at Highland in American Fork, 

Utah, was made in Janu;:iry 1957 to deter;nine the relative nu.11bers of the 

overwintering mites present and their :ii.stribution in.thin the orchard. 

1':v:rhlodro:nu~ mca-regori and :g. E:_ae't;_i~ were the most coxnon species 

inhabiting the trees in this orchard d'lring the ,,1inter, 'out their dis-

tribution was a'-Jparently clu:riped since so:ne trees had high numbers of 

mites present whereas others had rather lo-,r nurnbers. There was no ap-

parent reasoa for the clumped distribution, nor w-as there any correlation 

between mite densities and the relative lo~ation of the trees in the or-

chardo The distribution of the clu_'Tlps :,muld hive to be understood before 

the reasons for clumping ,.,rould be evident, and this study does not pro-

vide that tyoe of data. 

Bryobi2_ oraetiosa. Anderson and }forgan (1953) stated tnat £• 

praetiosa never invaded apple trees in 3ritish Colu;nbia (except near the 

base for overwintering), but in central Utah winter samples of bark and 

spurs contained subst,rntial nu.11::iers of brO\m mites. The T,.,inter samples 

consisting of 100 spurs had as :nany as 146 .£· praetiosa per sample; thus 

ti1e spurs :nust provide favorable hibern3.cula for clover mHes. 

'1/hen E.• ,2.raetiosa migrated into the trees during the fall, they 

concent!'ated 0!1 the spurs of t'.'le peripheral branches where they aggre-

gated much more on so:ne spurs than others. The Chi-square Goodness of 

Fit test for randomness suggested that hibernating B. Draetiosa were 
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clwnped within the trees. 101-l' correlation coefficients were obtained 

w:ien analyzing replicated sa:nples -:,rithin the trees (Table 4). Low or 

negative correlation coefficients result from s~all values of one series 

being associated with large values of another series or large values of 

one series being associated with s,"!lall values of another (Croxton, 1959). 

This is interpreted to ::nean that those plots with low nu..'llbers of brm-m 

mites during the first sa:iroling did not have low ntrnbers when the second 

sanples ·,,.ere taken, and conversely, the plots with large nu.,_noers during 

the first samplin 0 did not have large nu.11bers the second sa.n:;,ling. 

Thus I the low !. values indicated tl-,at so:ne change in distribution had 

occurred bet 1-,een sam?le dates during the winter although movement was 

not observed in the field, nor ·,ras the change described. 

Bryo~ubrioculus. A:1derson and ~1organ (1958) reported t:1at the 

only movement of 2• rubrioculus adults was betr.veen leaves and. spurs, and 

since this species was never found on scaffold limos or tree truQ<S, 

they conclud-::;d that bro~m mites never :nove down the trunk to the ground. 

The Utah mites varied from this considerably since adults and larvae 

were collected alive beloH the Tanglefoot a:1d also from the lower edge 

of the Tanglefoot in the spring. All specimens collected from the loc,rer 

edge of the Tanglefoot :rnre .2· rubrioculus, and so'lle trees had se 0,eral 

hundred mites tra9ped per linear inch of Tanglefoot (Fig. 4, Table 5). 

Since ,£• rubrioculus overi-rinters in the egg stage (Anderson and ~1organ, 

19.58) and the Tanglefoot was placed on the trun'.-< prior to hatching, these 

data indicate that B. rubrioculus must have deposited winter eggs at al-

most ground level on the tree trunks or perhaps even on the cover. 

,!hen t~,e eggs hatched t:ie following spring, the mites became trapped in 

the lower edges of the Tanglefoot while attempting to move up the treeo 
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Cover samples ta~en during the SQ~mer near the base of the tree contained 

eight brm-m mites, indicating that fe:,, £• rubrioculus are in the cover 

du::-ing the SU:Tu7ler. Since they readily droo from the leaves, these few 

mites may have dropped fro,n the tree. 

The apparent difference between this study and the findings of 

Anderson an:l )forgan (1953) may be explained with some speculation by 

Pritchard and :Saker ( 1955). They felt that the many subspecies within 

the whole Praetiosa co::19lex mig~:t result from their parthenogenic repro-

duction. In this case a single m'J.tation could give rise to a local pop-

ulation that differs som.e:1:1at from the parent, at least with regard to 

host relationship, biological develop,nent, and minor morphological 

characters. 

Dispersion of ].. rubrioculus :-ii.thin the tree by walking was sub-

stantiated by field ooservations, while dispersion by dropping from the 

leaves or drifting with air currents ~,ras demonstrated with experimenta-

tion. Brown mites that had been placed on one leaf, whose petiole had 

bee:1 ringed with Tanglefoot, dispersed throughout the seedling within a 

two week period. Since it is im:'.)robable that the mites escaped across 

the Tanglefoot by crawling, the only lllethods available for dispersion 

were drop::_Jing fro:n the leaf or drifting with air currents. Fleschner et 

al. ( 1956) found that spider mites frequently spin do,.m fro:n the leaf on 

a silken thread u..11til air currents carry them ar.1ay. This behavior was 

not observed a:nong brown mites. They merely m:wed to the periphery or 

the 101,er surface of the leaf and drop9ed off. Thirteen of 50 mites 

still remained on the leaf they uere placed on at t11e end of 4-8 hours, 

showing that 37 had dropped. :-lost of the mites dispersed dowmrard by 

dropping, but some moved laterally and uy:rard, most.likely with air cur-

rents. 
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Jorgensen (1964), reported that in Hood River, Oregon, stunmer 

brown mites did not migrate between spurs and leaves; thus, his findings 

agree wlth Anderson and ?forgan ( 1953) who 0vorked in British Columbia. 

The present study suegests that there is considerable movement of B. 

rubrioculus bet·,een leaves a.-ld S)urs eo.ch day in central Utah. Although 

the n~~ber of mites on spurs and leaves is about equal, there appears 

to be s0J1e correlation between ti ~e of day and relative numbers of mites 

found on leaves a:1d spurs (Fig. 5). During ti1e morning and evening hours 

.£• rubrioculus see:n::; to move onto the leaves but retreats bac'c< to the 

spur during the hottest part 'Jf the day and the early morning hours. 

These observations agree with :loesler (1952), and Summers and Baker 

(1952), who also found that _li. rubrioculus spe:'1ds the mjority of its 

time on the spurs and moves to the leaves to feed during favorable peri-

ods of the day. This movement is influenced gre"ltly by changing climatic 

conditions durins the hours of most intensive activity on the leaves. 

It appears that B. rubrioculus favored the leaves during cool times of 

the day when the sun was sHning an:l. moved onto the spurs when disturbed 

by wind or rain. 

Interaction bet,.reen 3ryobia praetiosa and Bryobia r'..l::irioculus. 

Bryobia rubrioculus over,-rintered as eggs in central Utah. Therefore, 

~- nraetiosa was the only free-living 12_ryobia on the trees during the 

winter until April 10 -:vhen larvae and nymphs C?f .£• rubrioculus were 

collected. From April 10 to June 15 the percentage of clover mites to 

brown mites decreased until clover mites were no longer present (Fig. 2). 

The large nu,n'.'.)ers of mites trap:ped in Tanglefoot strips at tie base of 

several trees suggested migration of mites out of, as well as into, the 

trees after ~farch 21 when the first T anglefoot was applied (Fig. 3 and 4). 
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Bryobi~ ~tiosa appeared to move into the trees with the a:'.)proach of 

cold weather to over·winter and t:1en moved back onto the cover in the 

spring. The over",,rintered eggs of 3. ru'orioculus that were on the tree 

trunk, limbs, a,1d spurs hatched in the spring and the resu_lting mites 

completely replaced .2• -::iraetiosa in the trees by late spring • 

.!z2hlodromus ~~gre"'ori. Leetham (1966) sampled cover beneath 

trees, bark, and spurs during the winter a:id fotmd that T. mc1;regcri 
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most frequently over~.;intered on the spurs. In the present study, 1• 
mcgregori was found principally on the spurs during the winter, and on 

the leaves during the spring; therefore, the principal population mo're-

ment seemed to be between tne leaves and the spurs. Correlation analysi.s 

between the first and second r""plicated sa':lples ( within trees no. 1 O, 23, 

and SJ) and. bet~·reen the second an::i third sa,'\?les res;1lted in lo;r or neg-
. 

ati ve _!: values in all cases (Ta'ole 4), which indicated a change in the 

distribution between collection dates. The high correlation coefficients 

between trie first and third sa'.nples for trees no. 23 and SJ suggest that 

1• ~~~r~gor~ had the same type of distribution within the tree in June as 

it did in early :.farch. Perha9s this was a result of the predatory acti·1-

ity of ]'.- mcgr~(2_ri. ~foen predation ceased in the fall, 1.• mc~regor~ 

appeared to move only fro:n the leaves to the spurs for overwintering. 

So:netine after early Harch, _I. mcgregori apparently moved from its ori-

ginal h.ibernacula on the spurs thus causing a change in its original 

distribution and providing the lo~.; r values between the first and second 

samples. This mo-1enent may have been an attempt to find suitable food 

in the early spring, or t:iey may siml:ll,Y :-iave been searching for active 

buds and leaves. As sprir~ approached, they ap?eared to return to'the 

spurs where :nany i!Tl:nature 3. rubrioculus had developedo This movement 



returned them to their original winter and perhaps their previous fall 

distribution. 
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Typhlodromus mcgregori moved primarily bebreen leaves and spurs 

during spring and su.11.111er months. Table 6 gives the results of a 24 hour 

study in Nhich the number of 1'.• :1:c,,-re"'ori found on the leaves was com-

pared with the nu.m'oer found on spurs. The 16 samples taken over a 24 

hour period demonstrated that _!. ,ncgregori spent the majority of its ti.me 

on the leaves rat'.ler than on the spurs, regardless of tirr.e of day. 

This differEd. from 3. ruorioculus which appeared to spend the major por-

tio~ of its tima on the spnrs even though it did make daily trips back 

and forth from the leaves. Field observations in California indicated 

that 'J';yphlodro:nus hi::iisci Chant and T;(Ohlodro:nus li:r1onicus (Garman and 

McGregor) retreated to the sheltered centers of the trees when the tem-

perature ·,ms high during t'.-le day but ret,1rned to the periphery at night 

(Chant and Fleschner, 1960). Boczek (1965) suggested that phytoseiids 

in Poland shm,;ed a change in distribution bet:-reen fall and spring, 2 and 

he was of t11.e opinion tnat there was substantial movement to the south 

side of the trees during warm winter days. An atte::n.pt was :nade to ob-

serve winter movements of .'.r.· ricgrec.i:ori on the spurs during war::n days in 

the field and after being warmed in the laboratory, but mites were not 

observed moving in either case. T:1ere was no indication that either of 

the above movements occurred in populations of 1'.· rncgregori since they 

were found principally on the leaves over the 24 hour period, regardless 

of temperature changes. Because of these differences in distribution 

2Boczek ( 1965) sL1died T:yphloc'.:rornus ab~Jerans Oude:nans, Typhlodromus 
r he nan us ( Oudemans) , Tyohlodro:nus finlandic us ( Oudemans), Typhlcdro:nus 
Pyri Scheuten, Tyohlodro:nus soleiger (Ri~aga), and Phvtoseius ::nacrooilus 
(Banks). 



and activity, the effectiveness of T. mc~re~ori as a controlling agent 

of B. rubrioculus is questionable. 
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The only time the distributions of 1• mcgregori and~ • .:eraetiosa 

overlaped was in the winter w:1en both were inactive; consequently, during 

this tLne predator-prey interaction was rat:1er improbable. Conceivably, 

there could be so;ne preiation during the fall when ~. nraetiosa invades 

the spurs and again in the spring before the clover mites move out, but 

since the overlapping time is so short, the influeni::e of T. mcgregori 

on B. craetiosa populations is probably negligi~le. 
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Sill1:-IARY 

A sampling program was initiated in an abandoned apple orchard at 

Hig:::land in A.c11eric2.n Fork, Utah during the winter, spring, and su..,n_vner of 

1967 to deter4ine dispersion characteristics and distributions of !k,yobia 

praeti?sa, Bryobia rubrioculus, and TyPhlodromus mcgregori, and determine 

possible correlation a'llong them. This infor:nation will aid in t;ie eval-

uation of T. mcgregori as a control agent of B. praetiosa and B. rubri-

oculus. --
Plots were established in selected trees a:1d sampled periodically 

to determine cb.anges in distribution in the tree. Tree trunks ~•rere 

banded with Tanglefoot so that tl:e degree and direction mites moved along 

the trunk could be determined. Sampling s:)tirs and leaves as well as 

field observations provided data concerning move:nent bet"'.-:een leaves and 

spurs, and infesting experi:nental seedlings disclosed the degree and meth-

od of dispersion. 

Bryobia oraetiosa was the most co:nmon mite in the trees during the 

winter, since it used the trees for overwintering, but all clover ,nit es 

left the trees in t:..e spring. Distribution of T. ".11.cgregori and .2• 

oraetiosa is synchronized only in t:1e winter when they are both inactive; 

consequently there is probably little pre:lator-prey interaction between 

them. 

Bryo'oia rubrioculus over· ... intered in t:-ie egg stage in central Utah. 

Most of the eggs were attached to the spurs, but so:ne seemed to oe ovi-

posited as far down t!1e trunk as ground level. ;,J'ith the advent of warm 



weather, the eggs hatc:ied, and the bro;..11 mites moved to the spurs and 

leaves and by late spring completely replaced£• praetiosa. During a 

daily acti v:i.ty cycle, .£!· rubrioculus moved from the spur to the leaves 
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in greatest nu.111bers during early morning and late evening. TyPhlodromus 

mcgregori spent t:1e majority of its tic,e on the leaves; therefore, t:.1.at 

segment of t:1.e brown mite po:;rnlation inhabiting the spurs was essentially 

free from predation. 

T:yphlodromus mc~regori overwintered principally on the spurs, but 

during the su11.'1ler they were most co'.11:non on the leaves. Thus their pri-

mary move:nent occurred bet:-reen leaves and spurs. There was no indication 

that !• :ncgregotl exploited to any degree potential prey on the spurs 

during warm weather, and they moved off the leaves to the spur only to 

hibernate. Differences in the distributions of the predator and prey 

species ma1{e it doubtful that!• :ncgre1,)ri can.,effectively control B. 

rubrioculus or 3. oraetiosa. 
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ABSTRACT 

From January to July, 1 ]67, a study of dispersion and distribution 

characteristics of Tyahlodromus :!l•:::s,;regor~ Chant, Bryobia praetiosa Koch, 

and ~ol?ia rubrioculus (Scheuten) was :nclde in an abandoned apple 

orchard in Hie:hland, hmeric;m Fork, Utah and in the laboratory at Provo, . -
Utah. 

Bryobia praetiosa overwintered on the spurs and other protected 

sites and with the advent of spring rriigrated out of tne tree and back 

onto the cover crop. Coinciding T:rith the movement of .2• praetiosa out 

of the tree was the hatching of winter eggs and .:nat'lration of .2• 
rubrioculus primarily on the spurs out as far down the tru.vik as ground 

level. By the middle of June, ~- rubrioculus completely replaced :3. 

praetiosa on the spurs and leaves. 

The effectiveness of!• ~cgregori as a control agent upon£• 

praetiosa and B. rubrioculus is limited because of t~e differences in 

their distribution during their active stages. 
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