
PAN-PACIFIC  ENTOMOLOGIST
65(2), 1989, pp. 132-145
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Abstract.—  Between  1955  and  1988,  infestations  of  208  exotic  invertebrates
were  discovered  in  California.  The  greatest  number  were  Homoptera,  followed
by  Acari,  Coleoptera,  and  Lepidoptera.  The  majority  came  to  California  from
other  regions  of  North  America  followed  by  the  Pacific  Region  and  Europe.  Since
1980,  there  has  been  an  increase  in  the  rate  of  introduction  of  Diptera,  Hyme-
noptera,  and  Homoptera  and  a  decrease  in  Coleoptera  and  Lepidoptera.  There
have  been  increases  in  the  rate  of  immigration  from  Asia,  Australia,  Europe,  and
the  Pacific  Region  over  the  same  time.  Acari,  Homoptera,  and  Thysanoptera
immigrated  significantly  more  often  than  expected  based  upon  the  number  of
species  worldwide  while  Coleoptera  and  Hymenoptera  did  so  significantly  less
often.

Sixteen  insects  were  targeted  for  eradication  with  Diptera  having  the  greatest
number,  followed  by  Lepidoptera.  Asian  insects,  particularly  dipterans,  were  tar¬
geted  for  eradication  significantly  more  frequently  than  their  proportion  of  the
total  immigrant  fauna.  These  exotic  invertebrates  have  had  and  will  continue  to
have  a  tremendous  negative  impact  on  agricultural  and  urban  pesticide  use,  and
on  California’s  environment.  Future  pest  management  programs  must  take  into
account  this  continuous  immigration  of  invertebrate  pests.

Human  activity  has  been  the  primary  force  rearranging  the  geographic  distri¬
bution  of  animals  and  plants  over  the  last  500  yr.  Thousands  of  organisms  have
been  transported  either  accidentally  or  intentionally  by  man  to  places  they  were
presumably  incapable  of  reaching  on  their  own  (Sailer,  1978;  Beardsley,  1962,
1979;  Turnbull,  1979,  1980;  Stephanova,  1981;  Gillespie  and  Gillespie,  1982;
Hoebeke  and  Wheeler,  1983;  Moran,  1983;  Brown  1986;  Arzone  et  al.,  1987;
Vitousek  et  al.,  1987).

This  man-aided  movement  is  especially  important  to  California.  The  state  is
an  ecological  island  bounded  by  desert,  mountains,  and  ocean.  It  has  a  unique
flora  and  fauna  (Cochrane,  1985)  and  lacks  many  of  the  major  plant  pests  found
in  other  regions  (Dowell,  1985,  1988;  Dowell  and  Krass,  1988).  California  has
over  200  crops,  extensive  native  and  exotic  urban  plantings,  and  large  areas  with
benign  climate  making  it  likely  that  new  phytophagous  arthropods  will  find  ac¬
ceptable  food  and  climate.  Exotic  plant  pests  are  often  extremely  damaging  in
new  habitats  (Moran,  1983;  Dowell  and  Krass,  1988).  In  1978,  exotic  insects
caused  over  $309,000,000  in  crop  losses  in  California  (Papp,  1979).  This  repre¬
sented  62%  of  all  pest  specific  crop  losses  in  the  state  for  that  year.

There  is  a  continuous  invasion  of  exotic  organisms  into  California.  In  fiscal
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year  1986,  over  22,000,000  motor  vehicles  passed  through  Agricultural  Inspection
Stations  at  the  state  borders  with  over  187,000  rejections  because  of  quarantine
violations.  There  were  104  species  of  intercepted  organisms  including  burrowing
nematode,  imported  fire  ant,  Mexican  and  Caribbean  fruit  flies,  European  corn-
borer,  Japanese  beetle,  and  gypsy  moths.  Malaysian,  Mediterranean,  and  Oriental
fruit  fly  larvae  and  pupae  have  been  discovered  in  fruit  mailed  from  Hawaii,  and
in  a  car  shipped  to  California  from  Hawaii.  In  1986,  over  3000  Japanese  beetles,
many  still  alive,  were  found  in  cargo  planes  landing  at  Ontario,  California,  on
flights  which  originated  in  the  Eastern  U.S.

This  paper  examines  the  result  of  this  constant  immigration  of  invertebrates
into  California.  We  have  identified  new  additions  to  our  invertebrate  fauna  from
1955  to  1988.  We  analyze  the  rate  of  introduction,  composition  by  order  and
origin,  and  how  the  composition  has  changed  over  time.  Lastly,  we  explore  how
these  introduced  organisms  have  affected  and  will  continue  to  affect  the  State  of
California.

Criteria  for  Selection

The  following  criteria  were  used  to  develop  a  list  of  newly  established  inver¬
tebrates.  Multiple  individuals  or  life  stages  were  present  when  detected.  They  were
identified  as  a  new  state  record.  If  multiple  introductions  occurred  (e.g.,  the  Med¬
iterranean  fruit  fly)  only  the  first  introduction  was  included  in  our  analysis.  We
excluded  all  organisms  intentionally  introduced  in  biological  control  programs.
We  also  excluded  all  quarantine  incidents.  Thus  wood  borers  found  in  shipping
crates  and  plant  pests  found  on  nursery  stock  were  not  included  since  these  were
either  destroyed  or  denied  entry  into  the  state.  The  origin  of  an  organism  is  that
area  from  which  it  came  to  California,  not  necessarily  the  area  where  it  evolved
(e.g.,  origin  of  Japanese  beetles  found  in  California  is  the  Eastern  U.S.  and  not
Japan).

Source  Data

We  examined  the  following  documents  to  develop  an  initial  list  of  exotic  in¬
vertebrates  known  to  have  established  infestations  in  California  between  1955
and  1988.  (1)  The  Quarterly  Bulletin  of  the  California  Department  of  Agriculture
(volumes  44-56  covering  1955-1967),  (2)  Cooperative  Economic  Insect  Report
of  USDA-ARS  (volumes  5-25  covering  1955-1975),  (3)  Cooperative  Plant  Pest
Report  of  USDA-ARS  (volumes  1-5  covering  1976-1980),  (4)  California  Plant
Pest  and  Disease  Report  of  California  Department  of  Food  and  Agriculture  (CDF  A)
(volumes  1-7  covering  1981-1988).  This  list  was  then  reviewed  by  CDFA  Insect
Biosystematists  to  confirm  the  validity  of  each  entry.

Results  and  Discussion

Infestations  of208  newly  established  invertebrates  were  discovered  in  California
between  1955  and  1988  (Table  1).  The  annual  rate  of  discovery  of  new  organisms
(6.1  ±  3.6  (SD))  is  equal  to  that  for  the  Northeastern  U.S.  and  Eastern  Canada
for  1970-1982  (6.2/year)  (Hoebeke  and  Wheeler,  1983)  but  less  than  that  for  the
U.S.  mainland  for  1910-1980  (11.0/year)  (Sailer,  1978,  1983)  and  Hawaii  for
1937-1961  (14.5/year)  (Beardsley,  1962)  and  for  1962-1976  (18.1/year)  (Beards¬
ley,  1979).  Only  2  yr  (1977,  1981)  had  no  discoveries  of  new  invertebrates  and



134 PAN-PACIFIC  ENTOMOLOGIST

Table 1. List of exotic invertebrates whose infestations were detected in California during 1955—
1988.

Scientific name
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Table 1. Continued.

Scientific name
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Table 1. Continued.

Scientific name
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Table 1. Continued.

Scientific name
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Table 1. Continued.

Scientific name

1 Target of state-mandated eradication program.

only  1963  and  1966  had  more  than  10  (Fig.  1).  The  composition  by  taxon  (Table
2)  for  the  new  arthropods  differs  significantly  from  that  based  upon  the  number
of  species  in  each  taxon  (Borror  et  al.,  1981)  in  the  world  (x  2  =  457.6,  df  =  8,  P

0.001).  Coleoptera  (P  0.001)  and  Hymenoptera  (P  <  0.01)  occur  signifi¬
cantly  less  frequently  than  expected  while  phytophagous  Acari  (P  <  0.001),  Ho-
moptera  (.P  c  0.001),  and  Thysanoptera  (P  <c  0.001)  occur  significantly  more
frequently  than  expected  (Table  1).  Each  of  these  latter  taxons  are  closely  tied  to
plants  throughout  their  lifecycles.  These  data  and  those  concerning  the  increased
immigration  of  tephritid  fruit  flies  indicate  that  most  of  our  new  introductions
are  being  carried  in  or  on  plants.  These  taxon  trends  in  introductions  are  similar
to  those  found  in  Hawaii  (Beardsley,  1962,  1979)  and  the  U.S.  (Sailer,  1978)  for
Coleoptera,  Homoptera,  and  Thysanoptera,  while  differing  for  Lepidoptera  (sig¬
nificantly  fewer  in  all  studies).  Hoebeke  and  Wheeler  (1983)  found  significantly
greater  than  expected  numbers  of  exotic  Hemiptera  and  Homoptera  in  the  North¬
eastern  U.S.  and  Eastern  Canada.

The  rate  at  which  California  is  accumulating  new  invertebrates  is  less  than  that
for  the  U.S.  as  a  whole  or  Hawaii  (Sailer,  1978,  1983;  Beardsley,  1962,  1979).
This  appears  to  be  due  to  the  stringent  exclusion  and  eradication  efforts  of  the
California  Department  of  Food  and  Agriculture  (Dowell,  1988).  Despite  these
efforts  and  those  of  the  USD  A  and  other  governmental  bodies,  large  numbers  of
exotic  invertebrates  are  being  moved  throughout  the  world  (Hamilton,  1983;
Hamilton  and  Langor,  1987;  Belskaya  and  Popova,  1978;  Sturgeon,  1971,  loc.
cit.).
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O NUMBER NEW SPECIES □ NUMBER ERADICATION PROGRAMS

Figure 1. Annual detections of newly established invertebrates and annual number of new erad¬
ication programs in California from 1955 to 1988.

Regional  Analysis

The  largest  number  of  exotic  invertebrates  came  to  California  from  the  rest  of
North  America  (U.S.,  Canada,  Mexico)  (Table  3).  The  Pacific  Region  (mostly
Hawaii),  Europe,  and  Asia  follow  with  the  fewest  coming  from  Africa  and  Aus¬
tralia.  California  received  1.5-4.5  times  as  many  of  its  exotics  from  Asia,  Australia,
and  the  Pacific  Region  than  either  the  entire  U.S.  or  the  Northeastern  U.S.  and
Canada  (Sailer,  1978,  1983;  Hoebeke  and  Wheeler,  1983).  These  figures  reflect
differences  in  the  trade  and  tourist  routes  used  on  the  east  and  west  coasts  of  the
U.S.

There  are  distinct  differences  in  the  origins  of  the  various  taxons  of  exotic
invertebrates  found  in  California  (Table  4).  North  America  accounted  for  the

Table 2. Number of newly established exotic invertebrates by order.

Taxon

1 Based upon n = 16.
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Table 3. Probable origins of newly established invertebrates in California (1955-1988).

Region

1 Based upon number of organisms.
2 Includes Mexico.
3 Includes Hawaii.

majority  of  all  Acari  (55%),  Coleoptera  (86%),  Hemiptera  (100%),  Homoptera
(61%),  Hymenoptera  (75%),  Lepidoptera  (83%),  and  Orthoptera  (83%).  Only  33-
45%  of  all  Diptera,  Mollusca,  and  Thysanoptera  came  from  North  America,

There  have  been  increases  in  the  rate  of  introductions  of  Diptera  (233%),  Ho¬
moptera  (179%),  and  Hymenoptera  since  1980  compared  to  the  previous  decade
(Table  5).  The  rate  of  introduction  of  Coleoptera  and  Lepidoptera  has  declined
(40%  and  67%,  respectively)  during  the  same  period.  Only  one  new  Molluscan
has  been  found  since  1966.  There  are  no  significant  differences  in  the  number  of
new  introductions  in  each  5-yr  interval  (x  2  =  8.2,  df  =  6,  P  >  0.05)  (Table  5).

There  have  been  increases  in  the  rate  of  introductions  from  Asia  (300%),  Aus¬
tralia,  Europe  (300%),  Pacific  Region  (300%)  and  Tropical  America  (150%)  since
1980  compared  to  the  previous  decade  (Table  6).  There  has  been  a  92%  decline
in  the  number  of  introductions  whose  origins  are  unknown  for  the  same  period.

CDFA  staff  have  assumed  that  with  increasing  numbers  of  Asians  moving  to
California  over  the  last  10-15  yr  there  would  be  an  increase  in  the  importation
of  native  foods  and  an  increase  in  the  rate  of  introduction  of  pests  from  that
region.  Both  of  these  events  have  occurred  (Pemberton,  1988)  (Table  6).

Two  trends  in  the  composition  of  exotic  invertebrates  coming  into  California

Table 4. Taxon by region composition of new invertebrates introduced to California.

Order
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Table 5. Order specific introductions by 5-yr intervals.

Taxon

since  1980  are  especially  disturbing.  The  first  is  the  increase  in  the  immigration
of  Asian  and  Australian  insects  (Table  6).  The  second  is  the  increase  of  fruit-
attacking  Diptera  (Table  5).  These  trends  are  heightened  if  detections  of  single
individuals  are  included.  Since  1985,  CDFA  has  trapped  a  single  Queensland  fruit
fly  (Dacus  tryoni)  from  Australia  and  single  specimens  of  Dacus  scutellatus  and
Dacus  sp.  from  Africa,  bringing  the  total  number  of  new  Diptera  since  1985  to
seven  with  all  but  two  from  Asia  or  Australia.  Considering  the  tremendous  po¬
tential  these  fruit  flies  have  to  inflict  crop  losses  and  increase  pesticide  use  (Dowell,
1983,  1985)  these  trends  do  not  bode  well  for  California  in  the  future.

CDFA  Response

CDFA  targeted  16  of  the  208  detected  invaders  for  state  mandated  eradication
programs  (Table  7).  Nine  of  these  programs  were  successful,  six  were  not  successful
and  one  is  still  in  progress.  Six  of  these  organisms  (e.g.,  gypsy  moth,  Oriental  fruit
fly)  have  been  the  objects  of  repeated,  successful  eradication  programs  (Table  7).
Diptera  have  accounted  for  43.8%  of  all  eradication  programs  followed  by  Lep-
idoptera  and  Coleoptera,  Flomoptera,  and  Hymenoptera  (Table  2).  Over  35%  of
all  new  Diptera  were  the  object  of  CDFA  mandated  eradication  programs.  This
rate  is  2.5  to  12.5  times  higher  than  for  any  other  order.

Table 6. Region specific introductions by 5-yr intervals.

Number established years
Region
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Table 7. Status of eradication programs (1955-1988).

Target

1 First introduction for each pest. Subsequent infestations not included in our analysis.

Since  few  other  political  entities  attempt  to  eradicate  new  infestations  of  exotic
pests,  it  is  difficult  to  evaluate  how  California  compares  with  other  states  or
countries.  British  Columbia,  Canada,  attempted  to  eradicate  2  of  43  accidentally
introduced  Lepidoptera  (4.7%)  (Gillespie  and  Gillespie,  1982).  California’s  rate
is  nearly  three-fold  higher.

The  greatest  number  of  eradication  targets  came  from  North  America  with
roughly  equal  numbers  from  Asia,  the  Pacific  Region,  and  Tropical  America.
However,  new  introductions  from  these  areas  became  the  objects  of  CDFA  erad¬
ication  programs  3  to  4  times  more  often  than  those  from  North  America  (Table
3).  A  x  2  analysis  shows  that  new  invaders  from  Asia  are  targeted  for  eradication
significantly  more  often  than  expected  based  upon  their  proportion  of  all  intro¬
ductions  (x  2  =  5.67,  P  <  0.02).  A  similar  analysis  shows  that  Diptera  are  targeted
for  eradication  significantly  more  frequently  than  expected  (%  2  —  22.2,  P  <  0.001).
Not  surprisingly  most  of  the  new  immigrants  from  Asia  have  been  fruit  infesting
Diptera  (Tables  1,  4).

Although  the  average  number  of  eradication  programs  per  5-yr  period  has  risen
consistently  since  1970-1974,  there  is  no  significant  difference  in  the  number  of
programs  started  per  5-yr  period  (x  2  =  5.33,  df  =  6,  P  >  0.05).

Since  1955,  CDFA  has  not  successfully  eradicated  any  Homopteran.  The  success
rate  against  Lepidoptera  is  33.3%  while  those  for  Hymenoptera  and  Diptera  were
50%  and  86%,  respectively.  All  completed  programs  against  Coleoptera  have  been
successful,  with  one  program  in  progress.

Hawaii  deserves  special  mention  as  the  origin  of  exotic  invertebrates  coming
to  California.  A  total  of  14  invaders  originated  in  Hawaii  (Table  1)  which  is  equal
to  or  greater  than  all  other  regions  except  North  America  and  Europe  (Table  3).
Over  73%  of  all  Pacific  Region  invaders  came  from  Hawaii.  These  included  three
fruit  flies  targeted  for  eradication  (Tables  1,  7).  Each  of  these  has  invaded  and
been  eradicated  from  California  2-17  times  (Dowell,  pers.  comm.).  In  many
respects  Hawaii  acts  as  a  staging  area  that  collects  exotic  invertebrates  from  which
they  then  “jump”  to  California.
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Effect  on  California

Introduced  invertebrates  have  a  long  history  of  causing  extensive  crop  damage
in  California.  Before  the  widespread  use  of  resistant  rootstocks,  the  grape  phyl¬
loxera,  Daktulosphaira  vitifoliae,  destroyed  over  46,000,000  grapevines  (Dowell
and  Krass,  1988).  As  late  as  1978,  this  pest  was  credited  with  over  $8,000,000
damage  to  California  grapes  (Papp,  1979).  The  codling  moth  and  Oriental  fruit
moth  caused  $6,365,000  and  $7,782,000  in  crop  losses,  respectively,  in  1978
(Papp,  1979).  The  pink  bollworm  (Pectinophora  gossypiella  )  increased  azinphos-
methyl  use  on  California  cotton  11-fold  within  12  yr  of  its  discovery  to  93,440
kg  of  active  ingredient  (AI)  in  1977.  Dowell  (1983,  1985,  unpubl.  data)  estimated
that  the  fruit  flies  listed  in  Table  7  could  cause  crop  losses  in  excess  of  $694,000,000
per  year  should  they  become  established  in  the  state.  These  are  losses  after  ap¬
propriate  pesticides  have  been  used.

Application  costs  for  these  pesticides  are  estimated  at  $108,525,000  per  year.
Most  alarmingly,  it  is  estimated  that  annual  commercial  pesticide  use  could  in¬
crease  by  1,095,000  kg  AI  per  year  with  annual  residential  pesticide  use  increasing
by  over  4,500,000  kg  AI  against  these  fruit  flies.

In  addition  to  these  costs,  the  presence  of  many  of  these  pests  could  greatly
interfere  with  current  efforts  to  develop  non-insecticidal  controls  for  existing  pests.
Presence  of  the  apple  maggot  could  end  efforts  to  develop  pheromone  confusion
tactics  for  the  codling  moth.  Sprays  needed  to  control  the  apple  maggot  would
overlap  with  the  flight  period  of  the  codling  moth.  Since  apple  maggot  insecticides
are  effective  against  codling  moth  and  since  they  must  be  applied  for  the  maggot,
there  is  little  to  no  incentive  to  develop  alternate  control  technologies  for  the
codling  moth.  Presence  of  the  boll  weevil  could  eliminate  the  use  of  pheromone
confusion  to  control  the  pink  bollworm.  Use  of  pheromone  confusion  and  good
management  practices  have  reduced  pesticide  use  against  this  pest  by  92%  since
1977.  These  insects  share  the  same  flight  period  and  host.  As  with  the  apple
maggot/codling  moth  situation,  pesticides  applied  to  control  the  boll  weevil  will
also  control  the  pink  bollworm.

The  problems  posed  by  these  exotic  pests  are  not  confined  to  agricultural  plant¬
ings.  The  eucalyptus  borer  (  Phoracantha  semipunctata  )  poses  a  serious  threat  to
the  extensive  eucalyptus  plantings  in  California.  Large  scale  deaths  of  these  trees
can  significantly  increase  the  fire  hazard  in  many  areas.  The  fuchsia  mite,  Aculops
fuchsiae  ;  woolly  and  cloudywinged  whiteflies,  Aleurothrixus  floccosus  and  Di-
aleurodes  citrifolip  southern  green  stinkbug,  Nezara  viridula  ;  oak  scale,  Kuwania
quercus',  and  pepper  tree  psyllid,  Calophya  schini  all  pose  significant  problems  to
ornamental  plants.

The  roaches,  Periplaneta  brunnea  and  P.  fuliginosa,  and  the  hornet,  Vespula
germanica,  will  become  pests  of  our  houses  and  persons.  The  Africanized  honey
bee  has  the  potential  of  becoming  a  major  public  health  problem.  Each  of  these
organisms  has  already  caused  or  has  the  potential  to  cause  measurable  increases
in  pesticide  use  by  homeowners.

Conclusions

Exotic  plants  and  animals  have  already  altered  the  California  landscape.  Eu¬
calyptus  trees,  annual  grasses,  yellow  starthistle,  English  sparrows,  starlings,  honey
bees,  cabbage  butterflies,  brown  garden  snails,  house  flies,  German  cockroaches,
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and  Norway  rats  are  examples  of  exotic  organisms  with  which  Californians  deal
on  a  daily  basis.  Most  commercial  crops  including  citrus,  cotton,  English  walnut,
alfalfa,  and  stone  fruits  were  brought  to  California.  As  our  data  show,  this  flow
of  exotic  immigrants  poses  serious  threats  to  current  efforts  to  reduce  both  agri¬
cultural  and  homeowner  pesticide  use,  efforts  to  reestablish  native  plant  com¬
munities  (see  Vitousek  et  al.,  1987,  for  an  example),  and  to  develop  sustainable,
low  input  agriculture.  Based  upon  this  situation  we  conclude  the  following:  (1)
The  immigration  of  exotic  organisms  cannot  be  stopped  but  we  can  prepare  for
their  arrival.  Such  preparation  includes  developing  data  bases  on  the  biology  and
control  tactics  for  potential  invaders.  (2)  An  active  biological  control  program  is
needed  to  seek,  import,  and  establish  natural  enemies  of  these  invaders.  California
has  been  extremely  successful  with  this  tactic.  (3)  Good  pest  management  pro¬
grams  are  needed  to  enhance  naturally  occurring  predators,  and  plant  breeding
programs  are  needed  to  develop  pest  resistant  plant  cultivars.  Through  such  efforts
California  can  and  will  continue  to  meet  the  challenges  posed  by  the  immigration
of  exotic  plant  and  animal  pests.
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