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Abstract.— A review of published and unpublished data for the predatory mite Typhlodromits mcgregori in Utah
and southern California apple growing areas is presented to summarize its role. Typhlodromiis mcgregori was not
found resistant to pesticides and, although usually present with Bryobia rubrioculus, only when Acultis schlech-
tendali was also present was there significant predation on B. rubrioculus. Aculus schlechtendali was considered
the primary host and B. rubrioculus secondary for T. mcgregori. Typhlodromus occidentalis was always found as-
sociated with Tetranychus spp. and often with Eotetranychus and Pronematus ubiquitus in unsprayed orchards.

Certain  phytoseiid  mites  are  specialized
predators  of  phytophagous  mites  and  are
capable  of  controlling  or  suppressing  their
populations  at  low  densities  (Collyer  1964,
Hoyt  1969,  Croft  and  Barnes  1971).  This
potential  for  biological  control  has  prompt-
ed  studies  of  the  native  species  in  many  ag-
ricultural  areas  of  the  world  (Huffaker  et  al.
1969),  and,  although  predator-prey  relation-
ships  vary  in  different  geographic  regions,
similar  associations  are  not  uncommon  in
areas  where  ecological  conditions  are  sim-
ilar.

During  1967-70,  Jorgensen  and  co-work-
ers  (Jorgensen  1968,  Nelson  and  Jorgensen
1968,  Croft  and  Jorgensen  1969,  Leetham
and  Jorgensen  1971,  and  Duke  et  al.  1970)
investigated  predator-phytophagous  mite
relationships  in  Utah  apple  orchards.  They
reported  Typhlodromus  mcgregori  Chant  and
T.  occidentalis  Nesbitt  in  predatory  associ-
ation  with  Bryobia  rubrioculus  Scheuten
and  Tetranychus  mcdanieli  McGregor,  re-
spectively.

Croft  (1970)  found  predator-prey  relation-
ships  in  mountain  apple  orchards  of  south-
ern  California  (Oak  Glen,  near  Yucaipa,  Ca-
lif.)  almost  identical  to  those  reported  in
Utah.  Because  of  this  and  similar  native
vegetation,  he  concluded  that  the  Oak  Glen
environment  was  an  extension  of  the  eco-
logical  type  reported  for  Utah,  and  atypical

of  other  apple  areas  in  California.  His  con-
clusions  were  also  influenced  by  the  com-
mon  occurrence  of  Tet.  mcdanieli  through-
out  Utah  and  at  Oak  Glen.  This  species  is
not  reported  from  other  apple  areas  of  Cali-
fornia  (Barnes  and  Madsen  1961).  These
similarities  allow  for  the  summary  of  both
areas  in  this  single  analysis  and  should  pro-
vide  a  general  understanding  of  the  role  oc-
cupied  by  T.  mcgregori.

Although  different  techniques  were  used,
both  Jorgensen's  group  and  Croft  studied
the  ecology,  bionomics,  and  control  effec-
tiveness  of  T.  mcgregori.  This  paper  presents
additional  data  and  a  summary  of  the  pre-
dator-prey  relationships,  along  with  the  ap-
parent  role  of  T.  mcgregori  in  both  areas.
Although  T.  occidentalis  was  an  effective
natural  enemy  of  Tet.  mcdanieli  in  both  re-
gions,  references  to  this  predator  are  limited
to  comparisons  of  predator  effectiveness  or
possible  niche  overlaps  with  T.  mcgregori
and  their  respective  relationships  to  the  to-
tal  ecology  of  mites  in  the  orchards  studied.

General  Methods

Investigations  in  southern  California  were
conducted  at  Oak  Glen,  an  apple  growing
area  ca  12.9  km  north  of  Yucaipa,  Califor-
nia,  at  the  eastern  edge  of  the  Los  Angeles
basin,  and  included  about  162  ha  of  com-
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mercial  apples  grown  between  1341-1463  m
in  the  San  Bernardino  Mountains.  Pre-
dominant  apple  varieties  in  both  areas  in-
clude  Delicious,  Rome  Beauty,  and  Jona-
than.  Vegetation  types  in  the  southern
California  study  area  were  typical  of  those
in  valleys  of  more  northern  latitudes  in
Utah,  i.e.,  Acer  negundo.  Primus  virginiana,
Pinus  ponderosa,  and  Symphorocarpiis  albiis.

Studies  on  the  effects  of  pesticide  treat-
ments  on,  and  the  biologies  of,  certain  pest
species  had  previously  been  conducted  in
the  Oak  Glen  orchards  (Barnes  and  Madsen
1961).  During  the  summers  of  1968-70,  sam-
pling  studies  emphasizing  both  pedator  and
prey  mite  relationships  were  made.  Seven
unsprayed,  neglected  orchards  and  11
sprayed  orchards,  all  of  the  Delicious  varie-
ty,  were  sampled  at  two-week  intervals
from  13  June  to  24  Oct  1968.  Spur  samples
(50  spurs/  tree)  with  leaves  were  processed
using  Berlese  extraction  methods  and  mites
mounted  for  identification.

During  the  summers  of  1969  and  1970  a
series  of  orchards,  including  one  which  had
not  been  sprayed  for  10  years,  three  which
had  not  been  sprayed  for  3-5  years,  and  one
under  a  commercial  chemical  control  pro-
gram,  were  sampled  at  two-week  intervals
to  determine  population  trends  of  both  pest
and  predatory  mites.  In  samples  from  five
orchards,  20  leaves  were  collected  from  five
locations  of  the  four  compass  zones  in  each
of  five  trees  (80  leaves/tree)  during  the
summer.  All  population  counts  were  made
by  direct  observation  through  a  binocular
microscope  or  from  plates  of  the  mite-
brushing  machine.

In  addition  to  the  field  studies  in  Califor-
nia,  evaluations  of  the  oviposition  rates  and
developmental  times  for  T.  mcgregori  from
egg  to  adult,  when  reared  on  several  erio-
phyid  rust  mite  species,  were  made  in  the
laboratory.  Oviposition  rates/female  pre-
dator  for  an  eight-day  period  (replicated  10
times  ea)  when  confined  on  excised  apple,
peach,  or  pear  leaves  containing  popu-
lations  of  Aculiis  schlechtendali  (Nalepa),  A.
coronutus  (Banks),  or  Eriophyes  pyri  (Pgst.),
respectively,  at  densities  of  ca  200  rust
mites  per  leaf  were  determined.  Devel-
opmental  rates  for  T.  mcgregori,  using  four

replications  with  10  females/  replicated  leaf
when  feeding  only  on  A.  schlechtendali  at
densities  of  200/  leaf,  were  also  measured.
In  all  experiments  the  temperatures
were24  ±  2  C  and  the  RH  30-60  percent.

Li  Utah,  two  types  of  studies  were  con-
ducted.  First,  an  extensive  examination  of
mite  distributions  and  species  associations
was  made  (Jorgensen  1968,  Nelson  and  Jor-
gensen  1968,  Leatham  and  Jorgensen  1971,
Duke  et  al.  1970);  however  these  were  only
correlative  comparisons,  and  no  experiments
were  done  to  measure  specific  associations
between  the  various  predator  and  prey  mite
populations.  Attention  was  not  given  to  the
possibility  that  rust  mites  were  preferred  by
T.  mcgregori.  Second,  the  life  history  of  T.
mcgregori  was  studied  by  Croft  and  Jorgen-
sen  (1969),  using  B.  rubrioculus,  Tet.  mcda-
nieli,  and  Panonychus  ulmi  Koch  as  experi-
mental  food  bases.  Again,  rust  mites  were
not  used  as  food  in  these  experiments.

Results  and  Discussion

Mite  Fauna  at  Oak  Glen
Mite  species  collected  commonly  from

unsprayed  Oak  Glen  apple  orchards  were:
Tetranychidae—  Tef.  mcdanieli.  B.  rubri-
oculus,  and  Eotetranychus  uncatus  Garman;
Phytoseiidae—  T.  mcgregori,  T.  occidentalis,
and  T.  pomi  (Parrott);  and  Tydeidae—  Prone-
matus  ubiqidtus  (McGregor);  Eriophyidae—
A.  schlechtendali;  and  Erythraeidae—  Be-
laustium  sp.  Tetranychus  mcdanieli  was  col-
lected  predominantly  from  commercial  or-
chards  which  were  intensively  sprayed  with
pesticides.  Barnes  and  Madsen  (1961)  noted
the  absence  of  P.  ulmi  from  Oak  Glen,  an
observation  that  was  supported  during  our
work.

Unsprayed  for  Ten  Years.—  Population
levels  of  phytophagous  and  predatory  mites
were  extremely  variable  among  trees  in  this
orchard  during  1969  and  1970,  and  for  this
reason  separate  plots  for  two  different  tree
groupings  are  reported.  In  three  trees  dur-
ing  1969  (Fig.  lA),  B.  rubrioculus  attained
high  population  levels  of  ca  40/leaf  while
only  very  low  populations  of  T.  mcgregori
developed  in  late  season.  In  1970,  mites  in
these  same  trees  showed  similar  population
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trends  for  these  two  species;  however,
brown  mites  only  increased  to  ca  15/leaf
while  T.  mcgregori  was  more  abundant  and
reached  0.8/leaf  in  August  (Fig.  IB).

During  1969  (Fig.  IC)  and  1970  (Fig.
ID),  in  two  other  trees  in  this  orchard,  pop-
ulations  of  A.  schlechtendali  were  present  in
addition  to  B.  rubrioculus  and  T.  mcgregori.
In  these  instances,  B.  rubrioculus  attained
lower  peak  levels  and  T.  mcgregori  exhibited
a  more  marked  numerical  response  as  com-
pared  with  the  situation  when  A.  schlech-
tendali  was  not  present  (i.e.,  compare  data
of  lA  and  B  with  IC  and  D).  Although  Tet.
mcdanieli  was  occasionally  found  in  un-

sprayed  blocks,  it  was  not  collected  in  this
orchard,  nor  was  T.  occidentalis.

Unsprayed  from  Three  to  Five  Years.—
Figures  2A  and  2B  show  the  mean  densities

of  Tet.  mcdanieli-Eotetramjchus  uncatus
(collectively  referred  to  as  Tet.  mcdanieli  in
Figures  2A  and  2B  because  E.  uncatus  was
only  present  at  low  densities)  and  B.  rubr-
ioculus  populations  in  two  apple  orchards
for  the  1969  season.  These  species  were  sep-
arated  temporally;  B.  rubrioculus,  with  an
early  season  distribution,  reached  its  peak
density  in  July,  whereas  the  Tet.  mcdanieli-
E.  uncatus  populations  began  to  increase  in
July  and  peaked  in  late  August  or  early
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Fig. 1. Densities of plant-feeding and predaceous mites in an apple orchard unsprayed for 10 years at Oak
Glen, California: pooled values for three trees during the 1969 (A) and 1970 seasons (B); pooled values for two
other trees during the 1969 (C) and 1970 (D) season.
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September.  The  apple  nist  mite,  A.  schlech-
tendali,  was  present  in  the  trees,  but  ahnost
at  undetectable  levels.  Although  both  T.
mcgregori  and  T.  occidentalis  occurred  in
these  orchards,  T.  mcgregori  did  not  respond
markedly  to  increasing  densities  of  any  tet-
ranychid  species,  whereas  T.  occidentalis
populations  appeared  to  increase  with  in-
creases  in  the  densities  of  Tet.  mcdanieli-E.
uncatus  populations  and  eventually  over-
came  their  populations  before  they  exceed-
ed  three  to  five  mites  per  leaf.

In  the  other  orchard  unsprayed  for  three
to  five  years,  B.  nibrioctilus  occurred  only
at  very  low  densities  (2  mites/  leaf)  and  T.

mcgregori  was  seldom  found  (Fig.  2C).  Rust
mites  were  only  occasionally  observed  in
this  block  (not  plotted  in  Fig.  2C).  In  Fig-
ure  2C  the  tetranychid  mites,  Tet.  mcdanieli
and  E.  uncatus  began  increasing  in  late  July
and  early  August,  with  an  apparent  numer-
ical  response  by  T.  occidentalis.  Predator
populations  increased  to  nearly  3  /leaf  be-
fore  declining  to  a  lower  density  as  prey
became  scarce.  The  tydeid,  P.  ubiquitus,  in-
creased  to  a  density  of  0.6/  leaf  during  the
period  when  the  populations  of  tetranychids
were  greatest.  The  presence  of  both  tet-
ranychids  and  tydeids  appeared  to  provide
prey  for  the  observed  numerical  increase  in

/\

B

\

M A  S

•  aB.  rubrioculus
a  AJ.  mcdanieli
■ •'>>.«■ P.ublquitus
A  A  Aschlechtendal
O  oT.  mcgregori
O  o  T.  occidentalis

Fig. 2. Densities of plant-feeding and predaceous mites in four apple orchards unsprayed for 3-5 years at Oak
Glen, California, during 1969 (A, B, and C) and 1970 (D): represents pooled values for 5 trees/orchard.



370 Great  Basin  Naturalist Vol.  37,  No.  3

the  predator  populations,  as  T.  occidentalis
were  frequently  observed  feeding  on  the  ty-
deids.

In  Figure  2D,  P.  ubiquitiis  populations
attained  2.6/  leaf  and  were  the  major  prey
supporting  the  populations  of  T.  occiden-
talis,  which  increased  to  0.8/  leaf  on  19  Sep-
tember.  In  this  orchard,  Tet.  mcdanieli-E.
uncatus  populations  did  not  exceed  0.3/leaf
during  the  entire  season  and  virtually  no  B.
rubriocuhis  were  observed.

Commercially  Managed  Orchards.—  Fig-
ures  3A  and  3B  illustrate  the  population
densities  of  Tet.  mcdanieli  throughout  the
summers  of  1969  and  1970,  in  a  sprayed  or-
chard  without  any  phytoseiid  mites.  Tetra-
nychus  mcdanieli  exceeded  100/leaf  in  total
orchard  samples  and,  on  occasion,  exceeded
1,000  mites  on  individual  leaves.  If  miticide
sprays  were  not  applied,  intraspecific  com-
petition  for  food  finally  limited  their  in-
creases,  but  only  after  severe  damage  to  the
apple  foliage  had  been  sustained.

During  the  summers  of  1968  and  1969,
over  200  samples  (50  leaf  spurs/sample)
were  taken  from  19  other  sprayed  apple  or-
chards.  Less  than  50  phytoseiid  mites  were
collected  from  the  foliage  of  apple  trees  at
these  sites,  approximately  equal  numbers  of
T.  mcgregori  and  T.  occidentalis.  Most  of
these  predators  were  taken  from  peripheral
trees  which  were  near  native,  unsprayed

vegetation.  Predators  were  encountered
only  late  in  the  growing  season  after  pesti-
cide  residues  were  dissipated.

Although  the  selection  of  sites  and  the
presentation  of  data  in  Figures  1-3  over-
simplify  the  ecological  differences  between
sprayed  and  unsprayed  orchards  at  Oak
Glen,  California,  the  following  species  as-
sessments  were  concluded  from  these  data:

Bryohia  nibriocidus  was  collected  only  in
unsprayed  orchards  and  was  most  abimdant
during  the  early  summer.  Acidns  schlechten-
dali  occurred  at  low  levels  in  unsprayed
plantings  and  varied  greatly  among  loca-
tions  from  year  to  year.  It  was  also  ob-
served  at  low  densities  in  commercial  or-
chards.  Unsprayed  orchards  were  never
observed  where  A.  schlechtendali  occurred
without  B.  rubriocuhis,  although  some  or-
chards  supported  B.  rubriocuhis  only.  Tetra-
nychiis  mcdanieli  was  found  most  com-
monly  in  sprayed  apple  orchards  in  late
summer  when  populations  attained  extreme-
ly  high  densities  and  caused  serious  damage
to  apple  foliage  in  the  absence  of  sufficient
phytoseiid  mites  or  adequate  chemical  con-
trol.  This  species  and  low  densities  of  E.
uncatus  were  also  found  in  imsprayed  trees
where  the  tydeid  mite,  P.  ubiquitus,  was
sometimes observed.

Typhlodromus  mcgregori  was  always
found  in  imsprayed  orchards  where  B.  rubr-

100

50

30

10

5

M M

Fig. 3. Densities of Tetranychtis mcdanieli in a sprayed commercial apple orchard at Oak Glen, California,
during 1969 (A) and 1970 (B); represents pooled values for 5 trees.
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ioculus  occurred.  The  predators  appeared  to
prey  on  this  species,  but  they  did  not  sup-
press  its  densities  significantly.  When  A.
schlechtendali  was  present  with  B.  rubrioc-
ultts,  T.  mcgregori  rapidly  increased  in  re-
sponse  to  the  rust  mites  and  seemed  to  sup-
press  B.  rubrioctdiis  populations  to  a  greater
extent  than  when  rust  mites  were  absent.
With  the  exception  noted  above,  T.  occiden-
talis  was  collected  almost  exclusively  from
unsprayed  orchards  where  it  was  most
closely  associated  with  population  com-
plexes  of  Tet.  mcdanieli,  and  E.  uncatus,
which  were  effectively  maintained  at  low
levels  by  the  predator.  Pronematus  uhiqiii-
tus  also  appeared  to  be  an  adequate  alter-
nate  host  for  T.  occidentalis  in  several  un-
sprayed  orchards.  Although  Hoyt  (1969)  and
Burrell  and  McCormick  (1964)  reported  A.
schlechtendali  as  a  favorable  prey  species
for  T.  occidentalis,  the  predator  was  never
found  in  orchards  at  Oak  Glen  where  only
Rist  mites  or  B.  rubriocidus  were  present.
Only  in  one  case  in  Utah  was  T.  occiden-
talis  found  associated  with  B.  rubrioculus
and  A.  schlechtendali,  and  it  was  in  a  mixed
block  of  apples,  plums,  and  peaches  along
with  high  populations  of  rust  mites  and  Eo-
tetramjchus  carpini  borealis  Pritchard  and
Baker.  We  concluded  from  these  data,  as
did  Burrell  and  McCormick  (1964),  that  B.
rubrioculus  probably  is  not  an  acceptable
prey  for  T.  occidentalis.

These  observations  and  conclusions  in  re-
lation  to  the  bionomics  of  these  species  fol-
low  closely  with  those  of  Croft  and  Jorgen-
sen  (1969)  and  Duke  et  al.  (1970),  who
reported  the  relationship  of  T.  mcgregori  in
close  association  with  B.  rubrioculus  in  un-
sprayed  apple  orchards  in  Utah;  and  yet  T.
mcgregori  did  not  exert  any  significant  con-
trol  of  the  prey.  The  association  of  T.  occi-
dentalis  with  Tet.  mcdanieli  and/or  E.  un-
catus  or  closely  related  species  was  reported
earlier  by  Hoyt  (1969)  for  T.  occidcntalis-
Tet.  mcdanieli,  Schuster  and  Pritchard
(1963)  for  T.  occidentalis-Tet.  pacificus
McGregor  or  Eotetranychus  willamettei
(McGregor),  and  Flaherty  (1967)  for  T.  occi-
dentalis-T.  pacificus  or  E.  williamettei.  In
no  instance,  has  T.  occidentalis  been  report-
ed  as  a  predator  of  B.  rubrioculus,  yet  this

predator  occurs  in  many  geographical  re-
gions  where  B.  rubrioculus  is  found.

One  additional  result  which  provides  in-
sight  into  the  role  of  T.  mcgregori  as  a  pre-
dator  of  orchard  pests  relates  to  its  relative-
ly  high  oviposition  rate  /female  /day  when
feeding  on  each  of  the  three  eriophyids:  A.
schlechtendali  =  2.0  ±  0.2,  A.  coronutus  =
1.9  ±  0.3,  and  E.  pijri  =  2.0  ±  0.1.  The
greatest  average  egg  production  observed
for  a  24-hour  period  was  2.3,  which  prob-
ably  is  close  to  the  maximum  for  this  spe-
cies.  Mean  developmental  time  (egg-egg)  for
four  replications  of  10  T.  mcgregori/
replication  feeding  on  A.  schlechtendali
were  8.5,  8.7,  8.0,  and  8.5  days  for  an  over-
all  mean  of  8.42  ±  0.3  hrs.

The  role  of  Typhlodromus  mcgregori:
a  reevaluation

Typhlodromus  mcgregori  occurs  through-
out  North  America  north  of  Mexico  and  has
been  collected  from  several  native  plants  in
addition  to  walnut,  grape,  fig,  apple,  and
citrus  (Schuster  and  Pritchard  1963,  Duke
et  al.  1970).  Reported  prey  for  this  pedator
includes  Aegijptobia  nothus  P.  and  B.,  Tet.
pacificus,  Eoteteranijchus  boudreauxi  P.  and
B.,  Eriophyes  vites  Pgst.,  E.  williamettei  and
B.  rubrioculus  (Poe  and  Enns  1969,  Schuster
and  Pritchard  1963,  Duke  et  al.  1970).

Croft  and  Jorgensen  (1969)  studied  the
life  history  of  T.  mcgregori  while  it  fed  on
B.  rubrioculus,  P.  ulmi  and  T.  urticae  and
observed  that  it  preferred  B.  rubrioculus  as
compared  to  P.  ulmi  and  T.  urticae.  They
concluded  that  T.  mcgregori  did  not  assist
substantially  in  controlling  the  latter  two
pests  which  occurred  primarily  in  sprayed
apple  orchards  in  Utah.  Even  when  feeding
on  B.  rubriocidus,  which  T.  mcgregori  seem-
ed  most  closely  associated  with  in  un-
sprayed  orchards,  the  rate  of  development
and  oviposition  rates  were  considerably
lower  than  reported  values  for  most  other
phytoseiid  species  which  are  efficient  pre-
dators  of  tetranychid  mites  (McMurtry  et  al.
1970).

Duke  et  al.  (1970)  examined  the  distribu-
tion  of  T.  mcgregori:  (1)  among  apple  or-
chards  in  Utah,  (2)  within  apple  orchards,
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onliauls,  at;<j;rru;attHl  within  onluucls,  nni
lonnK  ilistrihnttHl  within  triors  l>nt  nonnni
lonnK  npon  U\i\i\s,  and  thi"\  st-anhfil
liM\i>s  ni  a  ri'sliiilivo  niannor.  In  all  la.scs.
(h<"  jModatoi  (.lisliihulion  and  .soarc-hinu;  hv-
ha\  ioi  laiK'd  to  ilosfh  roiii'spi>nd  with
niOMMUiMits  and  disti  ilnilions  ol  />.  nihiiih--
tiltis.

Nelson  and  |ori;i«nsiMi  y  h)(iS^  tniihiM  stnd-
\i\\  [\\c  disporsal  anil  ilistrihnlional  associ-
ations  hi'twoiMi  /'.  iiu-^if^i>n  and  B.  nthriiH-
tiltis  anil  tomul  litlli-  or  no  lorndation
lu'twoiMi  pmlators  and  pro\  on  spnis  and
U'a\i"s  limine,  iho  rntiio  Nrar  or  o\im  a
sini;lr  2  l-honr  poiiod.  Hn/ohid  nihiiiHiihis
was  cxliiMnrh  n\ohilr  and  piosont  o\  im  a
>;M'aliM  portion  ol  tlu"  a[>plo  Ivcv  than  was

To  sninuKiri/i",  Ioru,iMisiMi  and  lo  workiMs
listed  throe  taetois  which  eontiilniteil  to  the
i>hser\ed  inability  ot  7".  mcpr^^ori  to  appre-
eiabh'  atteet  or  I'ontrol  populations  of  />.
nihriociilus  in  the  field:  ^l"!  /".  DU'^rr^ori  was
liniiteil  in  its  reprotlnetive  and  ilesttiieti\  e
ability  when  eonipaieil  to  the  reprodneti\e
potential  ot"  B.  nihrioculus  [Croh  and  ]or-
i;ensen  1970);  ['!)  l\  nu-^ir^ori  had  limited
[n>tential  tor  eontiolling  B.  nthhoculus  be-
eanse  ot  ditteienees  in  respeetive  dislribn-
tii>ns  in  orehards,  trees,  and  lea\es  and  the
predators'  restricted  searching  beha\  iiM
vHnke  et  al.  1970^  and  ^3)  T.  mr^ir^oh  had
dissimilar  dispers;d  habits  and  spring  distri-
bntions  as  compared  to  />.  nthrioctihis,
which  was  more  active  anil  present  o\er  a
greater  portion  ot  foliage  and  wood)  areas
ot  apple  trees  ^^Nelson  and  jorgensen  UHSSl

(Considering  the  three  factors  suggested
In  jorgensen  and  co-workers  and  in  light  of
the  data  presented  herein,  w  c>  ean  now
ree\alnato  the  role  of  /'.  ;/j(gr<g()n  as  a  [ire-
dator  of  phvtophagons  mites  in  I'tah  and
sonthern  C^alifornia  apple  orchards.  We
agree  with  Hnffaker  et  al.  yUm)),  who  sng-
gested  that  the  comparative  measnre  of  o\  i-
position  between  hosts  and  predators  is  onl\
one  aspect  of  a  species  rate  of  increase  [r).
and  that  r  is  only  one  component  to  the  to-

tal  pnnlator  response  to  its  pre\  .  l''nnitional
and  nnmeriial  lesponses,  and  the  snb-
tractive  effects  of  preilation,  nnist  be  lon-
sidiMinl  in  measnring  the  net  effect  of  [pre-
ilation  on  a  prev  popnlation.  \Ve  do  not
consider  the  rednced  oviposition  rate  of  7'.
"i(g/(g()n  when  feeding  on  B.  nihhoniltis  to
represent  a  major  limiting  factor  to  its  abili-
t\  to  control  the  latter,  bnt  rather  its  in-
efficieniN  is  more  likeK  explained  In  other
means.

both  Dnke  et  al.  ^970)  and  Nelson  and
Jorgensen  (19(>8)  pointed  ont  that  the  spa-
tial  occnrrence  (^distribution  and  dispersal
mo\'ement)  of  7'.  inc^ir^ori  was  onU'  looselv
associateil  with  that  of  B.  nthrioculus.  If  the
preilalor-[)re\  as,sociation  was  primar\,  this
incongrnity  wonid  be  an  important  factor  in
limiting  effective  predation.  \V'e  now  qnes-
tion  the  a.ssnmption  of  primar\-  a.s.sociation
altogether.

It  is  ajiparent  that  neither  the  I'tah  nor
sonthern  C'alifornia  .strain  of  /'.  ;;i(gng()n
are  [Mimarib  adapted  to  the  spider  mites
i^e.g.  /'.  ulmi,  Tct.  itiiicac,  Tct.  incdiinicli)
which  most  connnonlv  occnr  in  sprayed  or-
chards.  I'eeding  stndics  b\  Caoft  and  ]or-
gen.sen  ^19(i9')  suggested  a  lack  of  a.ssoci-
ation  with  /'.  ulnti  or  7"«7.  tirticoc  for  the
I'tah  strain  and  popnlation  studies  in  both
areas  indicated  little  or  no  association  with
l\t.  lucihniiili.  .Mso,  colonies  of  7'.  //ug/c-
g(>r(  i.\o  poorl\  in  the  laboratory  when
reared  on  l\t.  pacifinis  (B.  .\.  (aoft,  nn-
pnblished  ilatal

The  relationship  between  7".  luc^ir^oii
and  B.  nthrioculus  is  nnilear.  since  both
species  were  consistent  1\  fonnil  together  in
nnspruved  orcharils  dnring  the  growing  sea-
son.  It  is  not  known  whether  this  is  a  pri-
mar\  association  and  B.  ruhriocuhis  is  the
preferred  pre\  ,  oi  a  sc>i'ondar\'  a.ssociation
allowing  for  the  maintenance  of  7'.  /ncgrr-
g(>n'  populations  at  low  levels,  or  an  as.soci-
ation  which  de\elops  alter  [McdatiMS  re-
spond  [o  other  speiies  i^g-.  A-
srhliThti-tuUili).  The  latter  question  seems
most  likeK-  considering  the  reprodnctive
rates  reported  herein  for  7'.  //Kgngcn  when
feeding  on  three  rnst  mite  species,  inclnding
-A.  schli-chtcmiali.  Caoft  and  Jorgensen
^^19(S9)  reported  11.5  days  (egg-egg)  for  do-
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V(;lf)|)rn(;nlal  timcj  and  1.2  <;gj^s/(]ay/f(;irial<;
lor  7'.  }n<iir<'i!()ri  when  IccfJin^  f)n  /i.  ruhrioc
iilus.  Wlicii  preying  on  A.  schlcc.hlcnddli,
lli(;s(.'  predators  developed  about  three  (Jays
lasler  and  (jviposited  c.d  0.8  egj^s/l(Mnale
more  per  (Jay.  Krio[)liyid  mites  also  have
l)e(;n  reporl(;(J  as  ecjiial  to  ar  uuyrc  favoral^le
prey  than  letrany(lii(Js  for  several  (;lher
phytoseiid  sp(;ci(;s  (Chant  1950,  Hoyf  1909,
liiirr(;ll  and  MeCJorrrn'ck  1964;.

Hiillaker  et  al.  (1969j  j^enerali/ed  that
"s(;iri(;  species  of  such  rnites  (e.g.  lirtjohUi
(irhorea)  seem  highly  immune  to  pn-dalcjrs
that  are  so  efficient  against  certain  speci(;s
of  Panontjchus  aruJ  Tetrantjchus.  .  .  ."
(Bnjohia  arhorea  Morgari  and  Anderson  =
H.  ruhrioculuH.)  FY'W  work(;rs  have  re[)ort(;(J
efficient  predation  between  any  phytos(Mi(J
species  and  H.  ruhrioculus  (McMurtry  et  al.
1970),  and  reports  of  poor  preriation  and  re-
production  are  common  (Herbert  1959,  liiir-
rell  and  .McCJorrnick  1964j.  Several  features
of  the  fn(jrj)fiology,  f>ehavior,  and  biology  of
H.  ruhrioculus  may  account  ff>r  this  immu-
nity,  inclu(Jing  the  large  si/e  of  tli<;  a(Jult
mites  (.McMurtry  et  al.  1970;  and  their
higfily  mobile  behavior,  particularly  the
a(Jults  which  spen(J  a  large  portion  of  their
time  on  the  woo(Jy  parts  of  \\i<:  plant,
where  they  lay  many  '-ggs  (.\c-ls(jn  and  jor-
gensen 1968;.

Tijphlodrornus  rncs^raiuni  was  sfdd(;m
foun(J  on  sprayefJ  plantings  in  eitfier  study
area,  altfiough  A.  schUichleruldli  occurred  in
both  unspray<i(J  an(J  commercial  orchards.
Another  contributing  factor  to  its  absence
from  spraye(J  orchards  and  its  replacement
in  many  areas  other  than  Oak  Clen  by  the
[jredator,  7".  occidentalis,  may  be  related  to
a  differential  susceptibility  of  these  two  pre-
fJators  to  pesticides.  T.  occidentalis  has  (Je-
velop(id  resistance  to  many  pesticides  that
are  commonly  applif^d  for  apple  pest  con-
trol  in  most  fruit-growing  ar(ias  where  pesti-
cides  have  been  widely  itsed  (CJroft  and
Jeppson  1970;.  Croft  (iinpiiblished  data;
found  a  California  strain  of  T.  rncijrcfHm  to
be  highly  susf;eptible  to  laboratory  appli-
cations  of  0.5  mg/rnl  sol.  of  t(:;chnical  a/.in-
phosrnethyl  '^96  percent  purity;  when  teste(J
using  the  slide  dip  method.  This  pesticide  is
the  most  common  ins(:;cticide  applied  in

;ip|>lc  orcliards  of  Utah  or  south(;rn  Califor
ni;i  ;iiif|  its  appli(;ation  undrjubt(;dly  contrib
ul<;s  to  the  exclusion  u\  I',  tncijrciuiri  from
sprayed  orchards  in  b(;th  areas.
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