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Part 1. Comparative Life History and Life Table Studies

Life history studies first were conducted for the prey, the avo-
cado brown mite Oligonychus punicae (Hirst), and the predators,
the phytoseiid mite Typhlodromus floridanus (Muma) and coc-
cinellid Stethorus picipes Casey, in an insectary chamber on ex-
cised Persea indica Spreng leaves. Both mite species developed at
a faster mean rate than did S. picipes. A life table was constructed
for each species from the life history data. Despite a shorter ovi-
position period than that of either predator, O. punicae not only
laid more eggs/female per day, but also had a higher mean-age
specific fecundity rate. The intrinsic rate of increase, 7,,, was high-
est for O. punicae (0.222), followed by T. floridanus (0.159) and
S. picipes (0.121).

In feeding tests, T. floridanus females indicated a significant
preference for the egg stage of O. pumicae. In contrast, females
of . picipes did not show a significant preference for a particular
life stage of O. pumicae. Assuming no problem whatever in find-
ing prey (an inapplicable assumption for field situations), an
arithmetic model was generated from the 7, values, fecundity, and
the prey consumption rate of T. floridanus. At an initial ratio of
10 prey to 1 predator, this model indicated that T'. floridanus prey-
ing on O. punicae eggs could annihilate such a population of O.
punscae within 13 days.
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The Dynamics of Predation of Stethorus picipes
(Coleoptera: Coccinellidae) and T'yphlodromus
floridanus on the Prey Oligonychus punicae
(Acarina: Phytoseiidae, Tetranychidae)'

I. Comparative Life History and Life Table Studies

INTRODUCTION

THE FUNDAMENTAL STUDIES reported
herein provide a basis for evaluating
and eomparing the potential for Typhlo-
dromus floridanus (Muma) and Ste-
thorus picipes Casey to suppress and
regulate Oligonychus punicae (Hirst)
populations.

The avocado brown mite, O. punicae,
is one of the most ubiquitous arthropod
pests infesting avocado in southern Cal-
ifornia. This tetranychid is restricted
in its North American distribution to
subtropical southern California (Ebe-
ling, 1959). Pritchard and Baker
(1955) suggested that 0. punicae is
tropical Asian in origin and was intro-
duced into California via Central
America. Based upon 4 years of field
studies on the population dynamics of
0. punicae, McMurtry and Johnson
(1966) reported that peak densities
varied considerably in magnitude and
time of occurrence from year to year.
Peak population infestations usually
occurred in late summer, although ocea-
sionally the peak was delayed until fall
or early winter.

Even though severe bronzing of ma-
ture summer foliage can oceur under
high densities of this spider mite in the
field, defoliation and loss of vigor were
minimal when compared with the dam-
age induced by the six-spotted mite,

1 Accepted for publication July 26, 1976.

Eotetranychus sexmaculatus (Riley)
and the avocado red mite, Oligonychus
yothersi (MeGregor), (Ebeling, 1959).

The mechanisms responsible for the
decline of avocado brown mite popula-
tions to low levels in southern Califor-
nia are predation and intraspecific com-
petition, or both acting together
(Fleschner, 1958a,b; McMurtry, 1970;
McMurtry and Johnson, 1966). These
researchers found that the most im-
portant natural enemies of the avocado
brown mite on commercial avocado in
California. were predaceous species of
phytoseiid mites, and the coccinellid, S.
picipes.

Both field and laboratory work by
Fleschner (1958b) showed S. picipes to
be the most effective predator in con-
sistently reducing high spider mite pop-
ulations in both citrus and avoeado eco-
systems in southern California south of
the Tehachapi Mountains. He attrib-
uted the efficiency of this predator to
(1) excellent dispersal powers of the
adults; (2) high preference for tetrany-
chid mites; (3) functional and numeri-
cal responses regulated by their host’s
density; and (4) relative tolerance to
most insecticides then being used. After
an extensive ecological study extending
over a 4-year period, McMurtry and
Johnson (1966) concluded that 8. pici-
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pes was the key mortality factor effect-
ing abrupt declines of O. punicae from
peak densities normally occurring some-
time between late summer to early win-
ter in avocado agroecosystems. Ebeling
(1959) also considered S. picipes to be
an important predator of plant-feeding
mites on both citrus and avoeado in Cal-
ifornia.

Typhlodromus floridanus was origin-
ally deseribed by Muma (1955). Of the
10 arthropod predators known to be as-
sociated with the six-spotted mite, T.
floridanus was considered by Muma
(1958, 1970, 1971) to be the most im-
portant biotic factor regulating its
numbers. Our laboratory cultures of 7.
floridanus fed readily on all stages of
Tetranychus pacificus MeGregor, T.
cinnabarinus (Boisduval) and O. puni-
cae. Some field releases were made by
the junior author in southern Califor-
nia in an attempt to establish this pred-
ator in citrus and avocado groves as a
biological control agent for the citrus
red mite, Panonychus citri (McGregor),
and O. punicae. Initial recovery at-
tempts indicated that it failed to be-
come established. Because reports have
indicated that this predator plays a

Tanigoshi and McMurtry : Predation of Oligonychus punicae. Part I.

significant role in control of mites on
other subtropical erops, further studies
were undertaken to acquire information
on its life history, rate of population
growth, and predatory behavior.

In addition to comparable studies de-
signed and conducted to measure the
predatory behavior and habits of S.
picipes and T. floridanus, further study
was done to elucidate the following life
history and life table parameters for
each species: developmental time, ovi-
positional rate, longevity, sex ratio, and
intrinsic rate of natural increase. Al-
though data obtained from life table
studies in the laboratory cannot be ap-
plied directly to field populations, they
clearly indicate an organism’s potential
upper limits under ideal situations in
the absence of natural enemies and com-
petition, and, in the case of predators,
no problem in finding prey.

Using the life table data and preda-
tion rates for 7. floridanus, an arith-
metic model was generated similar to
that of Laing and Huffaker (1969).
Because 8. picipes did not demonstrate
a significant preference for a specific
life stage of O. punicae, an arithmetic
model could not be generated.

MATERIALS AND METHODS

General insectary procedures

All the experiments were conducted
in an insectary chamber measuring 1.5
by 2.7 m and 2.1 m high. Light was
provided by four Lifeline® Sylvania
fluorescent bulbs, 2.5 m in length, pro-
grammed to give a 16 h day. The tem-
perature fluctuated from a low of about
22° C, around midnight, to a high of
27° C between 6 and 10 p.m. Relative
humidity ranged from 50 to 65 percent.

The stock culture of Oligonychus
punicae was started with mites obtained
from the “Hass” variety of avocado in
the vicinity of Fallbrook, California, in
the summer of 1970. During the 2-yr
period of the study, the stock mites

were maintained in the insectary on
detached leaves of a noncommereial spe-
cies of avocado, Persea indica Spreng.

The original stock culture of Typhlo-
dromus floridanus was obtained from
M. H. Muma at the Lake Alfred Citrus
Experimental Station, Lake Alfred,
Florida. The rearing method study was
similar to that deseribed for Typhlodro-
mus rickeri Chant by McMurtry and
Secriven (1964a).

The stock culture of Stethorus pici-
pes originated from a population on
black nightshade, Solanum sp., heavily
infested with Tetranychus evansi (Me-
Gregor), located on the campus of the
University of California, Riverside. The
adults were maintained in the insectary
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in a wooden sleeve cage fitted with a
glass top. They were provided with an
abundant supply of all stages of T.
pactficus and T. cinnabarinus. The
method described by MecMurtry et al.
(1974) was used for confining individ-
ual females in oviposition cells for 2 to
3 days, followed by the transfer of each
female to a newly prepared cell and the
removal of its eggs to a ventilated plas-
tic rearing tube until completion of the
imaginal molt.

General experimental procedures

Biology of Oligonychus punicae.
Sixty adult O. punicae females were
selected randomly from the stock cul-
ture and isolated individually for 8 h
in the small cells described above. Then
the female and all but one of its eggs
were removed from each cell- Observa-
tions were made daily at approximately
8 am., 4 p.m. and 12 midnight until all
individuals reached sexual maturity.

This experiment was conducted on
excised Persea indica leaves which were
dark green, mature, and unbronzed. The
leaves were fairly uniform in size, rang-
ing from 5 to 8 em wide, and were about
13 em long. They were placed in pairs in
stainless steel trays 20 em square and 4.5
em deep, with their lower surfaces down
on a water-saturated 15 x 15 em poly-
urethane pad 1 em thick. A water-sat-
urated barrier of cellucotton, 1 em wide,
was placed along the periphery of each
leaf in order to form a rectangular sur-
face (MeMurtry and Seriven, 1964b,
1965). This area was then subdivided
with Tree Tanglefoot® into 16 smaller
cells per leaf, measuring 1 em’ each.
Tree Tanglefoot®, dispensed from a
syringe, provided an excellent barrier
because it did not spread outward from
its original line of application under
the conditions of this study. It remained
sticky when wet, was harmless to the
leaf, and nontoxic to the mites. Some
mortality resulted from mites becoming
trapped in the Tanglefoot® barrier;
however, this mortality was restricted
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mainly to senescent and weakened in-
dividuals.

Soon after molting from the quies-
cent deutonymph stage, these virgins
were confined with a mature male for
a 24 h period. Subsequent to the preovi-
position period, each female was ob-
served every morning for egg produec-
tion and then was transferred to a new
individual cell. The sex ratio of each
day’s progeny was determined for each
female after the progeny reached ma-
turity.

Biology of Typhlodromus floridanus.
By random selection, 50 adult 7. flori-
danus females were individually iso-
lated in cells 2 em’ in size formed by
Tanglefoot® barriers. They were pro-
vided with oviposition sites consisting
of several strands of cotton placed be-
neath a 15-mm glass coverslip. After
8 h, the female and all but one egg were
removed from each cell. Observations
were made daily at 8 h intervals. Soon
after maturity, each young female was
isolated with one mature male for a pe-
riod of 24 h. Upon removal of these
males, the females were observed daily
to establish the length of the preovipo-
sition period, prey egg consumption,
and oviposition. Oligonychus punicae
eggs were provided daily at a rate of
25 per cell. These eggs were obtained
by placing approximately 15 mature
0. punicae females into new cells pre-
pared about 1 day before the subse-
quent introduection of females and males
of T. floridanus. All eggs in excess of 25
were removed. This unwieldy method
was used because the avocado brown
mite eggs adhere so tenaciously to the
waxy cuticle of P. indica leaves. The
procedure was continued daily through-
out the adult life of both females and
males. The F, progeny was isolated in
similar cells containing a mixed popu-
lation of avocado brown mites and were
observed every 2 days until they com-
pleted development. The sex ratio of
these F'; progeny was then ascertained.

Biology of Stethorus picipes. Thirty
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adult S. picipes females were isolated
individually for 12 h in the Plexiglass®
cells described above. The females were
then removed, as well as all but one egg
per cell; however, each of only 23 of
the females chosen at random from the
stock culture laid at least one viable
egg. The eggs were observed daily at
approximately 8 h intervals until em-
bryogenesis was completed. Soon there-
after, the newly hatched first instar
larvae were transferred to individual
cells on excised P. tndica leaves well in-
fested with all stages of O. punicae. The
P, indica substrate was prepared simi-
larly to that described for the O. puni-
cae and T. floridanus life history
studies. Each leaf was subdivided, how-
ever, by use of water-saturated cellu-
cotton strips 0.5 ecm wide, into six cells
measuring about 1 x 5 em. This water-
saturated barrier had no apparent ad-
verse effects on this cohort of larvae, as
all of them emerged as adults. The de-
veloping immature beetles were always
provided with an abundance of prey by
being transferred, when necessary, to
cells on another leaf well infested with
0. punicae.

The newly emerged adults were
transferred to individual oviposition
cells containing an abundance of food
and allowed to “harden” for 24 to 36 h.
Of the 23 adults, 12 were females. Each
of these was then exposed to a mature
male. After 24 h, and when copula-
tion had been observed at least once,
the males were removed. Each of the
newly mated females was then trans-
ferred to an individual cage designed
for measuring the parameters outlined
above. These cages consisted of acrylic
tubing with an inside diameter of 3 cm
cut into cylinders 1 em long. The lower
half of each cylinder was immersed in
hot Parowax® and transferred imme-
diately onto the upper surface of a P.
indica leaf. This established an effec-
tive seal between the wax and the cuti-
cle of the leaf. All mite refuges were
eliminated by dipping a Number 0 brush
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into the hot wax and then brushing it
along the inside interface between the
leaf and cage floor. Thus, a feeding sur-
face of about 3 em® was available for O.
punicae provided as prey for S. picipes.
The top of the cage consisted of a 0.5
cm thick Plexiglass® plate 4 cm®. Each
unit was vented by a hole 0.5 em in di-
ameter cut into the middle of the lid.
This opening was covered by a 100-mesh
stainless steel sereen. The top of each
cage was carefully ground down using
200-grain garnet sandpaper to insure
a mite-tight fit between this surface and
the Plexiglass® lid.

Every 24 h, a new set of cages was
prepared for the surviving female
beetles. Just prior to the transfer of the
females, 75 adult female O. punicae
were placed in each cell. As the female
spider mites laid some eggs, an unde-
termined amount of additional food was
thus available to the predators. How-
ever, the prey eggs consumed probably
represented only a minute proportion
of the total food intake of the predators.
This transferring procedure was re-
peated daily for each female in the co-
hort until she began ovipositing nonvi-
able, shrivelled eggs. These individuals
were then transferred to 40-dram plas-
tic vials fitted with a plastic mesh lid
and periodically provided with sections
of P. indica leaves infested with all
stages of O. punicae until they died.

By making daily observations of a
cohort of S. picipes females, biological
parameters of preoviposition period,
daily prey consumption, daily oviposi-
tion, progeny sex ratio, adult female
longevity, and postoviposition period
were determined.

Life table analysis

The life table model, which was ini-
tially applied to human populations by
Lotka (1925, 1945), summarizes the
survival and mortality of a population
according to age. This model combines
both fecundity and survivorship data
and is used to predict the rate of change
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in the size of a population on a per in-
dividual basis. This intrinsic rate of
natural increase, denoted by 7., assumes
that fecundity and survivorship remain
constant, and that environmental con-
ditions remain stable from generation
to generation. Also, it seems that migra-
tion does not occur and that individuals
are born, live and die in that same pop-
ulation (Birch, 1948; Leslie and Park,
1949; Andrewartha and Birch, 1954),
and that resources such as food and
space are unlimited and mortality of
individuals is physiological and not at-
tributable to interspecific competition
or to parasites, predators or disease
(Birch, 1948; Laing, 1968, 1969a,b).
The intrinsic rate of natural increase
is, therefore, a specific parameter mea-
suring the physiologically possible rate
of increase of a population under spe-
cific physieal environmental conditions,
with all other conditions ideal. This
model also assumes that there are
enough males within the population to
adequately fertilize all the females. The
intrinsic rate of natural increase is
based only upon the production of fe-
male progeny, not total progeny. There-
fore, organisms capable of producing
large numbers of female offspring, and
this early in their life cyecles, and
coupled with short developmental times,
will possess a larger 7,. An r, of zero
implies that the population is neither
increasing nor decreasing. If a popula-
tion increases under these very unreal-
istic assumptions, it will grow at a
steady instantaneous rate (per indi-
vidual) until it eventually reaches a
stable age distribution (Lotka, 1925;
Birch, 1948; Leslie and Park, 1949).
If we assume Oligonychus punicae to
breed the year round in a constant en-
vironment, with overlapping genera-
tions, and without repeating cycles of
uneven age distribution among its pro-
geny and given the unreal assumption
of the ideal in the above conditions, the
rate at which its population would in-
crease per unit of time would obey the

241

instantaneous exponential growth equa-

tion, d—N = rnN (Birch, 1948; Leslie and
dt

Park, 1949; Mertz, 1970). The assumed
conditions were met by the design of
the experiment and the model was rea-
sonably represented by O. punicae per-
formance. In nature, however, the con-
ditions for a stable age distribution are
probably never realized, nor are various
other assumptions of the ideal in favor-
ability. In the field, O. punicae popula-
tions, starting from a female cohort of
the same age and under favorable en-
vironmental conditions, will quickly
produce successive generations which
overlap. Repeating cycles of age distri-
bution are possible with individuals of
all life stages present in the population
at the same time. The intrinsic rate of
natural increase, r,, may be calculated
from the formula derived by Birch
(1948).

0

s emlm, =1 1

=0

e 1is the base of natural loga-
rithms (2.718)

x is the age of individuals in
days

l(z) is the survival rate or proba-
bility at birth that an individ-
ual will survive to age x or
longer

My is the age-specific fecundity
rate or average number of fe-
male offspring born to a female
animal of age x during the in-
terval (z — 15) to (z + 14).

The sum of the m; column is the gross
reproductive rate and represents the
rate at which the population would in-
crease per individual per generation if
none of the females died before the end
of the reproductive period (Leslie and
Park, 1949). The sum of the Iy
column is R,, called the net reproduec-
tive rate, or the replacement rate. It
represents the number of female de-

x
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scendants that an average female leaves
in one generation. The intrinsie rate of
natural increase of this population on
a per individual basis can be derived
by substituting trial values of r, into
Formula 1 until the sum is approxi-
mately 1.0. A Fortran IV program writ-
ten after Birch’s (1948) paper, was
utilized, however, to derive both 7, and
the net reproductive rate. The mean
generation time (7') represents the time
from birth to weighted mean reproduc-
tive age in the adult female (Messenger,
1964) and can be calculated from the
formula,

log.R,

T =

(2)

rm
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This formula was derived from the inte-
grated form of the exponential growth
equation, N; = N,e™! The studies of
Cardona and Oatman (1975) clearly
emphasized the fact that the magnitude
of r, varies only as the natural loga-
rithm of R,. Differences among values
of r, are mainly due, therefore, to dif-
ferences among developmental times
and not to higher reproductive capaci-
ties. The shorter the developmental
time, the larger the value of r,. The
inverse relationship is also applicable
for r, and the mean generation time
(Formula 2).

RESULTS

Life histories

Oligonychus punicae. The contents of
the egg of 0. punicae were milky white
when the egg was first deposited but
became progressively more granular
and opaquely yellow-amber as embryo-
genesis proceeded. Pigmented paired
eye spots became visible just before
hatching. The egg bears a stalk at its
apex and is globose in shape. The flat-
tened base of the egg adheres tena-
ciously to the leaf surface. Eggs were
also commonly found on the upper sur-
face of the webbing as the leaf began to
bronze with an increase in density of
the mite population. Duration of the
incubation period under these condi-
tions averaged 4.65 days for the females
and 4.87 days for the males (Table 1).
McMurtry and Johnson (1966) re-
ported an incubation time for this spe-
cies of about 8 days at 22+2° C.

The larvae were amber-colored at
emergence. Their opisthosoma possessed
numerous orange-pigmented spots
which were most numerous along the
periphery of the dorsum. Upon feed-
ing, the opisthosoma quickly became
progressively darker green and granu-

lar appearing. Also, the larvae became
significantly larger in size as they
neared the quiescent period. Average
length of the larval stage of the female
was 1.04 days and for the male 0.87
day (Table 1). A quiescent period last-
ing 0.75 day and 0.80 day was observed
for the females and males, respectively
(Table 1). Development of the fourth
pair of legs occurred during this stage.
In the initial phase of each quiescent
stage, the integument took on a very
shiny sheen. Just before emergence, the
original integument became dull white
as the newly developed stage matured
beneath it. Also, two pairs of red-pig-
mented eye spots were conspicuous in
all active states of 0. punicae.

The eight-legged protonymphs were
pale yellow upon emerging through a
dorsal split in the old larval skin. As
feeding resumed, this stage assumed a
light green body coloration. The females
averaged only 0.73 day in this stage and
0.57 day in a quiescent state. The males
spent 0.66 and 0.47 day in the proto-
nymph and quiescent stages, respec-
tively (Table1).

As noted by Laing (1969a) for Te-
tranychus urticae Koch, sex could be
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TABLE 1

DEVELOPMENTAL TIMES OF THE IMMATURE STAGES OF OLIGONYCHUS
PUNICAE AT 22-26° C

Number of days

No.
Sex obs. Max. Min. X SD
Egyg
Female 50 5.00 3.6 4.65 0.29
Male 7 5.30 4.6 4.87 0.28
Larva
Female 50 1.50 0.66 1.04 0.25
Male 7 1.20 0.66 0.87 0.32
Quiescent larva
Female 50 1.00 0.33 0.75 0.19
Male 7 1.33 0.66 0.80 0.26
Protonymph

Female 50 1.00 0.33 0.73 0.24

Male 7 1.00 0.33 0.66 0.20
Quiescent protonymph

Female 50 0.66 0.33 0.57 0.15

Male 7 0.66 0.33 0.47 0.18

Deutonymph

Female 50 1.33 0.83 1.05 0.19

Male 7 1.00 0.83 0.90 0.09
Quiescent deutonymph

Female 50 1.33 0.66 0.94 0.19

Male 7 1.00 0.83 0.88 0.08
All stages combined

Female 50 11.82 7.74 9.73

Male 7 11.49 8.24 9.45

determined after the deutonymphs had
fed and became a deep green color. The
precursor of the adult female developed
a robustly rounded opisthosoma and a
larger body size, whereas the body of
the eventual male was smaller and
more tapered in outline. Duration of
this stage averaged 1.05 days for the
females and 0.90 day for the males. The
subsequent quiescent stage lasted 0.94
and 0.88 day for the females and males,
respectively (Table1).

Based upon observations of 50 fe-
males and 7 males, the average total de-
velopmental time for oviposition to
adulthood was slightly shorter for the
males (9.45 days) than for the females
(9.73 days).

The final molt, like the preceding
ones, resulted in a transverse splitting
of the cuticle of the idiosoma behind
the second pair of legs. The newly
emerged adults then freed themselves

by backing out of their old integument.
The mating process and the tendency
of the adult males to remain in the
vicinity of a quiescent female deuto-
nymph has been observed in many te-
tranychid species (Ewing, 1914; Bou-
dreaux, 1963). Penman and Cone
(1972) have demonstrated that the be-
havior of adult male T. wurticae was
further influenced by female deuto-
nymph web. The process of sex deter-
mination, as commonly found in the
Tetranychinae, is arrhenotokus (Bou-
dreaux, 1963; Huffaker et al., 1969).

The preovipositional periods for un-
mated and mated females were not sig-
nificantly different. The average for 49
combined was 1.26 days (Table 2), com-
pared to a 2-day period reported by Me-
Murtry and Johnson (1966). The aver-
age time required to complete one gen-
eration, from egg to egg, was about 11
days for the females. Ebeling (1959)
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TABLE 2
DURATION OF PREOVIPOSITIONAL AND OVIPOSITIONAL PERIODS
OF OLIGONYCHUS PUNICAE AT 22-26° C
Number of days
. No.
Period Ob‘; Max. Min. X SD
Preoviposition 49 2.00 0.66 1.26 0.27
Oviposition 49 20.00 3.00 13.28 4.37
TABLE 3
NUMBER OF EGGS LAID BY 49 OLIGONYCHUS PUNICAE AT 22-26° C
Number of eggs
Parameter

Max. Min. X SD
Total no. eggs/female 96.00 14.00 59.14
No./female/day 5.60 2.80 4.35 0.70

and McMurtry and Johnson (1966)
found that O. punicae can complete one
generation in 7 days at 25° C, and in 15
to 16 days at 22+2° C. At about 33° C,
mortality occurred in all stages (Me-
Gregor, 1941; Ebeling, 1959).

Body coloration of newly emerged
young males and females became more
intense, especially in the area of the
hysterosoma, as they resumed feeding.
As the cuticle hardened, the gnatho-
soma, the anterior area of the propodo-
soma, the tapered tip of the male opis-
thosoma, the first pair of legs, and, to
some degree, the second pair, all be-
came orange-red. The rest of the body
remained off-white. Ovipositing females
developed a whitish, oblong-shaped area
occupying one-third to one-half of the
dark purple or blackish-brown hystero-
soma. Senescent adults were easily ree-
ognized by the marked loss of sheen and
the wrinkling and shrivelling of the
integument.

The average ovipositional period for
49 0. punicae females was 13.28 days,
with a range of 3 to 20 days (Table 2).
These females averaged 59.14 eggs dur-
ing this period (Table 3). The overall
egg deposition rate averaged 4.35 eggs/
female per day (Table 3). An oviposi-
tion rate of 3.40 eggs/female per day
was reported by McMurtry and John-
son (1966) for field-collected females
reared in the laboratory on matured
and undamaged avocado leaves for a

7-day period. Comparative studies by
McMurtry (1970) on greenhouse-reared
female O. punicae placed on P. indica
leaves revealed oviposition rates aver-
aging 2.02 and 4.67 eggs/female per
day on bronzed and unbronzed leaves,
respectively.

The higher mean ovipositional rate
observed in this study, compared with
that reported by McMurtry and John-
son (1966), may reflect temperature
differences. Of the 49 females used, all
but two were fertilized when confined
with an individual male for 24 hours.
These unmated females produced only
male offspring. The mean numbers of
female and male progeny produced per
inseminated female were 44.85 and
14.27, respectively. Therefore, the sex
ratio observed for inseminated females
under these conditions approximated
3.1 females to 1 male. This compares
to the sex ratios of 2.7:1 and 3.2:1
found by MeMurtry (1970) on bronzed
and unbronzed avocado foliage, respec-
tively. Because of the arrhenotokus
mechanism of sex determination in the
Tetranychinae and the numerous vari-
ables influencing the sex ratio, Bou-
dreaux (1963) cautioned against as-
suming that a normal sex ratio exists
in nature.

Typhlodromus floridanus. The eggs
of T. floridanus are slightly tapered
from one pole to the other. When ob-
served microscopically, they are glossy
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TABLE 4
DEVELOPMENTAL TIMES FOR THE IMMATURE STAGES OF
TYPHLODROMUS FLORIDANUS AT 22-26° C

Number of days

No.
Sex obs. Max. Min. X SD
Egg
Female 16 3.66 1.50 2.90 0.18
Male 18 3.33 1.50 2.66 0.19
Larva
Female 16 1.66 1.00 1.27 0.18
Male 17 2.00 0.66 1.21 0.24
Protonymph
Female 16 2.66 1.66 2.20 0.13
Male 17 4.33 1.00 2.59 0.30
Deutonymph
Female 16 2.33 0.66 1.98 0.20
Male 17 3.00 1.66 1.94 0.24
All stages combined
Female 16 10.11 4.72 8.35
Male 17 12.66 4.82 8.40

and transparent when freshly laid. As
incubation proceeds, the eggs turn
whitish, opaque and granular. The ovi-
positing females of T'. floridanus have
a strong tendency to aggregate and lay
their eggs in clusters on the cotton
strands or on webbing within the prey
colony. This predator appears to be
well adapted in regard to feeding, mov-
ing and ovipositing within the highly
webbed and aggregated colonies of O.
punicae (Muma, 1961). Duration of the
egg stage was 2.90 days for females and
2.66 days for males (Table 4).

The six-legged translucent-white lar-
vac remained relatively quiet and close
to their egg cases or the egg clusters.
This stage lasted an average of 1.27
days for females and 1.21 days for
males (Table 4). As with the majority
of phytoseiids (MeMurtry et al., 1970;
Croft and Jorgensen, 1969; Knisley and
Swift, 1971), the larvae of 7. floridanus
do not feed.

The eight-legged protonymph began
feeding on O. punicae eggs soon after
emerging from the larval exuviae. This
stage had no difficulty in penetrating
the chorion with its chelicerae. All that
remained of the egg after feeding was
the transparent chorion. As reported by

Laing (1969b) for Metaseiulus occiden-
talis (Nesbitt), the protonymph was
quiescent for only a few minutes before
molting. It was not a completely inac-
tive stage, however, as observed for
spider mites, as the protonymphs move
it disturbed. The developmental time
for protonymphs averaged 2.20 days for
females and 2.59 days for males (Table
4), during which time they consumed
9.06 and 9.53 O. punicae eggs, respec-
tively (Table 5). Average duration of
the female and male deutonymphal
stages was 1.98 and 1.94 days, respec-
tively (Table 4), during which time
they ate an average of 9.25 and 7.80
prey eggs, respectively (Table 5). Deu-
tonymphs also had a short quiescent pe-
riod prior to transformation to the
adult stage.

Developmental time, from egg to
adult, of 16 females averaged 8.35 days,
and for 17 males 8.40 days (Table 4).
Muma (1970) reported that female and
male 7. floridanus averaged 7.8 and 6.5
days, respectively, to develop from egg
to adult at 26.7° C when fed E. sex-
maculatus.

The transformation of the deuto-
nymph to the adult stage was similar
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TABLE 5
EGGS OF OLIGONYCHUS PUNICAE* CONSUMED DURING DEVELOPMENT
OF THE IMMATURE STAGES OF TYPHLODROMUS FLORIDANUS

Number of eggs

No.
Sex obs. Max. Min. X
Larva

Female 16 0.0 0.0 0.0

Male 18 0.0 0.0 0.0
Protonymph

Female 16 20.0 6.0 9.06

Male 17 21.0 5.0 9.53
Deutonymph

Female 16 15.0 1.0 9.25

Male 17 12.0 3.0 7.80

All stages combined
Female 16 30.0 6.0 18.31
Male 17 32.0 12.0 17.33

* 25 eggs of O. punicae/cell/predator/day.

to that described for the metamorphosis
of the pre-adult stages. Adult males are
markedly smaller, but are more active
than the females. As the female feeds
and becomes gravid, sexual dimorphism
becomes more apparent. Observations
on eight females revealed that mating
usually took place immediately after the
deutonymph molted to an adult. Copu-
latory time ranged from 42 to 210 min.
All of these females mated more than
one time. The significance of single
versus multiple matings of adult fe-
males during their complete lifetime
was not ascertained.

The preovipositional period for 13
female T'. floridanus averaged 3.23 days,
during which time they consumed an
average of 5.29 0. punicae eggs/female
per day (Table 6). Laing (1969b) also
reported a preovipositional period of
3.2 days for M. occidentalis, but he ob-
served a consumption rate of about 3.8
T. urticae eggs per day. A preoviposi-
tional period of 2 to 3 days appears to

be common for many species; however,
temperature and seasonal variations
will affect its duration, as summarized
by McMurtry et al. (1970).

The laboratory-reared females of T.
floridanus laid an average of 1.97 eggs/
female per day, with a mean total of
41.14 eggs (Table 7) during an oviposi-
tional period averaging 22.53 days
(Table 6). When given an abundance
of prey eggs, these females consumed
an average of 12.19 eggs/female per
day during the ovipositional period and
lived for an average of 4.62 days after
oviposition ceased (Table 6). Unmated
females did not oviposit. The natural
mortality of these F, progeny during
development was essentially negligible.
Six F, males observed throughout their
lifetimes each ate about three O. puni-
cae eggs per day.

Muma (1970) reported that labora-
tory-reared T. floridanus females laid
from 16 to 45 eggs, and a mean total of
26.2 eggs, during their ovipositional pe-

TABLE 6
DURATION OF VARIOUS PERIODS AND NUMBER OF PREY EGGS CONSUMED
BY ADULT FEMALE TYPHLODROMUS FLORIDANUS AT 22-26° C

Period No. Duration (days) Exggs eaten
Preoviposition 13 3.230.59 5.20+1.42
Oviposition 13 22.53+8.40 12.19+1.28
Postoviposition 8 4.62+1.76 2.72+0.76
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TABLE 7
NUMBER OF EGGS LAID BY TYPHLODROMUS FLORIDANUS AT 22-26° C

Number of eggs

No. of females, 13

Max. Min. X SD
Total no. eggs/female 52.00 7.00 41.15
No./female/day 2.66 1.62 1.97 0.26

riod of 1 to 2 weeks. Detailed studies
by Sandness and McMurtry (1970), de-
signed to describe the functional re-
sponse curve for T. floridanus, revealed
an ovipositional rate slightly above two
eggs/female per day on arenas contain-
ing five to 300 female O. punicae each.
Laing (1969b) reported that M. occi-
tentalis ate 8.5 T. urticae eggs per day
during their ovipositional period. Prey
consumption by Phytoseiulus persimilis
Athias-Henriot averaged 14.3 and 34.0
T. urticae eggs per day in studies by
Laing (1968) and Bravenboer and
Dosse (1962), respectively.

The sex ratio of 529 progeny pro-
duced by the 13 females used for the
life table studies was 1.8 females to one
male. This ratio was similar to those re-
ported for Typhlodromus pyri (= T.
tiliae) (Chant, 1959), T. rickeri (Me-
Murtry and Seriven, 1964¢), and T.
megregori (Croft and Jorgensen, 1969).

Stethorus picipes. The newly laid egg
of 8. picipes was creamish-white, oval
in shape, and about 0.30 to 0.35 mm in
length. As embryogenesis proceeded, the
egg gradually became pinkish-white, the
pink appearing after about the second
day of incubation. Two red eye spots at
the animal pole became evident by the
third day. Soon thereafter, the egg took
on an inercasingly grey coloration until
hatehing occurred. The numerous pits
observed on the surface of the chorion
appeared to elongate and interconnect
to form a mosaie pattern prior to hatch-
ing. The eggs were laid at random and
were commonly attached to the side of
the plastic ovipositional cell. Appar-
ently, the chorion possesses an adhe-
sive-like substance which anchors the
egg to any substrate with which it

comes in contact. The incubation period
averaged 3.85 days for the females and
4.00 days for the males (Table 8).

Stethorus picipes has four larval in-
stars, the last including a prepupal pe-
riod of about one day. Morphologically,
all four instars appeared similar, except
for a progressive increase in size and a
gradual darkening of the integument
from a light pinkish-brown to a very
dark grey. Newcomer and Yothers
(1929) described the larval stages as
having a pair of irregular black-pig-
mented spots on the dorsal surface of
each thoracic segment. Long setae cover
the head, thorax, and abdomen, In ad-
dition, the nine segments of the abdo-
men, except the last, possess six whorls
of setae emanating from a raised tuber-
cle-like base.

Observations on feeding behavior
within the ovipositional cells and on the
P. indica leaf surfaces revealed that
little difficulty was experienced by any
of the stages of S. picipes in penetrating
the webbing of O. punicae. The larvae
fed by sucking out the fluid contents of
the eggs and various active stages of O.
punicae, and subsequently regurgitat-
ing and sucking these contents without
ingestion wuntil completely liquified.
This feeding process was first described
by Newcomer and Yothers (1929) for
S. picipes and later was reported by
Cottier (1934), Fleschner (1950),
Collyer (1953), Robinson (1953), Put-
man (1955) and Kaylani (1967).

Average developmental time for the
larval instars of 8. picipes was 9.5 and
9.55 days for female and male, respec-
tively (Table 8). About 1 day before
pupation, the larva enters the quiescent
prepupal period. It attaches itself to the
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TABLE 8
DEVELOPMENTAL TIMES OF THE IMMATURE STAGES OF STETHORUS PICIPES
AT 22-26° C
Sex g‘{)«;. N l‘lmber of days _
. Max. Min. X SD
Egg

Female 14 4.00 2.00 3.85 0.52

Male 9 4.00 4.00 4.00 0.00
1st instar

Female 14 4.67 2.00 2.59 0.69

Male 9 3.00 2.00 2.53 0.53
2nd instar

Female 14 3.00 0.33 1.66 0.56

Male 9 2.00 1.00 1.66 0.42
3rd instar

Female 14 2.00 1.00 1.65 0.30

Male 9 2.00 1.16 1.53 0.24
4th instar

Female 14 3.67 1.50 2.28 0.64

Male 9 3.50 2.00 2.74 0.45
Pre-pupa

Female 14 2.00 0.50 0.97 0.38

Male 9 1.50 0.83 1.09 0.22

Pupa
Female 14 4.50 3.33 3.83 0.40
Male 9 4.00 3.00 3.66 0.33
All stages combined
Female 14 19.00 15.82 16.86* 0.87
Male 9 18.33 16.00 17.24* 0.72

* no significant difference at 5% level (‘‘t” test of difference).

substrate by everting its caudal anal
area. The prepupa takes on a yellowish-
brown coloration during this period.
Pupal metamorphosis is preceded by
the shedding of the fourth instar larval
skin and its attachment on the substrate
surface near the secreted organ of at-
tachment. Within 12 h, the pupa
changes from a yellowish-brown to a
dark brown. The dorsal surface of the
pupa is covered with moderately long
and uniformly shaped setae. The pupal
period lasted 3.83 and 3.66 days for the
females and males, respectively (Table
8).
The newly formed adult emerges
through a dorsal weakening in the head
and thoracic region of the pupal skin.
The cuticle is yellowish-eream in color
until it “hardens” and turns black sev-
eral hours after emerging. There is lit-
tle sexual dimorphism. Only by exam-
ining the sixth abdominal sternite
under at least 20x magnification can the

sexes be differentiated. The sixth or ter-
minal sternite of the male is emargi-
nated in the middle of the posterior
margin, whereas that of the female is
rounded (McMurtry et al., 1974).

A premating period of about 1 day
was assumed. This was based on obser-
vations of newly emerged females ex-
posed to mature males. Copulation, or
the mere interest of the male in the vir-
gin female, did not occur until her
cuticle had “hardened.” The act of co-
pulation consisted of the male excitedly
mounting the back of the female and
bending the tip of his abdomen under
the tip of hers in order to insert his
aedeagus into her ventrally located gen-
ital opening. The female either became
quiescent, or she continued to walk
about with the male still mounted on
her back.

The preovipositional period for nine
females that copulated 24 to 36 h after
pupal emergence averaged 5.6 days,
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TABLE 9
DATA FOR SEVEN STETHORUS PICIPES (EMERGED ON THE SAME DAY)
AND OVIPOSITING VIABLE EGGS AT 22-26° C

‘Female Days of* Total no. eggst Average no.t
No. oviposition per Female laid per day
1 104 353 3.4
2 64 359 5.6
3 61 220 3.6
4 27 60 2.2
5 4 12 3.0
6 95 391 4.1
7 3% 151 4.1
*X = 56.0 days.
t X = 221.0 eggs.
t X = 3.7 eggs per day.

with a range of about 4.0 to 6.0 days.
Putman (1955) found that the duration
of this period for Stethorus punctillum
Wiese was influenced by the age of the
female at copulation.

The ovipositional period determined
for a cohort of seven females averaged
56 days (Table 9) and ranged from 4 to
104 days. Total number of fertile eggs
laid per female and the daily oviposi-
tion rate averaged 221 eggs and 3.7
eggs/female per day, respectively.
Eleven eggs was the maximum number
laid by any one female in 1 day. Me-
Murtry et al. (1974) reported a longer
ovipositional period (130 days) and
higher fecundity (4.33 eggs/female per
day) for 8. picipes when fed an abun-
dance of eggs and larvae of the Pacific
spider mite than those observed in this
study. Experimental conditions were
comparable in both studies. Our beetles
were provided with adult O. punicae,
however, and those of McMurtry et al.
(1974) were given primarily an abun-
tance of eggs and larvae. The latter
workers also observed marked declines
in oviposition when 8. picipes were fed
larger immatures or adults, and they
suggested that the artificial conditions
of a plastic cell were probably unfavor-
able for capture and handling of active
spider mite stages.

In the larval feeding studies (Table
10) the average number of prey con-
sumed per female during development
was 361, with a maximum of 379.
Fourth instar larvae averaged nearly

a 10-fold increase in prey consumed
over that of the first instars. Second
instars consumed twice the number of
prey consumed by first instars, while
third larval instars consumed four
times as many. In feeding studies by
Fleschner (1950), in which the larvae
of 8. picipes preyed upon adult Panony-
chus citri, a maximum of 190 was con-
sumed by a single fourth instar Ste-
thorus and a maximum of 486 was con-
sumed during the entire larval period.
Newcomer and Yothers (1929) reported
that the larvae of 8. picipes in Wash-
ington State prefer the eggs of Panony-
chus ulmi and that one predator con-
sumed 372 mites and eggs during its de-
velopmental period which ranged from
13 to 15 days.

Predation data from the life table
studies (Table 11) indicated that dur-
ing their ovipositional period, S. picipes
adults are capable of consuming 32 to
44 adult O. punicae per day. This rate
compares favorably with that sum-
marized by MecMurtry et al. (1970) for
three different species of Stethorus fe-
males recorded in the literature. The
adults were observed to masticate and
ingest the chorion and exoskeletons of
all stages of their prey. A number of
prey killed, however, were only par-
tially consumed.

It is probable that S. picipes would
complete development on considerably
fewer prey. Fleschner (1950) found
large differences between maximum con-
sumption of P. citri by 8. picipes larvae
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TABLE 11
ADULT FEMALES OF OLIGONYCHUS PUNICAE CONSUMED BY OVIPOSITING

STETHORUS PICIPES

FEMALES AT 22-26° C

Female Days Total no. Average no.
no. obs. eaten eaten/day

1 108 4652 33.1

2 67 2937 43.8

3 67 2330 34.8

4 33 1098 33.3

5 9 343 38.1

6 101 3295 32.6

7 43 1529 35.6

and the minimum consumption needed
to complete development.

Near the end of the ovipositional pe-
riod, the oviposition rate of these
females became very irregular or spo-
radie, with egg-laying sometimes ceas-
ing and then being resumed. After the
respective ovipositional period of viable
eggs for each female, however, all fe-
males subsequently laid only shrivelled
eggs. One female laid shrivelled eggs
for 69 days after ovipositing her last
viable one. Apparently, the effective
ovipositional period for these long-lived
females is determined largely by the
frequency of mating subsequent to the

initial one(s). As these females were
individually exposed to males for a
single 24 h period, duration of their
ovipositional period is probably depen-
dent upon the frequency of copulation,
quantity of sperm stored within the
spermatheca, and age of the male (Put-
man, 1955). Kaylani (1967) and Put-
man (1955) reported similar observa-
tions for Stethorus gilvifrons Muls. and
S. punctillum, respectively.

From a total of 1546 progeny pro-
duced by seven females, 701 were males
and 845 females, giving a sex ratio of
1:1.2.

TABLE 12
LIFE TABLE AND FECUNDITY TABLE FOR 49 OLIGONYCHUS PUNICAE
AT 22-26° C

Age in Survival Number ‘Fecundity

days rate of off- rate 1(x)m(x)

(x) 1(x) spring (9) m(x)

0-11 1.000 0 0.00 0.00
12 1.000 91 1.86 1.86
13 1.000 158 3.22 3.22
14 1.000 174 3.55 3.55
15 0.980 160 3.33 3.26
16 0.940 161 3.50 3.29
17 0.920 171 3.80 3.49
18 0.900 181 4.11 3.69
19 0.900 169 3.84 3.45
20 0.818 164 4.10 3.35
21 0.736 116 3.22 2.37
22 0.675 137 4.15 2.80
23 0.593 97 3.34 1.99
24 0.573 81 2.89 1.66
25 0.369 71 3.94 1.46
26 0.328 59 3.68 1.22
27 0.287 43 3.07 0.89
28 0.205 29 2.90 0.61
29 0.185 22 2.44 0.46
30 0.124 21 3.50 0.45
31 0.002 5 0.00 0.00

GRR = 64.49 Ro = 43.07



252

Life table studies

Oligonychus punicae. The intrinsie
rate of natural increase for O. punicae,
under the specified laboratory condi-
tions, was 0.222 per female per day. The
mean generation time (7') was 17.10
days. During this time, the net repro-
duective rate (R,), or replacement rate,
was 43.07 female offspring per female
in one generation (Table 12). Caution
should be exercised when comparing R,
values for two or more populations
(Bireh, 1948; Leslie and Park, 1949).
Unless the mean generation times for
two or more populations are identical,
a valid comparison of their respective

Tanigoshi and McMurtry: Predation of Oligonychus punicae. Part I.

R, values cannot be made. Two similar
R, values will not be associated with the
same 7, value if their mean generation
times are different.

Typhlodromus floridanus. Popula-
tion equations derived from the basic
instantaneous exponential growth for-
mula indicated that the mean genera-
tion time for T. floridanus was 19.60
days. During this time, and under the
given laboratory conditions, a cohort
of females will increase by 22.60 times
(R,) (Table 13). The intrinsiec rate of
natural increase (rn,) of the popula-
tion/individual female per day was
0.159. Life table studies of two other
phytoseiid predators, M. occidentalis

TABLE 13
LIFE TABLE AND FECUNDITY TABLE FOR 15 TYPHLODROMUS FLORIDANUS
AT 22-26° C

Agein Survival Number Fecundity

days rate of off- rate 1(x)m(x)

(x) 1(x) spring (9) m(x)

0-10 1.000 0 0.00 0.00
11 1.000 2 0.13 0.13
12 0.867 12 0.92 0.80
13 0.867 17 1.31 1.14
14 0.867 18 1.38 1.20
15 0.867 19 1.46 1.26
16 0.801 16 1.33 1.06
17 0.735 14 1.27 0.93
18 0.735 15 1.36 0.99
19 0.735 16 1.45 1.06
20 0.735 13 1.18 0.86
21 0.735 11 1.00 0.74
22 0.735 15 1.36 0.99
23 0.735 15 1.36 0.99
24 0.735 12 1.09 0.80
25 0.735 15 1.36 0.99
26 0.735 15 1.36 0.99
27 0.735 15 1.36 0.99
28 0.735 13 1.18 0.86
29 0.735 10 0.91 0.66
30 0.735 10 0.91 0.66
31 0.735 8 0.73 0.54
32 0.735 8 0.73 0.54
33 0.735 9 0.82 0.60
34 0.669 11 1.10 0.74
35 0.669 11 1.10 0.74
36 0.536 10 1.25 0.67
37 0.536 7 0.88 0.47
38 0.536 3 0.38 0.20
39 0.536 0 0.00 0.00
40 0.536 0 0.00 0.00
41 0.470 0 0.00 0.00
42 0.337 0 0.00 0.00
43 0.271 0 0.00 0.00
44 0.205 0 0.00 0.00
45 0.005 0 0.00 0.00

GRR = 30.67 Ro = 22.60
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and P. persimilis, by Laing (1968,
1969b) and Laing and Huffaker (1969),
under physical conditions similar to
those of this study, produced intrinsic
rates of natural increase of 0.183 and
0.219, respectively. Their higher rates,
compared to those of T. floridanus, were
due to the fact that M. occidentalis and
P. persimilis had shorter respective
mean generation times, i.e., values of
17.4 and 17.3 days, and larger net re-
productive rates, i.e., R, values of 24.3
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and 44.4 in one generation, However, as
suggested by Leslie and Park (1949)
and demonstrated by Laing and Huff-
aker (1969), a direct comparison of
these various parameters for different
species may be misleading, especially
when considering natural predator/
prey interactions in a changing uni-
verse.

Stethorus picipes. Construction of
a life table for 8. picipes followed the
procedure described earlier for O. puni-

TABLE 14
LIFE TABLE AND FECUNDITY TABLE FOR 7 STETHORUS PICIPES AT 22-26° C

Agein Survival Number Fecundity

days rate of off- rate 1(x)m(x)

(x) 1(x) spring (Q) m(x)

0-21 1.000 0 0.00 0.00
22 1.000 2 0.29 0.29
23 1.000 16 2.29 2.29
24 1.000 19 2.71 2.71
25 1.000 15 2.14 2.14
26 1.000 13 1.86 1.86
27 1.000 12 1.71 1.71
28 1.000 12 1.71 1.71
29 1.000 17 2.43 2.43
30 1.000 11 1.57 1.57
31 1.000 5 0.71 0.71
32 1.000 8 1.14 1.14
33 1.000 13 1.86 1.86
34 1.000 10 1.43 1.43
35 1.000 8 1.14 1.14
36 1.000 12 1.71 1.71
37 1.000 8 1.14 1.14
38 1.000 8 1.14 1.14
39 1.000 10 1.43 1.43
40 1.000 7 1.00 1.00
41 1.000 11 1.57 1.57
42 1.000 7 1.00 1.00
43 1.000 10 1.43 1.43
44 1.000 10 1.43 1.43
45 1.000 10 1.43 1.43
46 1.000 9 1.29 1.29
47 1.000 9 1.29 1.29
48 1.000 8 1.14 1.14
49 1.000 8 1.14 1.14
50 1.000 9 1.29 1.29
51 1.000 8 1.14 1.14
52 1.000 10 1.43 1.43
53 1.000 13 1.86 1.86
54 1.000 18 2.57 2.57
55 1.000 16 2.29 2.29
56 1.000 11 1.57 1.57
57 1.000 15 2.14 2.14
58 1.000 18 2.57 2.57
59 1.000 16 2.29 2.29
60 1.000 13 1.86 1.86
61 1.000 10 1.43 1.43
62 1.000 10 1.43 1.43
63 1.000 13 1.86 1.86
64 1.000 9 1.29 1.29
65 1.000 7 1.00 1.00
66 1.000 9 1.29 1.29
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TABLE 14—Continued

Age in Survival Number Fecundity
days rate of off- rate 1(x)m(x)
(x) 1(x) spring () m(x)
67 1.000 8 1.14 1.14
68 1.000 9 1.29 1.29
69 1.000 8 1.14 1.14
70 1.000 11 1.57 1.57
71 1.000 10 1.43 1.43
72 1.000 9 1.29 1.29
73 1.000 10 1.43 1.43
T4 1.000 11 1.57 1.57
75 1.000 6 0.86 0.86
76 1.000 5 0.71 0.71
77 1.000 5 0.71 0.71
78 1.000 8 1.14 1.14
79 1.000 7 1.00 1.00
80 1.000 7 1.00 1.00
81 1.000 3 0.43 0.43
82 1.000 6 0.86 0.86
83 1.000 6 0.86 0.86
84 1.000 2 0.29 0.29
85 1.000 2 0.29 0.29
86 1.000 7 1.00 1.00
87 1.000 3 0.43 0.43
88 1.000 4 0.57 0.57
89 1.000 3 0.43 0.43
90 1.000 4 0.57 0.57
91 1.000 4 0.57 0.57
92 1.000 6 0.86 0.86
93 1.000 3 0.43 0.43
94 1.000 1 0.14 0.14
95 1.000 1 0.14 0.14
96 0.857 5 0.83 0.71
97 0.857 3 0.50 0.43
98 0.857 2 0.33 0.28
99 0.714 1 0.20 0.14
100 0.714 1 0.20 0.14
101 0.714 6 1.20 0.86
102 0.714 2 0.40 0.29
103 0.714 5 1.00 0.71
104 0.714 2 0.40 0.29
105 0.714 7 1.40 1.00
106 0.714 1 0.20 0.14
107 0.714 2 0.40 0.29
108 0.714 1 0.20 0.14
109 0.714 5 1.00 0.71
110 0.714 4 0.80 0.57
111 0.714 3 0.60 0.43
112 0.714 4 0.80 0.57
113 0.714 2 0.40 0.29
114 0.714 2 0.40 0.29
115 0.714 1 0.20 0.14
116 0.714 2 0.40 0.29
117 0.571 0 0.00 0.00
212 0.428 0 0.00 0.00
238 0.285 0 0.00 0.00
259 0.142 0 0.00 0.00
264 0.000 0 0.00 0.00

GRR = 106.50 Ro = 103.26
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cae and T'. floridanus. An intrinsic rate
of natural increase (r,) of 0.121 and a
net reproductive rate (R,) of 103.26
were derived (Table 14). Analysis of
the oviposition data revealed that the
gross reproductive rate was nearly the
same at 106.5. The mean generation
time was 38.3 days.

Cannibalism

Typhlodromus floridanus. Canni-
balism by T. floridanus was uncommon.
Tests conducted within individual ovi-
positional cells indicated that adults
and immature stages, in the absence of
other food, underwent severe hunger
rather than feed upon either the small
stages or weakened individuals of their
own species. After doing without food
for more than 2 days, however, the fe-
males did eonsume their own eggs. Me-
Murtry et al. (1970) referred to six
other species of adult phytoseiids re-
ported to feed on smaller stages of their
own species in the absence of other food.

Stethorus picipes. Cannibalistic tend-
encies were reported for the larvae of
Stethorus bifidus Kapur, 8. picipes, and
8. punctum LeConte by Cottier (1934),
Fleschner (1950) and Robinson (1953),
respectively, and for all the active
stages of S. punctillum by Putman
(1955). In this study, tests consisting of
confining various stages of S. picipes
within individual ovipositional cells
devoid. of spider mites were conducted.
It was found that adults are not canni-
balistic toward each other but that after
a few hours without other food the
larger stages fed upon smaller ones
(i.e., the egg and early instars). It was
also observed in rearing the F, progeny
that, in the presence of an adequate
number of spider mites, larvae of the
same size and age all reached maturity
when isolated together. Thus, the con-
clusion that cannibalism by S. picipes
beecomes an important limiting factor
only when spider mite prey become
scarce is in agreement with that of Put-
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man’s (1955) for S. punctillum. Nichol-
son (1933) theorized that ... the effi-
ciency of the average surviving preda-
tor is inereased by cannibalism, so per-
mitting the steady density of predators
to be maintained in a lower density of
prey than would otherwise be possible.”

Preying of Stethorus spp. upon
Phytoseiids

Tests were conducted in the isolation
cells to determine whether 8. picipes
would feed on T. floridanus, or T. flori-
danus on 8. picipes, when isolated to-
gether without normal prey. These tests
indicated that the second instar, fourth
instar, and adults of S. picipes readily
preyed upon female 7. floridanus after
2 or 3 days. Putman (1955) reported
8. punctillum adults preyed upon the
eggs and nymphs of Amblysetus fallacis
(Garman) and 7. pyri; and all stages
of P. persimilis were preyed upon by
8. gilvifrons when isolated together in
Plexiglass® cages (Kaylani, 1967).

Arithmetic model

Modifying the model proposed by
Huffaker and Flaherty (1966) to mea-
sure the effectiveness of M. occidentalis
on T. wurticae, Laing and Huffaker
(1969) developed a precise arithmetic
model, predicated on certain assump-
tions, to compare the ability of a preda-
tor to overtake high and increasing
prey populations. This model incorpo-
rates both the oviposition and intrinsie
rates of natural increase of the preda-
tor and prey and the consumption rates
by the predator. As emphasized by
Huffaker et al. (1970), this method not
only combines the immediate functional
response of the predator but, more im-
portantly, it also incorporates the de-
layed numerical response. The assump-
tions necessary to generate this model
are: the predator consumes all prey as
eggs; searching for prey is negligible;
predator and prey fecundities are max-
imal; and intraspecific competition does
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TABLE 15
ARITHMETIC MODEL OF A HYPOTHETICAL INTERACTION BETWEEN THE
DEVELOPING PROGENY OF TYPHLODROMUS FLORIDANUS AND THEIR
RATE OF PREY EGG CONSUMPTION

Day Stages* of T. floridanus on successive days and prey eggs consumed t lgghgé_‘gg?iy
1 eggs 0
2 incu 0
3 bating 0
4 a
L(0) 0

5 a b
P(93)1 L(0) 93

6 a b c
P(93) P(93) L(0) 186

7 a b c da
D(86)* P(93) P(93) L(0) 272

8 a b c d [
D(86) D(86) P(93) P(93) L(0) 358

9 a b c da 3 f
DA (106)8 D(86) D(86) P(93) P(93) L(0) 464

10 a b c [ e f g
PA(106) DpA(106) D(86) D(86) P(93) P(93) L(0) 570

11 a b c d e f g h
pA(106) pA(108) pA(106) D(86) P(93) P(93) P(93) L(0) 683

12 8 b c d e f g h i
A(178)¢ pA(106) pA(106) pA(106) D(86) D(86) P(93) P(93) L(0) 854

a b c a Y f g h i j
13 A(178) A(178) pA(106) pA(106) D(86) D(86) D(86) P(93) P(93) L:(0) 912

* A = adult, pA = preovipositional adult, D = deutonymph, P — protonymph, L, — larva.

4120 protonymphs consume 20 X 4.64 eggs per day = 93; 220 deutonymphs consume 20 X 4.32 eggs per
day = 86; 320 p-adults consume 20 X 5.29 eggs per day = 106; 420 adults are composed of 13 females
which consume 13 X 12.19 eggs per day = 157 and 7 males which consume 7 X 3.0 eggs per day = 21 for

a total adult consumption of 178 eggs per day.

not occur. Obviously, in nature, search-
ing is variable in result, especially when
the prey becomes scarce. This model,
when generated from laboratory data
obtained under optimal conditions for
food, space, shelter and the absence of
competition, indicates, however, the po-
tential ability of a predator to overtake
inereasing populations of prey. Tables
were constructed for 7. floridanus simi-
lar to those constructed for P. perstm-
ilis and M. occidentalis by Laing and
Huffaker (1969). Based upon the life
history study, the average ovipositional
rate of this predator is about two eggs
per day. Table 15 was constructed
by starting with 10 mature females
which collectively lay 20 eggs on Day 1,
and projecting the progeny and con-
sumption of these individuals, and the
progeny until adulthood is reached on
Day 13. The rate of egg consumption
was calculated for each stage of devel-

opment, and those of subsequent prog-
eny, based upon prey consumption
studies. After 13 days, this predator
population, having a sex ratio of 1.8
females to one male, would theoretically
have consumed 4,392 0. punicae eggs. If
an initial ratio of 100 O. punicae adult
females to 10 adult 7. floridanus fe-
males is assumed, Table 16 indicates
that the immature population of prey
would be decimated by Day 13. On that
day there would be only 893 prey eggs
present for a population of immature
and adult predators capable of consum-
ing 912 and 120 prey eggs, respectively.
Thus, the food requirements for the
predator could not be met.

Even though O. punicae has a higher
intrinsiec rate of natural increase than
T. floridanus, the latter has the poten-
tial of overtaking and suppressing an
inereasing population of O. punicae.
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TABLE 16

POTENTIAL FOR THE THEORETICAL CONTROL OF OLIGONYCHUS PUNICAE
BY TYPHLODROMUS FLORIDANUS

100 female 10 female
0. punicae T. floridanus
Day No. of eggs eglgg.cg;g:&yed No. of eggs eglgg'cgixsgrexyed Total eggs No. of prey
oviposited by adults oviposited by progeny consumed remaining
1 440 120 20 0 120 320
2 440 120 20 0 120 640
3 440 120 20 0 120 960
4 440 120 20 0 120 1280
5 440 120 20 93 213 1507
6 440 120 20 186 306 1641
7 440 120 20 272 392 1689
8 440 120 20 358 478 1651
9 440 120 20 371 491 1600
10 440 120 20 570 690 1350
11 440 120 20 683 803 987
12 440 120 20 854 974 453
13 440 120 20 912 1032 -139

SUMMARY AND CONCLUSIONS

Separate life history and life table
studies were conducted for the prey
Oligonychus punicae and for the pred-
ators Typhlodromus floridanus and
Stethorus picipes under similar con-
trolled conditions. These studies pro-
vided a background for subsequent in-
vestigations of predator-prey interac-
tions.

The mean developmental time, from
egg laying to adult female emergence
(Table 17), indicated that both mite
species developed faster than did S.
picipes. The developmental and genera-
tion time period for T. floridanus was

about the same as for O. punicae, at
10.50 and 19.60 days, respectively.

Adult female longevity data were de-
rived from the survivorship column
(1) of the life tables. These data indi-
cated that female longevity for both
predators was longer than that of the
prey (Table 17) by 13.00 and 84.50
days. The time required for initial in-
dividuals of each organism to reach 50
percent mortality was estimated from
the survivorship data, which indicated
about 24 days for O. punicae, 40 to 41
days for T. floridanus, and 125 days for
S. picipes.

TABLE 17

BIOLOGICAL PARAMETERS FOR THE PREY, OLIGONYCHUS PUNICAE, AND
PREDATORS, TYPHLODROMUS FLORIDANUS AND STETHORUS PICIPES

Growth fstatistics

0. punicae T. floridanus 8. picipes
Q developmental time (days) 11.50 10.50 21.50
@ mean adult longevity (days) 11.50 24.50 96.00
50% adult mortality (days) 24.00 40.50 125.00
Mean eggs per female (total) 59.00 41.00 221.00
Oviposition rate (eggs/ Q@ per day) 4.35 1.97 3.70
Mean age-specific fecundity* 3.39 1.96 1.12
Sex ratio (@:d") 3.1 1.8:1.0 1.2:1.0
GRR (9/%) 64.49 30.67 106.50
Ro (9/9) 43.07 22.60 103.26
T (days) 17.10 19.60 38.30
rm (9/9 per day) 0.22 0.16 0.12

* Qprogeny/ Q per day.

= Gross Reproductxve Rate; Ro — Net Reproductive Rate; T — Mean Generation Time; rm —

Intrmslc Rate of Natural Increase.
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Mean total eggs per female (Table
17) revealed that S. picipes produced
the largest number of eggs (221 per
female) and 7. floridanus the least (41
per female). Despite a shorter oviposi-
tion period than either predator, O.
punicae adult females not only laid
more eggs per female (59) than T.
floridanus adults, but also laid more
eggs/female per day (4.35) than either
predator (1.97/day and 3.70/day).

With. respect to population growth,
however, the ability of a female to pro-
duce female progeny is more important
than the total number of eggs produced.
This is represented by the mean age-
specific fecundity rate (m,) (Table 17),
for which O. punicae had the highest
value, at 3.39, of the three species, the
value for S. picipes being 1.12, and for
T. floridanus being 1.96. The peak fe-
male progeny production for O. puni-
cae occurred between the 7th and the
12th days (Table 12), followed by a
gradual reduction which seemed to be
correlated with their increasing mortal-
ity rate. In contrast, the number of fe-
male progeny per day for T'. floridanus
reached its maximum after 5 days and
remained at that level for the next 21
days. This was followed by an abrupt
cessation for oviposition within 5 days
(Table 13). The age-specific fecundity
trends for S. picipes females averaged
over one female progeny/female/day
for the first 52 days of their reproduc-
tive period. This was followed by an
irregular and decreasing pattern of
progeny production which indicated
that their initial supply of sperm was
becoming depleted. Oviposition and the
production of female progeny contin-
ued, however, for the next 42 days
(Table 14).

The average sex ratio (@ :d') for S.
picipes was 1.2:1.0; whereas, the ratio
of T. floridanus was 1.8:1.0 and that for
the arrhenotokous O. punicae approxi-
mated 3.0:1.0 (Table 17).

Under conditions which assume un-
limited food, space, stable age distribu-
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tion and the absence of natural enemies,
0. punicae possessed the highest intrin-
sic rate of increase (r,=0.222), fol-
lowed by T. floridanus (0.153) and 8.
pictpes (0.121) (Table 17). As was dis-
cussed by Birch (1948), Andrewartha
and Birch (1954), and Cardona and
Oatman (1975), the higher values of
rm resulted from: 1) a high female pro-
geny production during the first days
of the reproductive period, 2) a shorter
developmental time, and 3) a shorter
generation time.

Under natural conditions, the ca-
pacity for increase is seldom realized by
the prey, because its biotic potential is
being reduced by various amounts of
predation (Laing and Huffaker, 1969).
The biotic potentials of these two pred-
ators are also seldom realized in nature.
The following combination of factors
probably contributed to the ability of
each of these predators, as model-gen-
erated, to suppress a prey population
with a higher potential for increase: 1)
shorter developmental time of T. flori-
danus, cancelling of some of the prey
increase potential by prey consumption
by both predators, with the effect being
greater for S. picipes, 2) greater lon-
gevity of both predators, and 3) a
longer oviposition period of both pred-
ators.

Caution must be exercised when at-
tempting to utilize laboratory model-
generated data (or, for that matter,
actual population interaction data in the
laboratory) to predict natural popula-
tion growth rates of 0. punicae and its
predators. These life table and life his-
tory data should be useful, however,
for estimating the potential population
growth rates of the prey and their two
predators and for developing more so-
phisticated population models.

In feeding tests, T'. floridanus females
had a significant preference for the egg
stage of O. punicae. Parameters of fe-
cundity, rates of prey consumption, and
intrinsic rates of natural increase of 7.
floridanus and O. punicae were used to
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generate an arithmetic model of the
type described by Laing and Huffaker
(1969). At an initial prey:predator
ratio of 10:1, this model indicated that
T. floridanus could annihilate a popula-
tion of O. punicae within 13 days when
feeding only on their eggs.

Data from food preference tests in-
dicated that the larvae and adults of S.
picipes preyed upon all stages of the
avocado brown mite, with large varia-
tions between replicates being the rule
for both individual and total stages.
Life table studies indicated that the lar-
vae were capable of consuming between
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32 and 44 adult O. punicae per day.
Because 8. picipes did not demonstrate
a significant preference for a particular
life stage of the prey, the arithmetic
medel used to simulate the interaction
between T. floridanus and 8. picipes
could not be generated. These data
showed, however, that both the larval
and adult stages of S. picipes possess a
greater consumption capacity than the
females of T. floridanus and S. picipes
also has a comparable intrinsic rate of
increase. It should be capable, therefore,
of annihilating a comparable O. punicae
population in less than 13 days.
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