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This publication summarizes 25 years of heretofore unreported
efforts to effect the biological control of prickly pear cacti infesting
rangeland on Santa Cruz Island, situated off the coast of southern
California. To date, partial to substantial biological control of the
pest cacti, Opuntia littoralis (Engelmann) Cockerell, O. oricola
Philbrick, and their hybrids, has been achieved. The principal
biological control agent is a cochineal insect, Dactylopius sp.,
which is native to the southern California mainland. It was intro-
duced to the island free of its principal natural enemies—H yper-
aspis taeniata significanis Casey and Laetilia coccidivora (Com-
stock)—and has multiplied markedly, at the same time destroying
numerous clumps of cacti throughout the island.

Effective range management practices, i.e., eradication of wild
sheep and restrained cattle grazing, have aided the biological con-
trol efforts, and both have resulted in the return and persistence of
annual grasses on formerly overgrazed and cacti-infested grazing
lands.

The coreid bugs, Chelinidea tabulata (Burmeister) and C. vit-
tiger Uhler, were also successfully introduced to Santa Cruz Island
from Texas and mainland California, respectively, but neither
species is thought significant as a biological control agent. The
cactus-feeding phycitids, Olycella junctolineclla (Hulst), Melstara
dentata (Grote), and M. prodenialis Walker, were not successfully
colonized on Santa Cruz Island.
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INTRODUCTION

SanTa Cruz IsLAND lies 25 miles south
of Santa Barbara and 60 miles west of
Los Angeles, off the coast of southern
California. The island is 24 miles long
and ranges in width from 2 to 614 miles.
It is the largest and most rugged of the
four Santa Barbara Channel Islands,
and is the only one in the group that is
divided longitudinally by a central val-
ley (fig. 1). The valley, which follows a
fault line, lies between a steep-sloped
north ridge, which rises to over 2,400
feet, and a more eroded south ridge,
which varies from 1,000 to 1,200 feet in
elevation. Most of the island lies below
2,000 feet elevation (fig. 2). Steep slopes
and sharp ridges characterize the ter-
rain, and steep eliffs, the coastline. Wide
beaches and wave-cut marine terraces
are found, however, at the southern and
western ends of the island. The geology
of Santa Cruz Island was described in
detail by Bremner (1932).

The climate of Santa Cruz Island
apparently has not been studied (per-
sonal communication, P. C. Orr, Santa
Barbara Museum of Natural History).
Definitely Mediterranean in character,
however, it undoubtedly compares fa-
vorably with that of the adjacent coastal
mainland, which is characterized by lim-
ited diurnal and seasonal temperature

1 Submitted for publication November 3, 1966.

fluctuations, rainless summers, and usu-
ally frost-free winters. At equivalent
latitude and longitude, coastal summer
temperatures average 65° to 70° F, and
the annual rainfall, 15 to 20 inches
(Stone, 1964).

Distribution of the native tree and
shrub cover as of 1943 is shown in figure
3. The remainder of the island was
largely given over to grassland and
prickly pear cacti (fig. 4).

The Stanton Ranch, with headquar-
ters in the central valley (fig. 2), occu-
pies approximately 55,000 acres of the
western portion of the island. Cattle
were grazed on Santa Cruz as early as
1865, and were reintroduced following
purchase of the island by Edwin L.
Stanton in 1937 (Hillinger, 1958). The
previous owners’ chief source of income
was from the sale of sheep—a domestic
species which had gone wild, overrun
the island, and overgrazed its grass-
lands. These sheep were thought to have
been introduced initially by early Span-
ish colonists (Hillinger, 1958). Sheep
and cattle thus subsequently competed
for forage.

Sheep eradication and restricted cat-
tle grazing carried out by the Stanton
Ranch have significantly aided biologi-
cal control efforts by reducing overgraz-

2 This paper resulted from studies now associated with Agrieultural Experiment Station Project
H-2002, Biological Control of Noxious Weeds Infesting Agricultural, Recreational, Residential,

and Industrial Areas in California.
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Fig. 1. Aerial relief map of Santa Cruz Island, Santa Barbara County, California.
(Modified from Bremner (1932) by permission of Santa Barbara Museum of Natural History.)
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Tig. 2. Elevations and 1961 to 1964 cactus-insect release sites on Santa Cruz Island.

Fig. 3. Distribution of native tree and shrub cover, also sampling and/or photographic sites
on Santa Cruz Island. The alphabetized site designations reflect the sequence in which these sites
were established during the period 1961 to 1965.
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ing, thus promoting stronger compe-
tition between the cacti and resident
range grasses. During the past decade,
the island has been laced with many
miles of stout, woven and barbed-wire
fencing. The thousands of wild sheep
trapped within the enclosures thus
formed were at first sold commercially,
but in recent years they have sim-
ply been systematically shot. Approxi-
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mately 4,000 sheep were trapped in 1957
alone (Hillinger, 1958).

Other continuing range management
efforts include an attempt to eradicate
the wild boars, which were also intro-
duced to the island by early Spanish
settlers (Hillinger, 1958). These ani-
mals root under or rip through the fenc-
ing and thus allow trapped sheep to
escape.

THE PROBLEM

Two species of coastal prickly pear
infest Santa Cruz Island: Opuntia lit-
toralis (Engelmann) Cockerell (= O.
occidentalis var. littorelis (Engelmann)
Parish) and O. oricola Philbrick. Both
species are common to coastal south-
ern California, including the Channel
Islands, from Santa Barbara County
southward (Munz and Keck, 1959; Phil-
brick, 1964). On Santa Cruz Island, O.
littoralis x O. oricola hybrids are com-
mon, and apparently well outnumber ei-
ther parent species (Philbrick, personal
communication). Infestations vary from
scattered, compact clumps, on the better
grasslands of the central valleys and on
the narrow neck of the island, to dense,
nearly unbroken stands that cover many
of the southfacing slopes of the north
and south ridges (fig. 4). In the past,
severe overgrazing by wild sheep greatly
facilitated the spread of these cacti. On
grasslands denuded by sheep, cactus
pads broken from clumps came into
immediate contact with the soil, took
root, and established many new clumps.

In 1938, during a visit to Riverside,
California, A. J. Nicholson, the noted
Australian ecologist, interested Mr.
Stanton, the owner of Santa Cruz Is-
land, in the Australian program of bio-
logical control of prickly pear cacti.
(See Dodd, 1940, for a comprehensive
review of this program.) Stanton esti-
mated that approximately 40 per cent
of the rangeland of Santa Cruz was
rendered useless by dense infestations
of prickly pear. Shortly thereafter, he

asked Harry S. Smith, of the Depart-
ment of Biological Control, Riverside, to
introduce the cactus moth, Cactoblastis
cactorum (Berg), from Australia, where
it had been so instrumental in prickly
pear control (Dodd, 1940). Professor
Smith attempted to discourage Stan-
ton’s interest in C. cactorum, because
the moths probably would have reached
the mainland once they had colonized on

Fig. 4. Severe infestation of prickly pear
cacti on a south-facing slope at the western end
of Santa Cruz Island, 1961.
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Santa Cruz Island. Since prickly pear
cacti were used as emergency forage
during times of drought by some south-
western ranches, and the fruit and pads
of several species of Opuntia were used
as food in Mexico and, to a small ex-
tent, in the United States (Hunter,
Pratt, and Mitchell, 1912; Johnston and
Tryon, 1914), objections would have
been raised to possible wholesale de-
struction of the plants by the moths.
After visiting the island in 1939, Smith
instead offered to introduce native, cac-
tus-feeding insects to Santa Cruz to
attempt biological control. Despite this
offer, and attempts to realize it, Stan-
ton continued, unsuccessfully, through
1958, to press for the introduction of C.
cactorum. However, neither federal nor
state permission to import this species
was granted.

The present study summarizes 25
vears of previously unreported efforts
to effect biological control of prickly
pear cacti on Santa Cruz Island. The
work deseribed is, in several respects,
unique in the history of the biological
control of weeds. Two men (both now
deceased) who were the earliest expo-
nents of biological weed control in
North America participated directly in
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these investigations. They were Harry
S. Smith, mentioned above, and James
K. Holloway, former leader for Bio-
logical Control of Weeds Investigations,
U. S. Department of Agriculture, Agri-
cultural Research Service. Further-
more, the earliest introductions of cac-
tus-feeding insects from the mainland to
Santa Cruz Island by Smith antedated
by several years the spectacularly suec-
cessful introduction of Chrysolina spp.
to California for the control of Klamath
weed, Hypericum perforatum Linnaeus
(Smith, 1947; Holloway and Huffaker,
1949), generally considered to be the
first attempt at entomological weed con-
trol in North America. Finally, because
of the objections to introduction of C.
cactorum, and because of the unique
insular location of the infestation, this
likely will remain the only large-seale
attempt at the biological control of
prickly pear cacti undertaken in this
country.

Many of the early data have been
derived from correspondence files and
insectary records of the Department of
Biological Control, Riverside, and from
correspondence made available to the
authors by various individuals and
agencies.

BIOLOGICAL CONTROL OF PRICKLY PEAR CACTI®

Resident Cactus Insects

A limited number of phytophagous
insect species were associated with cacti
on Santa Cruz before the biological con-
trol efforts began. Over the years, the
principal ones have been identified. Ob-
viously, they, like their cactus hosts, had
managed to bridge the Channel barrier
an undetermined number of years ago.

Asphondylia opuntiae Felt (Diptera:
Cecidomyiidae), a fruit-infesting spe-

cies of widespread oceurrence through-
out the prickly pear areas of the west-
ern United States and northern Mexico
(Dodd, 1940), was the only cactus-feed-
ing insect noted by Smith during his
initial visits to Santa Cruz Island. The
larvae feed within, disfigure, and even-
tually destroy the immature fruit. Sev-
eral American and Australian investiga-
tors considered this species a limiting

3 Credits for determination of some of the insects mentioned in this section are as follows:
Narnia inornata by J. L. Herring; Ozamia fuscomaculella by W. D. Duckworth; Marmara opun-
tiella by D. R. Davis; Volucella marginata, V. lutzi, V. mezicana, V. nigra, and V. tau by W. W.
Wirth. All persons listed are with the U. S. National Museum, Entomology Research Division,
Agricultural Research Service, U. S. Department of Agriculture, Washington, D. C.
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factor in the reproduction of prickly
pear by seed (Hunter, Pratt, and
Mitchell, 1912; Johnston and Tryon,
1914).

Narnia tnornate Distant (Hemiptera-
Heteroptera: Coreidae), collected by
the authors in recent years on the island,
evidently belonged to the resident
fauna. Smith never noted its presence,
and there is no record of its introduction
to the island. Hunter, Pratt, and
Mitehell (1912) reported its occurrence
in California. Even when abundant, this
fruit-feeding species inflicts little vis-
ible damage; therefore, Hunter, Pratt,
and Mitchell (1912), Johnston and
Tryon (1914), and Dodd (1940) agreed
that N. inornate was of little signifi-
cance as a natural enemy of Opuntia
Spp.

Ozamia ~ fuscomaculella (Wright)
(Lepidoptera: Phycitidae) were reared
from fruit collected on Santa Cruz.
Each solitary larva of this species des-
troys several fruit during the course of
its development (Hunter, Pratt, and
Mitchell, 1912; Dodd, 1940).

Field observations indicated that A.
opuntiae, N. tnornate, and O. fuscoma-
culella are of little importance as biolog-
ical control agents on Santa Cruz
Island.

Marmara opuntiella Busck (Lepidop-
tera: Gracillariidae) oceasionally was
detected mining the subepidermal tis-
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sues of cactus pads on the island; how-
ever, its numbers were few and its
larvae caused only negligible damage.
Described by Hunter, Pratt, and
Mitchell (1912) as being widespread in
Texas, this species evidently is also resi-
dent in California.

The cactus scale, Diaspis echinocacti
(Bouché) (Hemiptera-Homoptera: Coe-
cidae), was first detected on Santa Cruz
by Harold Compere, of the Department
of Biological Control, Riverside, in 1939
(personal communication). Although
this insect was relatively common, evi-
dence of damage was slight, and we be-
lieve that this species plays a very lim-
ited role as a natural enemy of cacti on
the island.

Several Syrphidae commonly breed in
deteriorating Opuntia on Santa Cruz:
Volucella  (Copestylum)  marginata
Say; V. lutzi Curran; V. mezicana
Macquart; V. nigra Greene; and V. tau
Bigot. The first of these scavengers was
reported from Los Angeles and River-
side by Hunter, Pratt, and Mitchell
(1912). Volucella spp. apparently are
associated with decaying cacti through-
out North and South America (Dodd,
1940). They aggravate injuries caused
by primary phytophagous species, and
bring about a more rapid deterioration
of infested prickly pear (Johnston and
Tryon, 1914).

Cactus Insects Introduced for Biological Control*

Biological control of the prickly pear
cacti on Santa Cruz Island was thought
possible if the resident cactus insects
could be supplemented with additional
species introduced from the mainland

free of their own natural enemies. Aus-
tralian researchers had subjected many
native cactus-infesting species to ex-
haustive feeding tests to insure their
safe introduction to Australia for

¢ Credits for determination of some of the organisms mentioned in this section are as follows:
Chelinidea tabulata by R. C. Froeschner, U. 8. National Museum, Entomology Research Division,
Agricultural Research Service, U. S. Department of Agriculture, Washington, D. C.; Beauveria
bassiana by I. M. Hall, Department of Biological Control, Riverside; Olycella junctolineella by
H. W. Capps, U. S. National Museum; Sympherobius barberi, by P. A. Adams, California State
College, Fullerton, and O. 8. Flint, U. S. National Museum; §. bifasciatus by O. S. Flint; Eremo-
chrysa punctinervis by P. A. Adams; Leucopis n. sp. by J. F. McAlpine, Canadian Department
of Agriculture, Ottawa, Ontario; Aegilips sp. (possibly clarimontis) and Pachyneuron mucrona-
tum by B. D. Burks, U. 8. National Museum; P. eros by P. H. Timberlake, Department of Bio-

logical Control, Riverside.
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prickly pear control (Alexander, 1925;
Dodd, 1940). In 1940, Smith received
permission from the U. S. Department
of Agriculture and the California De-
partment of Agriculture to collect and
transport to California, from the vari-
ous prickly pear areas in the United
States, a number of phytophagous in-
sects that were restricted in their feed-
ing habits mainly to the genus Opuntia
of the Cactaceae. Following that per-
mission, living Chelinidea spp., Dacty-
loptus spp., Melitara spp., and Olycella
Junctolineella Hulst were introduced
for the biological control of prickly pear
cacti on Santa Cruz Island.

No life history studies were con-
ducted on the island because of its iso-
lated location. In the discussion that
follows, each species is introduced by a
summary of the life history taken from
the literature.

Chelinidea tabulata (Burmeister)

Chelinidea tabulata (Hemiptera-
Heteroptera: Coreidae) (fig. 5) is pri-
marily a Mexican species which ranges
northward into lower Texas (Hamlin,
1924). Hunter, Pratt, and Mitchell
(1912) considered this and other Che-
linidea spp. to be the “. . . principal in-
sects injurious to Opuntia.” Hamlin
(1924) described all stages and offered
a limited account of its biology.

Eggs in groups of two to 12 are affixed
linearly to the underside of cactus
spines. Incubation lasts from nine to 13
days, and nvmphal development ap-
proximately 58 days (Hamlin, 1924).
From two (Alexander, 1925) to five
(Hamlin, 1924) generations occur an-
nually. Both nymphs and adults feed on
the sap of many species of prickly pear.
Feeding injury is indicated by localized
chlorotic lesions which coalesce under
sufficiently severe attack, and lead to a
general yellowing and structural weak-
ening of plants, accompanied by pad
abscission and sometimes death.

Collection and colonization. Smith
first collected C. tabulata at Uvalde,
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Fig. 5. Adult Chelinidea tabulata.

Texas, on August 10, 1945. He shipped
approximately 50 adults to Riverside, in
a Wardian cage, by Railway Express.
Upon arrival on August 15, the speci-
mens were transferred to a cage with
freshly-cut prickly pear pads, and were
held for rearing in the insectary. These
specimens and all subsequent shipments
of cactus-feeding insects collected by
Smith were processed in quarantine,
and reared in the insectary by Harold
Compere. Later in August, Smith took
another collection to Riverside by car
from Brownsville, Texas. On September
11, 1945, a few reared nymphs were
released on Santa Cruz. Smith re-
marked in a letter dated February 5,
1949, that he thought C. tabulate had
not been established on Santa Cruz, and
he apparently made no additional re-
leases of this species.

On June 8 and 9, 1961, 485 C. tabu-
lata were collected by D. W. Ricker at
Norias, Texas. This shipment arrived
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at the quarantine facility on June 12,
and 250 live adults were recovered. Ap-
proximately 1,400 nymphs were reared
in the insectary by July 13 on locally
collected O. occidentalis Engelmann
and Bigelow.

Five hundred of these fourth- and
fifth-instar nymphs were transported to
Santa Cruz Island on August 15, 1961.
Before this 500-nymph consignment was
released, several nymphs of C. tabulata
were discovered in a canyon 2 miles east
of the ranch headquarters (fig. 2). Sub-
sequent search of the immediate area
yielded considerable numbers of both
nymphs and adults. This probably had
been a site for Smith’s attempted coloni-
zation of C. tabulate in 1945. Further
search for this species in the central val-
ley of the island proved fruitless, and
the 500 nymphs were released 2.2 miles
west of the ranch headquarters on Aug-
ust 17 (fig. 2).

Results. We currently consider C.
tabulata to be of little value as a biolog-
ical control agent. Although introduced
to the island in 1945, this species appar-
ently has spread and multiplied but
little during the ensuing years, and has
caused little detectable damage to the
prickly pear. During a survey of the
phytophagous insect fauna at selected
sample sites (fig. 3) on May 13 to 16,
1966, C. tabulata was detected at several
isolated points, but generally its num-
bers were few and its colonies were re-
stricted in area. Its semisedentary habit
may partially account for its restricted
spread on the island. Alexander (1925)
reported that the adults showed little
propensity for flight. Dodd (1940)
termed the adults “sluggish” and found
C. tabulata unable to compete with
Cactoblastis cactorum, in Australia, be-
cause the bugs would starve rather than
migrate to uninfested prickly pear once
their food supply was destroyed by C.
cactorum.

Chelinidea vittiger Uhler
Chelinidea vittiger (fig. 6) is widely
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distributed throughout the cactus area
of the United States from the Atlantic
to the Pacific coasts and northern Mex-
ico (Dodd, 1940). Hunter, Pratt, and
Mitchell (1912) deseribed all stages of
the insect and briefly discussed its biol-
ogy.

From three to 16 eggs per mass are af-
fixed linearly to the undersurface of
cactus spines. Incubation lasts 12 to 20
days, and nymphal development 41 to 42
days (Hunter, Pratt,and Mitchell, 1912;
Hamlin, 1924). Two generations are
produced annually (Alexander, 1925).
The adults overwinter in the debris
beneath cactus clumps. Both nymphs
and adults feed gregariously on pads of
Opuntia spp. Feeding damage is similar
to that described for C. tabulata.

Collection and colonization. As early
as 1939, Smith mentioned rearing a
mainland-occurring Chelinidea (un-
doubtedly C. wvittiger) for release on
Santa Cruz. However, these specimens
apparently never were introduced to the
island. On August 10, 1945, Smith col-
lected “a few hundred nymphs and
adults” at Uvalde, Texas. These speci-
mens arrived, via Railway Express, at
the Riverside quarantine facility on

Fig. 6. Adult Chelinidea vittiger.
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Fig. 7. Method used to transport Chelinidea spp. Cactus pads alternating with cardboard
separators were skewered on a pointed wooden dowel, and placed in a 1-gallon carton.

August 15, 1945. They immediately
were transferred to pads of freshly-cut
local prickly pear and were held for
rearing in the insectary. On September
11, 1945, reared nymphs were liberated
on Santa Cruz Island. Apparently this
colonization attempt failed, for no men-
tion subsequently was made of this spe-
cies until March 2, 1959, when Hollo-
way, after visiting the island in 1958
and 1959, puzzled over the absence of
C. vittiger, and suggested that it be re-
introduced from the southern Califor-
nia mainland.

During February and March, 1961,
numerous first- through third-instar
nymphs of C. vittiger were collected
from O. occidentalis on the University
of California campus at Riverside.
These nymphs were reared in the in-
sectary to the fourth and fifth instars.
On April 18, 1961, 8,000 late-instar
nymphs and 350 adults were tran-
sported to the island in 1-gallon card-

board cartons filled with pads of O. oc-
cidentalis (fig. 7). These specimens were
released on April 18 and 20, 1961. Four
hundred, 1,800, and 3,700 adults were
similarly colonized on August 7, 1961,
August 14 to 15, 1962, and June 3, 1964,
respectively (fig. 2). On June 3, 600
fifth-instar nymphs were also liberated.

Results. As with C. tabulata, the
authors currently consider C. vittiger to
be of little value as a biological control
agent. The May 13 to 16, 1966, survey
(fig. 3) indicated that C. vittiger was
established at but two locations, both
original release sites. At release sites
where the prickly pear had been killed
by Dactylopius sp., no C. vittiger could
be found, nor had they spread to ad-
jacent living clumps.

Melitara spp.

Two species of Melitara (Lepidop-
tera: Phycitidae) were collected for
use as biological control agents: M.
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dentata (Grote) and M. prodenialis
Walker. M. dentata is distributed from
Kansas to Texas and westward to Utah
and New Mexico; M. prodenialis ranges
from Oklahoma to Texas and eastward
to Florida and New York (Heinrich,
1939). The biology of M. dentata was
desecribed by Bugbee and Reigel (1945),
that of M. prodenialis by Hamlin
(1925).

Eggs of Melitara spp. are laid (from
three to 100) in elongate, stalked
masses, termed “sticks,” which are at-
tached to cactus spines (Dodd, 1940).
Young larvae feed gregariously within
pads, but appreciably disperse as they
mature, migrate to, and infest a succes-
sion of pads (Bugbee and Reigel, 1945).
M. prodenialis has two to three genera-
tions annually; M. dentata produces
only one brood per year (Dodd, 1940).
Plant symptoms of Melitara feeding ini-
tially include chlorosis and swelling of
the infested pads, which become webbed
with silk and littered with frass, fol-
lowed by the decay and desiccation of
excavated pads.

Collection and colonization. The ini-
tial collection of Melitara was made
near Ness City, Kansas, by S. H. Eckley
and W. O. Ridgway, on November 18 to
27, 1942. Six hundred pads, each in-
fested with an estimated 10 to 50 third-
and fourth-instar larvae of M. dentata,
were collected and shipped to Riverside.
On April 26, 1942, Smith recorded that
all specimens were unfortunately lost
as the results of an unspecified disease.

A shipment of M. dentata cocoons col-
lected by M. C. Kramer at Ness City,
Kansas, on August 20, 1943, arrived at
Riverside on September 3. This ship-
ment was followed by a second consign-
ment of cocoons on September 6, 1943.
Several adults which subsequently em-
erged from these cocoons were caged
out-of-doors at Riverside on clumps of
0. occidentalis. As Smith made no fur-
ther reference to these specimens, it is
assumed that they died before they
could be introduced to Santa Cruz.
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Smith and Ernest Mortenson col-
lected Opuntia pads infested with M.
prodenialis mnear Carrizo Springs,
Texas, in early 1945. Four Wardian
cages filled with these pads were sent to
Riverside via Railway Express. They
arrived on August 17. Two additional
Wardian cages containing M. prode-
nialis-infested pads collected by Smith
at Palacios, Texas, arrived at Riverside
on August 20. Smith also sent 29 cocoons
of M. prodenialis on August 10 and 61
on August 15, from Carrizo Springs.
Both parcels arrived at Riverside, by
first-class mail, on August 20. During
his return trip, Smith collected M. pro-
denialis larvae 20 miles east of Douglas,
Arizona, on August 29. Infested pads
and cocoons were caged in the insectary.
Egg sticks laid by adults that emerged
from the cocoons were collected daily.
On September 11, 1945, 19 egg sticks
were transported to Santa Cruz and
were attached (method not recorded) to
healthy cactus pads in an attempt to
establish this species. No additional col-
lections or releases of Me!itara spp. were
recorded by Smith.

On June 13, 1961, three pads infested
with M. prodenialis larvae were col-
lected near La Pryor, Texas, and were
carried by car to Riverside. Seventy lar-
vae were dissected from these pads and
were separated into small lots. Each lot
was caged on pads of local O. occiden-
talis in the insectary. By September 28,
46 cocoons were recovered. These subse-
quently yielded 40 adults. Only three
egg sticks, containing a total of 87 eggs,
were laid by these adults. The 32 larvae
that hatched died shortly thereafter.

Sixty-eight M. prodenialis colonies,
which contained an estimated total of
1,500 larvae, were collected near Agui-
lares, Texas, on June 4, 1962. The in-
fested pads were carried by car to River-
side. The colonies were decimated by
Beauverta bassiane (Balsamo) Vuil-
lemin, and only 22 larvae were reared to
the adult stage. These adults were short-
lived, and only seven specimens sur-
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Fig. 8. Adult Olycella junctolincella, and
three egg sticks laid on spines of Opuntia oc-
cidentalis in the insectary.

vived to be released on Santa Cruz on
September 10, 1962 (fig. 2).

Results. Neither M. dentata nor M.
prodenialis was established on Santa
Cruz Island.

Olycella junctolineella (Hulst)

Olycella junctolineella (Lepidoptera:
Phyecitidae) (figs. 8 and 9) is native to
Texas and Mexico. Adults were de-
seribed by Heinrich (1939); other
stages, and the biology, by Hamlin
(1925).

Eggs are laid in sticks of 25 to 50,
attached to cactus spines (fig. 8). The
eggs hateh in five to 12 days. Larval
development lasts 10 to 12 weeks in sum-
mer and five and one-half months in
winter (Hamlin, 1925). There are two
generations annually. Masses of young
larvae attack the pads upon which they
hatch. The larvae disperse as they ma-
ture, however, and rarely is more than
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one later instar larva found within each
infested pad. Symptoms of larval feed-
ing include chlorosis and swelling of
infested pads, but unlike those damaged
by Melitara spp., these pads are not
webbed externally with silken strands,
and the frass is not ejected, but remains
within the excavations. Mature larvae
cut exit holes, drop to the ground, and
pupate in the litter. Exit holes provide
portals of entry for rot-inciting micro-
organisms and insect seavengers, such as
Volucella spp.

Collection and colonization. Prickly
pear pads infested with O. junctoli-
neella larvae were first collected in the
Laguna Atascosa National Wildlife Re-
fuge north of Brownsville, Texas, on
June 6, 1961. The pads were air-mailed
to Riverside on June 7 and arrived on
June 8. Twenty-six larvae that had

Fig. 9. Opuntia sp. pad cut open to expose a
full-grown larva of Olycella junctolineella.
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emerged en route were caged with
freshly-cut Opuntia occidentalis pads in
the quarantine facility. The remaining
infested pads in this collection also were
held in quarantine.

All told, 18 larvae reached the adult
stage, and laid approximately 1,200
eggs. A few egg sticks were laid on the
cactus spines (fig. 8) but most were at-
tached to the cloth or wooden walls of
the sleeve cages in which the adults were
held. Larvae that hatched from these
eggs were caged in groups of 25, on
freshly-cut pads of O. occidentalis.
Fresh pads were added periodically,
and damaged pads were removed as
larval development progressed.

Approximately 350 second- to third-
instar larvae were released on Santa
Cruz on August 17, 1961 (fig. 2). Larvae
were transported to the island in 1-gal-
lon cartons filled with freshly-cut pads.
Larvae that had not entered pads, or
had vacated them en route, were indi-
vidually transferred to pads of healthy
cactus clumps. Two open cartons filled
with infested pads were placed among
the pads of a healthy elump of cactus.

A second collection of approximately
100 O. junctolineella-infested pads was
made 3 miles north of La Pryor, Texas,
on June 13, 1961. The pads were packed
in cardboard boxes, which were sealed,
placed in ice chests, and taken to River-
side by car. These pads were placed in

"sleeve cages in the quarantine facility.
A total of 82 larvae was recovered, and
approximately 30 were reared to the
adult stage. .

The adults were caged on Opuntia oc-
cidentalis pads. By September 20, they
had laid approximately 1,800 eggs,
which were placed in l4-gallon cartons
with cactus pads. When invaded by the
newly-hatched larvae, the pads were
transferred to individual sleeve cages,
each of which contained several freshly-
cut pads. Pads consumed by the devel-
oping larvae were replaced periodically
by freshly-cut pads.

On November 17, 1961, 312 second- to
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third-instar larvae were colonized on
Santa Cruz. Larvae were transported to
the island in V4-pint cartons filled with
cubes of 0. occidentalis pads cut to a
size too small to allow the larvae to bury
themselves completely. Each carton con-
tained 25 larvae.

A new method of release was em-
ployed. A 3-inch-deep hole was cut into
the edge of an intact Opuntia pad in the
field, by means of a 14-inch diameter
cork borer. The plug of pad tissues was
removed, and a small funnel was in-
serted into the hole. The larva was
placed in the funnel with a forceps,
and guided into the hole. The hole then
was plugged with a 00-size cork. Two
days after this treatment, several pads
were cut open. All larvae were found to
be alive and feeding.

Several collections of 0. junctoline-
ella-infested pads were made in Texas
between May 17 and June 12, 1962. Ap-
proximately 300, 170, 100, and 100 lar-
vae were collected at Catarina, Aguil-
ares, Carrizo Springs, and La Pryor,
respectively. These pads were air-mailed
to Riverside.

The larvae were handled in quaran-
tine as in 1961. Disease greatly deci-
mated these collections, and only six
specimens reached the adult stage. No
0. junctolineella from the 1962 collec-
tions were released on Santa Cruz.

Results. By November, 1961, the
clumps on which larvae had been re-
leased on August 17 showed several eol-
lapsed branches; however, no larvae
were found by dissection.

Forty pads into which larvae had
been inserted on November 14, 1961,
were cut open in Mareh, 1962. No living
larvae were found. Although most dis-
sected pads showed considerable damage
from internal feeding, no evidence of
the extension of this feeding to adjacent
pads was detected. No exit holes were
found. Most excavations were filled with
a viscous fluid which contained the re-
mains of Olycella larvae.

These observations, an absence of
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fresh injury, and lack of either imma-
ture or mature O. junctolineella during
1963 to 1966, led us to conclude that this
species had not been successfully colo-
nized on Santa Cruz Island.

Dactylopius spp.

Several species of cochineal insects,
Dactylopius spp. (Hemiptera-Homop-
tera: Dactylopiidae), were involved in
these studies. Dactylopius spp. are
associated with prickly pear cacti
throughout most areas in the Americas
to which the plants are native. Taxon-
omy of the insects is in doubt, and sur-
prisingly little is known of their bio-
logies. The following generalized ac-
count was taken largely from Dodd
(1940).

A few hundred eggs are laid beneath
the body of each female, which dies
shortly after its egg complement is ex-
pended. The tiny, actively motile, first-
instar nymphs or “crawlers” hatch with-
in hours. The crawlers are dispersed
chiefly by air currents. Once the female
crawler settles and inserts its proboseis,
it remains stationary for life. Its legs
and antennae atrophy during subse-
quent molts, and it becomes essentially
saccate. Adult females are covered with
a white, waxy, flocculent or granular
secretion (plate 2). The male nymphs,
on the other hand, remain motile. When
mature, these nymphs spin cylindrical
cocoons in which they transform to
winged, adult males. Dactylopius spp.
produce several broods per year. The
presence of massed colonies of cochineal
insects presages chlorosis, pad abscis-
sion, subsequent necrosis, and ultimate
collapse of heavily attacked prickly pear
clumps (plate 2).

Identity of Dactylopius sp. colonized
on Santa Cruz Island. The cochineal
insects successfully introduced to Santa
Cruz Island in 1951 (see p. 595) presum-
ably are descendants of specimens of the
so-called “Mexican strain” of D. opun-
tiae Cockerell introduced to Australia
for prickly pear control. The most re-
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cent revision of the genus Dactylopius
(Ferris, 1955) unfortunately failed to
treat D. opuntiae, even though this
species figures so prominently in the ac-
counts of the Australian prickly pear
campaign (Dodd, 1940; Wilson, 1960).
For this reason, we have conservatively
designated the cochineal insect that was
colonized on Santa Cruz Island as “Dac-
tylopius sp.”” The taxonomy of this
genus currently is being investigated by
D. R. Miller, under the direction of H.
L. McKenzie, at the University of Cali-
fornia, Davis, and a specific determina-
tion is deferred until such time as Mil-
ler’s study is published.

Miller (personal communication) re-
cently assured us that the Dactylopius
established on Santa Cruz Island is mor-
phologically identical with specimens
that we collected in the coastal and in-
termediate valleys of lower southern
California. He also indicated that speeci-
mens are known from Hawaii (see p.
595) and Mexico.

‘We believe that the cochineal insects
liberated on Santa Cruz Island stemmed
from specimens collected by Australians
in Mexico in 1927. This colonization cul-
minated a series of introductions from
Mexico to Australia to Hawaii, and
finally to Riverside and Santa Cruz Is-
land, that spanned more than two de-
cades. Interestingly, the natural range
of this Mexican species apparently ex-
tends northward to Temecula, Cali-
fornia, which lies but 40 miles south of
Riverside.

‘We may trace the course of these in-
troductions in the literature. From 1920
t0 1932 the Commonwealth Prickly Pear
Board of Australia imported what they
termed four “strains” of D. opuntiae
from the United States and Mexico: A
“Chico strain,” collected at Chico, Cali-
fornia; an “Arizona strain,” from Tuec-
son; a “Texas strain,” and a “Mexican
strain,” from various locations in Texas
and Mexico, respectively (Dodd, 1940;
Wilson, 1960). The Chico, Arizona, and
Texas strains failed to attack the pest
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Plate 1. Top: Unidentified Opuntia sp. (probably near littoralis) on Santa
Cruz Island, Site A, October, 28, 1963. Bottom: same site on October 1, 1965,
showing result of Dactylopius feeding.
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Plate 2. Top: Opuntia littoralis X O. oricola on Santa Cruz Island, Site B,
April 18, 1961. Bottom: same site on May 26, 1965, showing result of
Dactylopius feeding.
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Plate 3. Top: Opuntia littoralis on Santa Cruz Island, Site F, June 3, 1964.
Bottom: same site on September 29, 1965, showing result of Dactylopius
feeding.
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Plate 4. Top: Opuntia littoralis x O. oricola on Santa Cruz Island, Site G,
October 21, 1964. Bottom: same site on May 14, 1966, showing result of
Dactylopius feeding.
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pear, O. streptacantha Lamarck (Dodd,
1940). In June, 1927, however, Austra-
lian workers introduced D. opuntiae on
0. streptacantha from Mexico. They
liberated this “Mexican strain” in 1928,
and subsequently reported that it read-
ily attacked the naturalized O. strep-
tacantha (Dodd, 1940). Brookes (in
Wilson, 1960), subsequently recorded
what probably was the Mexican strain
of D. opuntiae from O. megacantha
Salm-Reifferscheid-Dyck in South Aus-
tralia.

Ten pads of O. streptacantha
heavily infested with Mexican cochineal
...” were shipped to Hawaii from Aus-
tralia in June, 1949, and the insects
were established in Hawaii for the bio-
logical control of O. megacantha (Ful-
laway, 1954). Their return to North
America frem Hawaii is deseribed below.

The cochineal insects which currently
provide a measure of biological control
of 0. oricola and O. littoralis on Santa
Cruz Island are therefore native to the
California mainland. While their eoloni-
zation on Santa Cruz terminated a ser-
ies of introductions that spanned the
Pacific Ocean, their natural distribu-
tion, in fact, carries them less than 120
miles southeast of the island.

Collection and colonization. The first
species of cochineal insect collected, cul-
tured, and subsequently released on
Santa Cruz Island was identified by
Smith as D. tomentosus (Lamarck).
Specimens were first collected late in
the summer of 1939 at an unspecified
location in southern California. A pure
culture was obtained in quarantine by
isolating crawlers from these field
locations.

Smith’s first visit to Santa Cruz in
mid-April, 1940, also marked his first at-
tempt to establish Dactylopius on the
island. Two additional colonizations
were attempted during 1940, but none
of these efforts apparently was success-
ful. During late May, Stanton sprinkled
D. tomentosus crawlers supplied by
Smith onto cactus pads. Later, in mid-
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August, Smith carried infested pads to
the island during the time of crawler
hatch and transferred a few crawlers
to each pad of a muslin-covered clump
located near the ranch headquarters.
(fig. 2).

Smith collected several Opuntia pads
infested with what he identified as D.
confusus Cockerell, during la‘e July,
1941, near Prescott, Arizona. Cultures
subsequently were established under
quarantine in the insectary. On June 17,
1942, Stanton transported an unspeci-
fied number of D. confusus-infested
pads to the island. Several infested pads
apiece were placed within an unspecified
number of cactus elumps in the eanyon
that lies due north of the ranch head-
quarters (fiz. 2) and that drains the
central valley watershed. Smith subse-
quently noted that these incipient colo-
nies were washed into the ocean during
the following winter, which was charac-
terized by extremely heavy rainfall.

During 1946 to 1951, Smith visited
Hawaii annually. In 1950, he collected
and shipped to Riverside an unspecified
number of Dactylopius-infested pads
of 0. megacantha. This shipment ar-
rived on July 28, 1950, and a culture
was established on pads of local Opuntia
occidentalis under quarantine in the in-
sectary.

On May 2, 1951, approximately seven
large pads heavily infested with prog-
eny of the Dactylopius introduced
from Hawaii were transported to Santa
Cruz by Stanton. Crawlers hatched en
route. One or two infested pads apiece
were placed in cactus clumps covered
with DDT-treated mosquito netting.
The netting subsequently was secured
at the edges with dirt, and a 6-inch-wide
band of Dieldrin was dusted around
each clump. The insecticide protected
these colonies from attack by ants and
coccinellid predators. These coloniza-
tions probably occured just west of the
ranch headquarters (fig. 2). Smith re-
tired from the University the following
July, and no further introductions of
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Fig. 10. Opuntia littoralis (left) and O. oricola (right), on Santa Cruz Island, following
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attack by Dactylopius sp. Note that O. oricola is apparently more resistant. (May 4, 1966.)

the cochineal insects were undertaken.

Mr. M. E. Cravens, Deputy Agricul-
tural Commissioner of Santa Barbara
County, California, provided the first
evidence of the establishment of the
Dactylopius from Hawaii on Santa
Cruz Island. In November, 1955, Cra-
vens observed, described, and photo-
graphed Dactylopius-infested cacti lo-
cated just west of the ranch head-
quarters, probably not far from the
original colonization site. Cravens also
undertook the first redistribution of co-
chineal-infested pads at this time, and
several pads each were placed within
cactus eclumps at many unrecorded loca-
tions in the western portion of the cen-
tral valley.

After visiting the island in mid-1958,
Holloway suggested to Dr. Carey Stan-
ton, Edwin Stanton’s son and the pre-
sent owner of the Stanton Ranch, that
additional distribution be effected. Sub-
sequently, during 1959 and 1960, sev-
eral jeeploads of Dactylopius-infested
pads were widely distributed on the
island by Cravens, Holloway, Fleschner,
and Stanton Ranch personnel. During

late May, 1960, Mr. Pier Gherini, co-
owner of the Gherini Ranch, which oc-
cupies the extreme eastern end of Santa
Cruz Island, sucecessfully colonized Dac-
tylopius sp. at his end of the island by
placing approximately 12 heavily in-
fested pads within cactus clumps at each
of two locations (Cravens, personal
communication).

Results. Since 1951, Dactylopius sp.
has increased slowly but steadily in
numbers and has destroyed considerable
prickly pear cacti on Santa Cruz Island.
These processes continue to the present
date.

Observations from 1961 to 1966 in-
dicated that Dactylopius sp. had spread
throughout the island. It was observed
at all sampling sites during the May 13
to 16, 1966, survey (fig. 3).

Dactylopius sp. was spread mechani-
cally as noted above. Natural distribu-
tion presumably occurred via wind-
borne crawlers (Dodd, 1940). In over-
grazed, sheep-infested areas, the ani-
mals were observed to force their way
beneath Opuntia clumps in search of
grass or shelter. As the sheep emerged
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from these clumps, Dactylopius-infested
pads became matted in the shaggy fleece.
The pads subsequently were jostled
free, to land in contact with uninfested
clumps and to inoculate them with Dac-
tylopius sp. (Cravens, personal com-
munication).

Beginning in 1961, sequential photo-
graphs were taken biannually of se-
lected clumps of prickly pear cacti
to provide evidence of cactus mortality
induced by Dactylopius sp. The loca-
tions of these photographic sites are
given in figure 3. Specimens of both O.
oricola and O. littoralis, as well as their
hybrids, were photographed. Their
identity was confirmed in the field by
Dr. R. A. Philbrick, Botanist, Santa
Barbara Botanic Garden, Inc. The pho-
tographs were taken during the spring
and fall, at similar times of the day, at
the same photographic sites. To assure
the visual continuity of each photo-
graphie series, the composition of each
initial photograph was matched during
subsequent photography.

The choice of cactus elumps to be pho-
tographed was governed largely by the
specimens available in proximity to the
jeep trails that lace the island’s rugged
terrain, and the locations of the speci-
mens relative to other sample sites. The
presence of Dactylopius sp. was con-
firmed at each site, but, of course, the
rapid reproduction of the insects and a
marked deterioration of the cacti could
not be assured.

The results of Dactylopius sp. attack
are shown in plates 1 to 4. Differential
rates of clump deterioration were ob-
served. Apparently, O. littoralis and O.
littoralis x O. oricola hybrids that re-
semble the former species are more sus-
ceptible to Dactylopius attack than is O.
ortcola. This phenomenon is well illus-
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trated by figure 10, showing a clump of
0. littoralis and a clump of O. oricola’
which grew in juxtaposition. The O.
littoralis had been killed by Dactylopius
sp. attack, whereas the O. oricola had
not as yet succumbed. Dactylopius sp.
definitely attacks O. oricole and its hy-
brids; however, O. littoralis is by far the
preferred host.

The current persistence of annual
grasses on formerly overgrazed and es-
sentially denuded grazing lands is due
largely to sheep eradication measures
plus restrained cattle grazing (plates
2 and 4). Several species of range
grasses, including Avena fatue Lin-
naeus and Bromus rigidus Roth,’ oceur
on these lands and have invaded areas
formerly occupied by cacti. The con-
servation of this grass cover by
restricted grazing has substantially
curbed the spread of Opuntia spp.
Fallen pads held aloft by the grasses
cannot take root, and vegetative pro-
pagation is curtailed. During the late
winter and the spring growth periods,
these grasses also compete directly with
cacti for water and nutrients. Cacti not
weakened by insect damage are formid-
able rangeland competitors (Wilson,
1953) ; however, Dactylopius injury un-
doubtedly has reduced the competitive
advantage of the cacti in favor of these
pioneer grasses.

Dactylopius sp. thus is considered to
be the prime biological control agent
now operative on Santa Cruz Island.
Control of O. littoralis and the O. littor-
alis x 0. oricola hybrids, which resemble
the former species, is best assessed as
“substantial.” Partial eontrol of O. ori-
cola and hybrids near this species has
also been effected.

Natural enemies’ of Dactylopius sp.
That a phytophagous insect imported

5 Determined by R. A. Philbrick, Santa Barbara Botanic Garden, Inc.

¢ Determined by O. F. Clarke, Department of Life Sciences, University of California, Riverside.

7 Credits for determination of some of the insects mentioned in this section are as follows:
Sympherobius barberi by P. A. Adams and O. 8. Flint; 8. bifasciatus by O. S. Flint; Eremo-
chrysa punctinervis by P. A. Adams; Leucopis n. sp. by J. F. McAlpine; degilips sp., Pachy-
neuron mucronatum, and Spilochalcis flavopicta by B. D. Burks; Pachynewron eros, Hippodamia
convergens, H. quinquefasciata punctulata, Hyperaspis taeniata significanus, and Homalotylus
affinis by P. H. Timberlake; Laetilia coccidivora by W. D. Duckworth.
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Fig. 11. Sympherobius barberi. Left: larva; right: adult.

for weed control should be free of its
natural enemies is a basic prineiple of
biological weed control (Wilson, 1949;
Huffaker, 1957). The depredations of
natural enemies of cochineal insects
were early recognized by Hunter, Pratt,
and Mitehell (1912), who at the time
viewed cacti as innoxious, and cactus-
feeding insects as noxious, and by the
Australian  Prickly-Pear Traveling
Commission, who anticipated the use of
these insects in biological control:
“These wild cochineal insects are evi-
dently controlled to a great extent by
various predators and parasites and
therefore the Commission did not see
the full destruction that they might
cause had these controlling aspects been
absent.” (Johnston and Tryon, 1914.)

Consequently, this principle dictated

that cochineal insects be introduced to
Santa Cruz Island free of their main-
land-occurring natural enemies. Once
established on the island and protected
from their natural enemies by the spa-
tial barrier of the Santa Barbara Chan-
nel, these insects could freely multiply,
concomitantly damaging their cactus
hosts within the limits imposed by the
remaining biotic factors and the abiotic
factors that constituted the Channel
Island environment.

The principal components of the na-
tural-enemy complex associated with
Dactyloptus spp. on the southern Cali-
fornia mainland have been defined. The
natural enemies of the cochineal insect
that was colonized on Santa Cruz Island
were identified, as were the natural ene-
mies of Dactylopius spp. collected at
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mainland locations at a latitude similar
to that of Santa Cruz Island. These
insect enemies were reared from insec-
tary cagings of field-collected, Dacty-
lopius-infested cactus pads unless other-
wise noted.

Several lacewings are predators of
southern California cochineal inseects.
Sympherobius barberi (Banks) (Neuro-
ptera: Hemerobiidae) (fig. 11) is by far
the most common species, and was easily
reared from infested pads collected both
on Santa Cruz Island and at various
locations on the California mainland.
Only a single specimen of S. bifasciatus
Banks was taken in mainland collec-
tions. A few specimens of the common
western species, Eremochrysa punctin-
ervis M’Lachlan (Neuroptera: Chry-
sopidae), were also reared from Dacty-
lopius-infested pads collected on Santa
Cruz Island.

The predaceous larvae whose adults
were identified as Leucopis n. sp. (Dip-
tera: Chamaemyiidae) (fig. 12) were
also commonly associated with Dacty-
lopius spp., both on the California main-
land and on Santa Cruz Island. Three
species of parasites were reared from
puparia of Leucopis n. sp. isolated from
mainland collections: Aegilips sp. pos-
sibly clarimontis Kiefer (Hymenop-
tera: Figitidae); Pachyneuron mucro-
natum Girault (Hymenoptera: Ptero-
malidae) ; and P. eros Girault. The latter
species was also reared from Leucopis
n. sp. puparia isolated from Santa Cruz
Island collections.

Two species of predaceous Coccinel-
lidae were collected as adults on Santa
Cruz from cactus pads infested with
Dactylopius sp.: Hippodamia conver-
gens Guerin-Meneville and H. quinque-
fasciata punctulata LieConte. Both spe-
cies are also common to the California
mainland (Essig, 1926).

Two predaceous species, however,
were commonly encountered in main-

land collections, yet were conspicuously

absent from Santa Cruz Island: Hyper-
aspts taeniata significanus Casey (Co-
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leoptera: Coccinellidae) (fig. 13) and
Lacetilia coccidivora (Comstock) (Lepi-
doptera: Phycitidae) (fig. 14). Both
species were reared from pads infested
with the same species of Dactylopius as
that introduced to Santa Cruz Island.
The distribution of L. coccidovora in
southern California apparently coin-
cides closely with that of its cochineal
host. The larvae of H. taeniata signifi-
canus were parasitized by Homalotylus
affinis Timberlake (Hymenoptera: En-
cyrtidae). Spilochalcis flavopicta (Cres-
son) (Hymenoptera: Chalcididae) was
reared from Dactylopius colonies in-
fested with L. coccidivora larvae; how-
ever, its host was not positively iden-
tified. Burks (personal communication)
noted that this species should be a pri-
mary or secondary parasite of Lepidop-
tera.

Despite all precautions, the Santa
Barbara Channel was bridged by sev-
eral species of predators. These insects
probably had invaded the island, un-
aided, at an early date, although their
inadvertent introduction during the
course of these studies cannot be posi-
tively ruled out. Interestingly, the ex-
clusion from Santa Cruz Island of but
two species of predators, L. coccidivora
and H. taeniata significanus, both of
which are significant mainland preda-
tors of Dactylopius sp., apparently has
facilitated the rise of the cochineal
population density to its present de-
structive level.

All insect enemies of Dactylopius spp.
apparently are predators. Aside from
the speculative allusion to “parasites”
of cochineal insects by Johnston and
Tryon (1914), we have found only one
parasite record. Formicencyrtus thor-
eauins Qirault was described (Girault,
1916) “. .. from two females on tags in
the U.S.N.M. collections. . . . On coccus
[sic] confusus. Mesilla Park, New Mex-
ico. Cockerell. Emerged December 14,
1896. . . .” Muesebeck, Krombein, and
Townes (1951) and Thompson (1944)
list F. thoreauins as a parasite of Dacty-
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Fig. 12. Leucopis n. sp. Top: larva; bottom: adult.
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Fig. 13. Hyperaspis taeniata significanus. Top: larva; bottom: adult.
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Fig. 14. Laetilia coccidivora. Left: larva; right: adult.

lopius spp., and both cite only Girault
(1916). The reviews of Hunter, Pratt,
and Mitchell (1912), Alexander (1925),
and Dodd (1940) listed only predators
of Dactylopius spp. Furthermore, the
cochineal predators, Saluria ardiferella
Hulst and Hyperaspis cruenta LeConte,
were recorded from Mesilla Park, New
Mexico (Hunter, Pratt, and Mitchell,
1912), and it is likely that one of these
species or some other insect associate of
D. confusus was the true host of F.
thoreauina.

Smith was well aware of the fact that
Dactylopius spp. lacked parasitic na-
tural enemies. On August 14, 1944, in a
letter to an entomologist who had sent
him specimens of an insect presumed to
be parasitic on Dactylopius, Smith re-
plied:

‘When I received your letter of

August 10 stating you had reared a

parasite from the cactus mealy bug
[sic] T was very much surprised
and elated, because I have been
looking for such a parasite for a
good many years and have handled
hundreds of thousands of mealy
bugs [sic] and had not succeeded.

‘When I received the specimens,
however, I was disappointed be-
cause they are a species of Pachy-
neuron, which supposedly had de-
veloped on the little fly Leucopis, a
common predator on this mealy
bug [sic].

‘We too have failed to discover a par-
asite of Dactylopius spp. Parasites as-
suredly were reared, but in all but one
instance, as noted above, they were posi-
tively identified as parasites of preda-
ceous species that infested the cochineal
colonies.
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DISCUSSION

The partial to substantial control of
Opuntia spp. attained to date on Santa
Cruz Island lends additional credence
to arguments for the continued and ex-
panded employment of the biological
method of weed control (Wilson, 1949,
1964; Huffaker, 1957, 1964; Holloway,
1964). Not only has the efficacy of the
method again been demonstrated, but
several observations of ecological note
relative to entomophagous insect: phyto-
phagous insect: host-plant interrelation-
ships have also been reported.

The capacity of phytophagous insects
to regulate the abundance of their plant
hosts was demonstrated by the cochi-
neal-induced destruction of cacti on
Santa Cruz Island. Wilson (1949, 1964)
and Huffaker (1957, 1959) discussed
the role of insects in plant ecology and
cited several instances (notably past
successes in biological weed control, but
also excerpts from the general ecological
literature) wherein natural enemies
were reported to regulate plant abun-
dance and plant community composi-
tion. These workers also reviewed and
debated the reasons for the greater
abundance shown by some introduced
weeds in alien environments. Wilson
(1964) rightly questioned the marked
tendency for such discussion to center
on the physical environment and thus
tend to minimize the role of recognized
biotic influences, including natural ene-
mies, currently the stock in trade of bio-
logical weed control:

In a situation in which one can
point to many possible biotie factors
(differences in natural enemies,
plant competitors, grazing, farm-
ing practices, ete.) to account for
greater importance of a weed in a
new ecountry, it is unjustifiable,
without sound, demonstrable rea-
son, to assume a more favorable
physical environment.

The similarity of abiotic influences on
Opuntia oricola, 0. Uttoralis, and
Dactylopius sp. inhabiting both Santa
Cruz Island and the adjacent southern
California coastal mainland affords us
a unique opportunity to isolate and as-
sess the importance of biotic factors,
taken as a whole, in determining the
abundanece of the introduced cacti and
cochineal insects. Both coastal mainland
and adopted island habitats have essen-
tially the same macroclimate (a physical
factor given the most attention as a
determinant of alien organism abun-
dance by Wilson and Huffaker). Fur-
thermore, the edaphic (nutritional ade-
quacy, pH, structure, texture of the soil
substrate) and topographical (slope,
exposure) requirements of 0. oricola
and 0. littorelis certainly are satisfied
in both locales. To an appreciable de-
gree, then, relative differences in cactus
and cochineal densities mirrored dis-
similarities of biotic influences in coastal
mainland and insular southern Cali-
fornia.

Prior to the introduction of Dacty-
lopius sp., the cacti inhabited two geo-
graphically isolated areas in southern
California which share essentially the
same abiotic environment. On Santa
Cruz Island, however, removal of plant
competition by overgrazing, plus free-
dom from deleterious insects, promoted
cactus densities of pest proportions,
whereas, along the California coast these
same cacti are of “much lower density”
(R. N. Philbrick, personal communica-
tion) within their natural ranges on
south-facing slopes to elevations of 500
feet.

Huffaker (1957) emphasized that the
greater favorability of the adopted en-
vironment might also enhance the
chances for weed control by an intro-
duced phytophagous insect. Thus, the
previous conjecture concerning the
causes of differences in the population
densities of island- and mainland-in-
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habiting prickly pear cacti can be ex-
tended to an assessment of the relative
densities of mainland and island Dacty-
lopius sp. populations. The exclusion of
important constituents of the mainland
predator complex of Dactylopius sp.
from Santa Cruz Island apparently has
promoted a rise in the population den-
sity of the introduced cochineal insects
to their present destructive level. Sig-
nificantly, field observation indicated
that natural stands of O. oricola and O.
littoralis along the coast of lower south-
ern California support far fewer colo-
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nies of Dactylopius sp., and that these
colonies invariably show evidence of
considerable predator activity.

In summary, we believe that the con-
siderable measure of biological control
of prickly pear cacti now evidenced on
Santa Cruz Island is largely a result
of the manipulation of certain biotic
factors: primarily, the introduction of
a destructive natural enemy; second-
arily, the initiation of better range
management (a regeneration of plant
competition through sheep and boar
eradication and restricted grazing.
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