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ABSTRACT Population fluctuations of the common green lacewing, Chrysoperla carnea
Stephens, and those of the sweetpotato whitefly, Bemisia tabaci (Gennadius), were followed
for 4 yr in cotton, Gossypium hirsutum L., fields in Israel. Samples were taken and insecticidal
controls were applied to determine the importance of C. carnea as a controlling factor of
Bemisia in cotton. The results showed that although the lacewings occurred in the field to-
gether with Bemisia and their larvae fed on Bemisia nymphs, C. carnea was not an efficient
controlling agent of whiteflies. This lack of efficiency probably was related to behavioral pref-
erences of the predator as well as to its nutritional demands that were met only marginally
by feeding on whiteflies. Application of the insecticide monocrotophos often resulted in an
increase in lacewing egg populations. Influence of other insecticides on the eggs and larvae

was often detrimental.
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COTTON, Gossypium hirsutum L., constitutes a
seasonal agroecosystem. In Israel, the crop is sown
between mid-March and mid-April and is harvest-
ed between September and November, according
to regional characteristics and cotton variety. In-
sects and mites of the 2nd (herbivores) and 3rd
(predators and parasites) trophic levels abound in
cotton. Sussman (1988) recorded 397 species of
insects and spiders in Israeli cotton fields. These
included 65 species of direct phytophages that do
or may cause damage to the crop, 98 species of
parasitoids and predators, and an additional 243
species of insects whose role was not determined
clearly.

Severe attacks by sweekEotato whitefly, Bemisia
tabaci (Gennadius), were first registered in Israel
on cotton about 1976 (Gerling et al. 1980). Ever
since, this whitefly has been considered a pest that
is capable of causing moderate to severe damage
to cotton (Gerling 1996). During the past 10 yr, it
has been determined that either a new species, B.
argentifolii Bellows & Perring, or a new biotype
(designated ‘Biotype B’ [Byrne et al. 1995]) of Be-
misia has replaced the one that originally occupied
cotton fields. Because the exact period of transition
between the 2 has not been recorded in Israel, we
prefer to use the generic name Bemisia in referring
to the whitefly that we studied.

It has been demonstrated that very few of the
phytophages found in cotton cause economic dam-
age. For example, Sussman (1988) found that only
14 of the 65 plant-eating species in Israeli cotton

fields were considered pests. Moreover, many of
the pest species are often controlled by natural en-
emies (e.g., Reynolds et al. 1975, Sterling et al.
1989) (i.e., parasitoids, predators, and iisease-
causing organisms).

The presence and role of predators in cotton
fields has been the subject of many studies (e.g.,
Whitcomb and Bell [1964], van den Bosch and Ha-

en [1966], Sugoyaev et al. [1971], Eveleens et al.
1973], Reynolds et al. [1975], Sterling et al
[1989], and Dean and Sterling [1992]). These and
other studies showed that, to reduce the prey pop-
ulation sufficiently, native predators must colonize
the crop rapidly and in large enough numbers.
Thus, tlll)e migration and the colonization rates of
cotton fields by predators and their coincidence
with the pest species in space and time are crucial
for their success in biological control.

A study of predator dynamics became especially
important after the decline in the severity of out-
breaks of Bemisia in Israel (Gerling 1996). We
were unable to associate this decline with a suc-
cessful establishment of newly introduced parasit-
oids, so it was of interest to determine the role of
local predators. Questions that were asked includ-
ed the following: which predators occur in the cot-
ton fields, do they coincide with whiteflies in time
and space, are they abundant enough to affect the
whitefly populations, do they actually feed on
whiteflies, and finally, can we detect correlations
between population fluctuations of the whiteflies
and the predators. Such information would con-
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tribute to the general knowledge of dynamics of
cotton insects. In addition, it could be used in in-
tegrated pest management (IPM) programs and fa-
cilitate the construction of pest suppression pro-
grams that will avoid harming the more relevant
natural enemies. In preliminary observations
(Sussman 1988) we established that the 3 most
prevalent predators in our cotton fields were Chry-
soperla carnea (Stephens) Orius spp., and Deraeo-
coris pallens Reuter.

Therefore, we ran a series of field experiments
in which Bemisia, these predators, and the para-
sitoids Encarsia lutea (Masi) and Eretmocerus
mundus Mercet were counted regularly in both
untreated and treated cotton fields. The current
article reports the results of these experiments in
relation to the green lacewing, C. carnea.

Materials and Methods

Field Location, Cotton Varieties, Sampling
Season, and Frequency. Samples were taken in 2
regions, the Bet Shean area, which is a low-lying
valley (=250 m below sea level) with maximal daily
temperatures for July through September of
~35-42°C, and the fields of Kibbuz Zora (1992
and 1993), some 30 km east of Tel Aviv in the
Judean foothills with maximal daily temperatures
for July through September of ~29-34°C. In the
Bet Shean valley we sampled either the fields of
the Eden Experimental farm (1990) or of Kibbuz
Maale Gilboa (1992 and 1993). Both Zora and
Maale Gilboa are commercial farms, but untreated
cotton plots that were otherwise identical with the
commercial fields were placed at our disposal. The
cotton variety in the Bet Shean area was ‘Eden 1’,
which is a cultivar of Acala. In Zora, the cotton
variety was ‘Acala SJ2. Cotton is sown in the Bet
Shean region during the 2nd half of March and in
Zora in late April. Sampling began during June,
and ended in September.

Field observations were made during Septem-
ber of 1991 on experimentally grown, young cotton
plants that were planted in July. The plants sup-
ported a predator population during August and
September that was absent from the normally
grown cotton, planted in March. These results sug-
gested that the very low predator numbers that
normally are observed during August and Septem-
ber might not only be correlated with a decline in
prey abundance, but also with plant age. To ex-
amine this pattern we includeg 2 experimental
fields in Maale Gilboa in 1992: one planted as
scheduled in March (ie., regular) and the other
planted 2 mo later in May (i.e., late).

Field Sizes and Sampling Design. In each field
we were allotted a plot of =1-4 ha. It was subdi-
vided into 6 replicates for each treatment, ranging
in size from 8 by 10 m each (Zora field in 1993)
to 36 by 36 m each (Maale Gilboa field in 1993).
The replicates were separated by at least equally
large buffer zones. Each replicate was sampled
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once each week. Predators were sampled by the
‘visual’ method (Gonzalez and Wilson 1982). With-
in each replicate, 1 m row of cotton was selected
randomly. Each plant was examined in detail from
top to bottom and any predator that was sighted
was registered. Immature whiteflies were sampled
by randomly choosing 10 plants in each replicate.
On each of these, leaves 5-7 from the plant top
were checked and the most infested one (“maxi-
mally infested” leaves, Gerling et al. [1980]) was
chosen and examined in the laboratory under a ste-
reomicroscope. Third- and 4th-instar whiteflies
and the presence of parasitoids therein were
counted and registered.

Insecticide Control Plots. The influence of
specific spraying programs on the insect popula-
tHons was examined on 2 occasions. In both, we
used monocrotophos (6 grams/liter [Al], at 2,000
liter/ha) because our greenhouse observations
showed that this material had only a minor effect
on the whiteflies, whereas the predators seemed to
be strongly affected. During 1990 in the Eden ex-
perimental farm, we applied monocrotophos twice
(19 June and 10 July) when other fields in the re-
gion were treated with that material against pink
bollworm, Pectinophora gossypiella (Saunders). In
1993, we set up an experiment in Zora on 12 plots
(8 by 10 m each) within an untreated cotton Eeld.
Six plots were treated with monocrotophos and 6
were left as controls. Three successive treatments
were made on 4, 10, and 17 August. Treatments
with insecticides were carried out with tractor-
pulled boom sprayers or in 1 case with a back-pack
sprayer. Spraying was conducted in the early mom-
ing hours in calm air and care was taken in all cases
to avoid drift from reaching adjacent plots. Statis-
tical differences between means of population lev-
els were determined by performing a t-test follow-
ing a square-root transformation (Sokal and Rohlf
1981).

Results

The current work confirmed previous observa-
tions (Bar 1982) that C. carnea occurred in all
fields throughout the season. However, the relative
abundance of populations as a whole and of the
different instars was not uniform among sampling
sites and/or seasons. For example, in Zora in 1992,
egg populations showed 2 peaks (6 July and 19
August) and the larval population was very low (0
to <0.2 larvae per meter row) until August when
it rose to a continuously high level of 2.8-4.1 larvae
per meter row (Fig. 1A) and decreased in mid-
September.

A year later, eggs in the same field were most
abundant around 12 July after which their num-
bers declined. Egg population was followed by a
peak larval population around 20 July. Later, much
lower egg and larval peaks occurred between 19
August and 14 September (Fig. 1B). In Maale Gil-
boa (regular), during 1992, the highest numbers of
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Fig. 1. Population fluctuations of eggs and larvae of C. carnea in untreated cotton fields in Zora during (A) 1992

and (B) 1993.

eggs occurred on 12 and 30 June and 27 August,
but the larval population remained very low, reach-
ing a maximum on 3 September (Fig. 2A). During
1993, three peaks of egg deposition in Maale Gil-
boa were recorded on 17 June, 7 July, and 20 Au-
gust, and 3 distinct peaks of larval population oc-
curred on 22-30 June, and on 3 and 30 August
(Fig. 2B).

Egg population peaks that were recorded in all
locations and years reached between 5 and 70.4
eggs per meter row, whereas larval populations

never exceeded 14.1 and usually reached 4-7 per
meter row (Table 1). Peaks of egg abundance often
were followed by a rise in larval populations, but
a substantial numerical gap occurred between the
2. With the exception of Zora 1992, where late
larval populations slightly exceeded the egg popu-
lations (3.5 eggs versus 4.1 larvae) and Zora 1993
where larval populations neared 40% of the egg
population (19 eggs versus 7.4 larvae), the larvae
never exceeded 20% of the egg population (Table
1; Figs. 1 and 2). Significant correlation coeffi-
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Fig. 2. Population fluctuations of eggs and larvae of C. carnea in untreated cotton fields in Maale Gilboa during
(A) 1992 and (B) 1993. Regular, cotton sown in mid-March; late, cotton sown in mid-May.

cients between the number of eggs and the num-
ber of larvae 1 wk later were found in Eden 1990
(r = 0.54, P = 0.028, n = 16), Maale Gilboa 1992
(regular: r = 0.72, P = 0.018, n = 16; late: r =
0.86, P < 0.0001, n = 11), and Zora 1993 (r = 0.6,
P = 0.013, n = 16). However, only those of Maale
Gilboa 1992 exceeded 0.6, indicating a strong re-
lationship between egg and larval populations.
Presence of Whitefly and Other Prey and
Correlation with C. carnea. Many of the whitefly
populations did not reach high levels. Using the

terminology of Horowitz (1986), a normal phase of
moderate growth was often observed in May and
June. During that time, whitefly adults and their
progeny appeared in low numbers, The later ex-
ponential growth and the resulting outbreak and
high whitefly numbers that typify large populations
usually did not develop (Table 2). Populations ex-
ceeding 10 nymphs per leaf were only observed in
2 cases. In Zora during 1993, a whitefly population
developed on sunflowers near the experimental
cotton field. The sunflowers dried out during June,
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Table 1. Occurrence of maximal levels of C. carnea
eggs and larvae in the sampled cotton fields
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Table 2. Maximal numbers of whitefly nymphs per
leaf found each month in the experimental, untreated
cotton fields

. Eggs Larvae Lag, %
Field Date (m—grgw) (m-row) dg Larvae? Field June July Aug.  Sept.
Eden 1990 7 Aug. 24.7 14 19.5 Eden 1990 2.7 35 4.3 5.1
21 Aug. 4.82 Maale Gilboa 1991 —_ 10.7 89 3.4
Maale Gilboa 1992 27 Aug. 544 7 134 Maale Gilboa 1992 regular L5 14 6.4 5.8
regular 3 Sept. 7.3 Maale Gilboa 1992 late — 77 440 6.7
Maale Gilboa 1992 27 Aug.  70.4 7 20 Zora 1992 0 0 6.2 5.0
late 3 Sept. 14.1 Maale Gilboa 1993 24 3.4 2 2.5
Zora 1992ab 2 July 5 7 8¢ Zora 1993 16 55 929 473
9 July 04
Zora 1992b) 19 Aug. 3.5 12 117 Each number represents the highest weekly mean of 10 leaf
31 Aug. 4.1 samples during the respective month.
Zora 1993 12 July 19 8 38.9
20 July 74
Maale Gilboa 1993 7July 222 27 10¢
3 Aug* 36 field 1 and 2 wk later (Table 3). The rationale for

9 Index of survival (number of 4th instar nymphs/number of

eggs X 100).
Early and late population dynamics differed markedly, there-

fore both are presented here.

¢ Maximal larval populations in Zora 1992a and Maale Gilboa
1993 did not follow the maximal egg population. The numbers
and survival index given here represent the larval population
peaks calculated for 10 d after the highest egg population.

resulting in a mass migration of the whitefly to the
adjacent cotton field. From July on, populations
reached averages of 55 (July) and 92.9 (August)
nymphs per leaf. These populations declined to
=30-40 nymphs per leaf during September (Fig.
3B).

A 2nd case of high whitefly populations occurred
in the young cotton field experiment in Maale Gil-
boa in 1992. During July this cotton was only light-
ly infested. During August, the population rose
abruptly to =~44 nymphs per leaf, only to drop to
few individuals per leaf at the end of the month
(Table 2; Fig. 4A). The low populations during
many of the counting periods prevented the for-
mation of clear population peaks that would indi-
cate discreet generations. However, examination of
the fluctuations in the different fields suggests the
development of =~3-4 generations during the sea-
son, depending on the 1st appearance of whiteflies
(e.g., Zora 1993, Fig. 3B).

During weekly samples, we also noted the exis-
tence of additional insect species in the cotton
field. No exact counts were taken, but information
was obtained about the presence of species that
could serve as prey for the predators. Aphids oc-
curred abundantly on 1 occasion, in Maale Gilboa
1991. Various ocﬁ,er pest insects were also occa-
sionally present. Pink bollworm was often very
abundant, especially in Maale Gilboa, where nu-
merous insecticide treatments were necessary for
its control in commercial cotton fields.

Based on the census results, regression analyses
were run to determine the relationships between
the population fluctuations of the lacewings and
the whiteflies. The relationships of Bemisia were
examined versus C. carnea eggs found on the same
date, and versus C. carnea larvae present in the

choosing these dates was based on the fact that we
sampled the fields once each week. It was assumed
that if lacewing females responded to fluctuations
in whitefly populations by changing their oviposi-
tion rates, these changes should be apparent al-
most contemporaneously with whitefly population
changes (i.e., within the same sampling week). Lar-
vae develop over some 20 d and therefore the re-
sponse of their populations may manifest itself lat-
er, during the next 2 wk. Results (Table 3) show
that correlations between the numbers of white-
flies and those of lacewing progeny fluctuated
widely, and, except for the late planting date of
Maale Gilboa 1992, were weak and statistically in-
significant.

The examination of the 2 fields in which whitefly
populations reached damaging levels was of partic-
ular interest. These included Zora 1993 in which
no correlation between the lacewing populations
and those of the whiteflies could be found, and the
late planting date of Maale Gilboa 1992 which had
an upsurge of whiteflies that lasted for only 3 wk.
The latter showed a high and significant correla-
tion with the larval population of C. carnea (Table
3). Because the rise in whitefly populations in that
field was very sudden, from 7.4 larvae per leaf on
8 August to 44.3 on 13 August, we also examined
the correlation between the lacewing egg popula-
tion on the week following that of the whiteflies.
Here the correlation proved positive and nearly
significant (r = 0.64, P = 0.059, n = 11). In the
light of these results, we also examined the rela-
tionships between whitefly abundance and ovipo-
sition a week later for all other fields. None showed
strong or significant correlations.

Influence of Insecticides. Monocrotophos
spraying programs in the Eden experimental Farm
in 1990 were made on lightly infested cotton with
counts of 5 or fewer nymphs per leaf (Fig, 4B). As
noted, application was timed to correspond with
the normal period of treatment in commercial
fields. The whitefly populations rose after the early
monocrotophos treatments. However, the new
whitefly level reached significantly higher numbers
(t = 255, df = 97, P < 0.01) than the untreated
level only 2 wk after the 2nd application.
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Fig. 3. Effect of commercial insecticide treatments on population fluctuations of Bemisia in Zora during (A) 1992

and (B) 1993. Arrows indicate insecticide treatments.

Applications of monocrotophos in Eden 1990
were followed by a significant rise in the number
of C. carnea eggs found in the field (Table 4; Fig
5A). It is noteworthy that the significant rise in the
number of eggs after the 2nd application occurred
after a natural decline in both control and treated
populations.

The 2nd experiment with monocrotophos took
place in 1993 at Zora. Whitefly populations
reached 20 or more nymphs per leaf. Applications

of the insecticide were followed by a significant
rise in the number of whiteflies. From 42.6 to 109
nymphs per leaf (¢ = —12.14, df = 39, P < 0.0001)
(Fig. 5B). This rise was accompanied by a rise in
C. carnea populations. However, a similar, though
somewhat lower, rise was recorded in C. carnea in
the control plot where no increase in the Bemisia
population occurred.

Commercial treatments often resulted in the re-
duction of both whitefly and predator populations.
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In 1992, in Maale Gilboa, where only the regular
cotton was treated with insecticides, both adults
and larvae of C. carnea were affected. The effect
on adults was apparently detrimental, because ovi-
position droppec}) significantly (Table 4) both after
the 1st treatment and later from the 3rd treatment

onward (Fig. 6A). The effect on larvae was consis-
tent, but minor, and significant only on 3 Septem-
ber (¢t = 3.375, df = 6, P < 0.01) (Fig. 6B). In
Zora, populations of C. carnea declined signifi-
cantly both in 1992 and 1993 after commercial in-
secticide treatment (Table 4; Fig. 7).
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Table 3. Correlation coeflicients between the num-
bers of Bemisia nymphs per week and the numbers of C.
carnea eggs and larvae

Correlation coefficients (n) for stage:

Field

Larvae, Larvae, Eggs,

1wklag 2wklag no lag
Eden 1990 0.07 (16)  0.11 (15) 0.41 (17)
Maale Gilboa 1992 regular 0.22 (13) 0.46 (11) 0.34 (14)
Maale Gilboa 1992 late 056 (9) 080(8)  0.13(10)
Zora 1992 - 025 (16) —-0.84 (15) 0.64 (17)
Maale Gilboa 1993 0.08 (16) 0.40 (15) 0.38 (17)
Zora 1993 021 (16) 0.18(15) 0.12 (17)

Correlation coefficient was significant at the 5% level or less.
Numbers of C. carea used were those obtained 1 or 2 wk after
those obtained for the whiteflies.

Discussion

Records of whitefly outbreaks since 1977 have
shown that Bemisia may reach very high popula-
tions in Israeli cotton fields (Gerling et al. 1980,
1986). However, our sampled areas, with the ex-
ception of Maale Gilboa 1992 late and Zora 1993,
were typified by very low populations of the pest.
The studies of C. carnea populations presented
here cannot explain this observed decline.

The role of C. carnea as a predator of Bemisia
in cotton can be assessed using several criteria: co-
existence with the prey in time and space, preda-
tory capacity, prey preference, abundance in the
field, and mobility. :

Although Bemisia and C. carnea coexisted in the
field, we found no direct relationship between
their numbers. Neither could the differences in
predator abundance in different years be explained
by whitefly abundance. This resulted in a general
lack of correlation between C. carnea and Bemisia
nymphs (Table 3). The fact that C. carnea popu-
lations in Maale Gilboa 1992 late were significantly
correlated with those of Bemisia and that a sudden
rise in predator populations followed an upsurge
that occurred in the hosts may suggest a strong
response of C. carnea to changes in the popula-
tions of Bemisia. However, examination of Fig. 2A
shows that a similar rise in predator populations
occurred also in the regular field in which Bemisia
populations were low. Considering that predators
are not associated with the extensive mortality of-
ten encountered by whitefly eggs and 1st-instar
nymphs (Horowitz et al. 1984), we must assume
that the fluctuations of C. carnea were caused by
other, nonwhitefly factors.

The reasons for the apparent lack of response of
C. carnea to Bemisia may be linked to the feeding
preferences of the predator and predatory capacity
(i.e., which stages of whiteflies and how many in-
dividuals of these stages will lacewing larvae eat).
Butler and Henneberry (1988) showed that lace-
wing larvae will consume all whitefly instars. De-
pending on instar, C. carnea larvae took half a min-
ute or less to consume each whitefly egg, up to 1
min to consume nymphs, and between 4 and 5 min
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Table 4. Significance values for the influence of mon-
ocrotophos treatments on C. carnea

. Mean
Field and Stage Mean treat- t-value df P<
date control
ment
Eden 1990
3July  Eggs 140 256 28 18 001
10 July 12.9 23.5 39 18 0.001
24 July 5.2 10.0 2.2 18 0.05
Eden 1990
10 ]u]y Larvae 2.3 5.5 2.1 18 0.05
7 Aug. 35 5.7 2.1 18 0.05
Maale Gilboa 1992
20 July  Eggs 94 38 25 6 005
20 Aug, 48.3 24.6 2.5 6 0.05
27 Aug. 58.1 23.1 3.7 6 0.01
3 Sept. 34.7 14.3 5.3 6 0.001
14 Sept. 18.9 1.6 7.9 6 0.001
21 Sept. 23.7 2.6 9.9 6 0.001
Zora 1992
5 Aug.  Larvae 2.8 02 40 5 001
11 Aug, 3.0 0.7 3.3 5 005
18 Aug. 2.8 0.7 3.3 5 001
25 Aug. 4.2 0.7 3.4 5 0.01
2 Sept. 3.7 1.3 2.4 5 005
Zora 1993
25 Aug.  Eggs 3.8 0.0 — 5 —
Zora 1993 .
20 July  Larvae 7.2 02 48 5 0005
27 July 65 03 56 5 0005
4 Aug, 40 00 — 5 —
11 Aug. 38 0.2 44 5 0.005
18 Aug. 2.3 0.3 32 5 0.05

to consume pupae or adults. Afzal and Kanh
(1978) reported that each C. carnea consumed
23.3 whitefly pupae per day, or =511 pupae during
their development. Kappadia and Puri (1992), who
used a mixture of nymphs rather than pupae alone,
reported an average of 21.3 nymphs consumed per
day, or 203.2 during their development. Both also
observed that C. carnea preferred aphids to white-
flies. Moreover, Kappadia and Puri (1992) reported
that the development of the 2nd and 3rd instars of
the lacewing were prolonged significantly when
their diet was whiteflies as compared with aphids.
These observations conform with those of Lazare
(1994) who showed that C. carmea larvae prefer to
attack nymphs of Aphis gossipii Glover over those
of Bemisia. The preference of aphids over Bemisia
corresponds also to observations that Bemisia
nymphs constitute a poor diet for nonspecialized
predators such as C. carnea larvae, especially be-
cause of their low methionine levels (A. C. Cohen,
USDA-ARS Western Cotton Research Laboratory,
unpublished data).

In addition to the temporal synchronization of
population patterns, our results also point to nu-
merical inadequacy of the lacewings in relation to
whitefly nymphs. Except for Maale Gilboa in 1992,
populations of C. carnea reached a maximum of
=4-7 larvae per meter row (Table 1) even when
there were nearly 100 whitefly nymphs per leaf as
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in Zora 1993. With =7-8 plants per meter, this
amounts to a maximum of 1 larva per 1 or 2 plants.
However, as noted, the number of whitefly im-
matures consumed per day by C. carnea larvae
does not exceed 25 or =500 during their 20-d de-
velopment from egg to pupa. If we take into ac-
count that the presence of a leaf bearing a number
of whiteflies usually indicates the existence of ad-

ditional infested leaves on the same plant (Gerling
et al. 1980), it is evident that 1 C. carnea larva or
less per plant cannot act as an efficacious whitefly
controlling agent during pest outbreak periods.
However, because it is a predator of whiteflies, it
contributes to whitefly suppression and could aug-
ment the prevention of outbreaks during low
whitefly populations.
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Our data support the statement made by Mil-
brath et al. (1993) that although ‘many predators
may be assumed to have a very broad range of food
selection, in reality their choice is limited by both
dietary needs and behavior. Although C. camnea oc-
curs throughout the cotton season in all cotton
fields, and it can consume Bemisia immatures, nu-

tritional deficiency, the number of whitefly nymphs

consumed per day, and the preference for other
prey may play an important role in reducing its
importance as a predator of Bemisia.

In Eden 1990, C. carmea egg populations rose
significantly 1-2 wk after treatment with monocro-
tophos (Fig. 5A). The oviposition pattern followed
closely that of the untreated control, but at a much
higher rate. It is possible that the use of monocro-
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tophos did not diminish the numbers of the adults
either through direct toxic effects or throu%}'l ef-
fects on the larvae, or that the insecticide had a
.direct or indirect stimulating effect on the number
of eggs that adult C. carnea will lay.

The observed rise in oviposition was followed by
a significant rise in larval populations, which de-

clined again shortly afterward (Fig. 5A). This de-
cline was possibly the result of the lack of sufficient
food for the developing larvae. Lack of food might
also have been the cause for the discrepancy be-
tween the egg population levels and that of the
larvae that generally was observed. The results of
our sampling, during which all plant parts were
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inspected thoroughly, and in which very few po-
tential prey were found, also support this hypoth-
esis. A gap between egg and larval populations had
already been observed by Whitcomb and Bell
(1964) and Wilson and Gutierrez (1980) who spec-
ulated that this was caused by immature larval
mortality, possibly the result of intraguild preda-
tion. Recently, Rosenheim et al. (1993) showed
that, indeed, intraguild predation may account for
some of the gap between egg and larval popula-
tions. Althoug%l such predation might also have oc-
curred early in the season in the fields that we
studied, it could not have accounted for the gap
later on, because at that time C. carnea was the
only predator present in the field in appreciable
numbers (Lazare 1994).

An examination of Fig. 2 and of Table 1 may
illustrate the complexity of the situation. The pop-
ulation peaks for C. carnea occurred each year at
a different part of the season, in Maale Gilboa
1992 (regular) they occurred in August, when
practically no other predators existed, and in Maale
Gilboa 1993 in earﬁ)y July, when Orius spp. and
other predators were still present (Lazare 1994).
However, the index of survival (i.e., the percentage
of nymphs that made it to the 4th instar, out of the
eggl population) for the 2 yr was similar (Table 1),
indicating approximately equal mortality both with
and without predators. Yet, a much higher corre-
lation between egg and larval populations was
shown for both years during the end of the season,
when other predators were rare or absent, than for
the first 10 wk when other predators abounded.
This may point to the possible importance of mor-
tality factors that were more intense in the first
part of the season.
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