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Life history and life table analysis of the whitefly predator
Delphastus catalinae (Coleoptera: Coccinellidae) on collards

TONG-XIAN LIU

Vegetable IPM Laboratory, Department of Entomology, Texas Agricultural Experiment Station, Texas A&M University,
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Abstract Theladybeetle, Delphastus catalinae (Horn), is one of the most commonly used
predacious natural enemies being commercially reared for controlling whiteflies, including
Bemisia tabaci (Gennadius) biotype B (= B. argentifolii Bellows & Perring), on various
ornamental and vegetable crops under greenhouse conditions. The development, survivorship,
and fecundity of D. catalinae feeding on B. tabaci biotype B on collard plants were
determined in the laboratory, and the age-specific life table parameters were analyzed based
onthelifehistory data. Developmental timewas4.0, 1.9, 1.1, 1.4, 5.2, and 5.3 daysfor eggs,
first, second, third, fourth instars, and pupae, respectively, with an average of 18.9 daysfrom
oviposition to adult emergence for both sexes, 19.0 daysfor females, and 18.8 daysfor males.
Adult longevities averaged 146.6 days for both sexes, 122.6 daysfor females, and 170.5 days
for males. After an average 4.9 days preoviposition period, femaleslaid amean of 5.6 eggs
per day over a97.0-day period. Net reproductive rate (R;) and gross reproductive rate (3 m)
were estimated by life table analysis at 276.8 and 325.1, respectively. Generation time (T)
and doubling time (DT) were 35.6 and 4.8 days respectively, and theintrinsic rate of natural
population increase (r,,,) was estimated at 0.158, or | = 1.171 for the finite rate of increase.
Ther,, valueof D. catalinae issimilar to or higher than those of the whitefly feeding on most
vegetable and ornamental crops, indicating that the ladybeetle is capable of regulating
populations of B. tabaci biotype B and other whiteflies under greenhouse conditions.
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Introduction

Theladybeetlesin the genus Del phastus Casey (Coleoptera:
Coccinellidae) are important predators of whiteflies, in-
cluding three native North American species, D. catalinae
(Horn), D. pallidus (LeConte) and D. pusillus (LeConte)
(Mumaet al., 1961; Meyerdirk et al., 1980; Gordon, 1985,
1994; Hoelmer & Pickett, 2003). Because of the outbreaks
of Bemisia tabaci (Gennadius) biotype B (= B. argentifolii
Bellows & Perring) (Homoptera: Aleyrodidae) on
vegetables, ornamental plants, and field cropsin the 1980s
(Hamon & Salguero, 1987; Bellows et al., 1994) and
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insecticide resistance thereafter (Prabhaker et al., 1997),
considerable attention has been directed toward biological
control of the whiteflies using natural enemies. Of numer-
ous predacious natural enemies, D. catalinae (reported
previoudly as D. pusillus) has been one of the most studied
ladybeetle predators (Hoelmer et al., 1994b), and has
gradually become one of the most commonly used com-
mercially reared predacious natural enemies used for con-
trolling whiteflies on various ornamental and vegetable
crops under greenhouse conditions (Hunter, 1998). Hoelmer
and Pickett (2003) recently pointed out that many recent
studies on the life history, biology, and behavior of D.
pusillus actually refer to D. catalinae, including those
studies by Hoelmer et al. (1993), Heinz and Parrella
(1994), Heinz et al. (1994), Hoelmer et al. (19944), Heinz
and Nelson (1996), and Heinz and Zalom (1996).

In astudy to determine the lethal and sublethal effects of
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two insect growth regulators, pyriproxyfen and buprofezin,
on adult D. catalinae, Liu and Stansly (2004) also exam-
ined the effects of insect growth regulators on the life
history parameters including development times of
immatures, and longevities of both female and male adullts.
They found higher fecundities of D. catalinae on collards
than those reported in the literature (Hoelmer et al., 1993;
Heinz etal., 1994; Heinz & Zalom, 1996). To confirm their
findings, acomprehensivelife history study of D. catalinae
was conducted to compare the results with those reported
in the literature, although the published results were ob-
tained from avariety of different host plants. This paper
reportsall life table parameters, including theintrinsic rate
of natura increase (r,,), gross reproductive rate (3 m,), net
reproductive rate (R,), generation time (T), finite rate of
increase ( 2 ), and doubling time (DT), which are essential
for utilization and predicting the outcome once D. catalinae
isintroduced for management of whiteflies under green-
house conditions.

Materials and methods
Delphastus catalinae and prey

Delphastus catalinae were originally supplied by the
ArizonaBiological Control Inc. (Tucson, Arizona, USA)
in 1998, and were maintained in a greenhouse at the
Vegetable IPM Laboratory, Texas A&M University Agri-
cultural Research and Extension Center at Weslaco, Texas,
USA. Collard (Brassica oleracea L. var. acephala,
‘GeorgialLS’) was used as the host plant for the prey, B.
tabaci biotype B. The collard plants were grown in 15-cm
plastic pots filled with Metro-Mix 300 growing medium
(Grace Sierra, Horticultural Products Company, Milpitas,
California, USA), to which sufficient slow release fertil-
izer (N-P-K: 12-8-6) was added as needed to maintain
normal growth.

All experiments were conducted in an air conditioned
insectary at 26.0 + 2°C, 55 + 5% RH, and a photoperiod
of 14: 10 (L: D) hours. Voucher specimens of D. catalinae
were deposited in the Insect Collection of the Texas Agri-
cultural Experiment Station, Texas A&M University at
Wedlaco, Texas, USA.

Life table data

Adult D. catalinae from the greenhouse culture were
placed on collard plants bearing whitefly eggs (>30 eggs
per square centimeter, and ~ 1 000 eggs per leaf) for
oviposition. All life table data of D. catalinae were
obtained beginning with newly deposited D. catalinae

eggs (<12 h), and ending when al adultsdied. Initidly, 50
newly deposited eggs were collected and individually
isolated on circular leaf disks (4.5 cm diameter) that were
individually placed in clear plastic Petri dishes (9 cm
diameter x 1.5 cm in depth). A piece of filter paper (8 cm
indiameter) was placed on the bottom of the dish, and afew
drops of water were added daily for moisture. These eggs
were monitored daily until larval hatching. Neonate larvae
wereindividually removed using a camel-hair brush (No.
00) onto apiece of collard leaf with >500 whitefly eggsin
a Petri dish. Development, molts and pupation of these
larvae were recorded daily until adult emergence.

A few hours after adults emerged, they were sexed, and
males were paired with females. Each pair wasplacedin a
Petri dish (9 cm diameter x 1.5 cmin depth) containing a
7—8 cm collard leaf disk bearing >1 000 whitefly eggs.
Leaf disks bearing whitefly eggs were replaced daily. The
beetlesin each Petri dish were monitored daily. If themale
of the pair died within 20 days, another male of approxi-
mately the same age that had been maintained in several
extraPetri dishesfor this purpose was added. Datafrom 16
pairs of D. catalinae adults were used in the analysis.
Numbers of eggs deposited by each adult female on the | eaf
diskswere counted and examined after new leaf diskswere
replaced. The leaf disks bearing D. catalinae eggs were
then individually incubated in separate Petri dishes until
either the eggs died or larvae hatched.

The following parameters were obtained: development
of eggs, development of each instar and pupage, sex ratio of
emerged adults, preoviposition period, adult longevity,
fecundity, oviposition period, eggs that were oviposited
per day per female, and eggs that eventually hatched.
Developmental time, percentage of survival, duration of
oviposition, and total eggs per female were analyzed using
analysis of variance (ANOVA), and means were separated
using least significant differencetest (SASInstitute, 2003).

Lifetable analysis

The age-specific life table method (Birch, 1948) was
used to analyze life table parameters. Age-specific survi-
vorship beginning with pivotal age of 0.5-day-old adults
and age-specific reproduction were used to construct alife
table. Intrinsic rate of increase (r,,) was computed using the
Euler equation:

2erl,m=1,
where |, is survivorship of the original cohort over age
interval from day x-1 to day x (pivotal age), and m, isthe
mean number of female offspring produced per surviving
female during the age interval x (Birch, 1948). Other
parameters, including gross reproductive rate (3 m,), net
reproductive rate (R,), generation time (T), and finite rate
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of increase ( 2 ), were calculated as described by Birch
(1948). Doubling time was calculated from: DT = (In 2)/r
(Mackauer, 1983). All life table parameters were com-
puted using an SAS program written by Maiaet al. (2000).

Results
Development of immature stages

All eggsof D. catalinae successfully eclosed in 4 days
(Table 1). Of the four instars, the development time for
each of the first three instars (unsexed) was 1—2 days,
whereas that for the 4th instars was much longer, 5.2 days.
The development time for pupae was 5.3 days, and that
from egg to adult emergence was 18.9 days. There were no
significant differencesin devel opment times between each
corresponding stage that developed to either female or
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Fig. 1 Fecundities of Delphastus catalinae feeding on Bemisia
tabaci biotype B on collards.

Table 1 Development and mortality of Delphastus catalinae immature stages feeding on eggs of Bemisia tabaci biotype B on

collards.

Development, Days + SE Survival (%)

Stage Overdl Female Male Hoelmer et al.

(1993)"

Egg 4.0+ 0.0 4.0+ 0.0 4.0 + 0.0 41+ 0.2 100.0
1st instar 19+01 20+01 19+01 1.8+ 0.2 100.0
2nd instar 11+01 11+01 11+01 14+01 95.9
3rd instar 14+01 14+01 15+01 1.8+ 03 91.8
4th instar 52+ 01 51+01 50+ 0.2 6.6 91.8

Larval stage 9.6 + 0.2 9.6 + 0.2 95+ 0.2 11.6 88.4

Pupa 53+0.1 54+ 0.1 53+ 0.1 6.1+ 0.2 100.0

Egg to pupa 189+ 0.1 19.0 + 0.2 188 + 0.1 21.8* 88.4

T On hibiscus (see discussion in thetext). ¥ Combined the days of 4th, 4th (pupating) and 5th instars.

male adults (F, 3= 0.01-1.02; P = 0.3198—0.9184). Of the
emerged adults, 22 were females, and 16 were males,
giving asex ratio of 1.00: 0.73 of female: male (n = 38), or
57.9% females and 42.1% males.

Age-specific fecundity

Newly emerged adult femal es began laying eggs on day
5, and deposited one or more eggs on each of an average of
83.8 days during an average oviposition period of 97.0
days (Table 2). Over 50% of total eggs were deposited in
thefirst 37 days, 80% in thefirst 68 days, 90% in thefirst
80 days, and 100% on day 142 (Fig. 1). Each female
deposited an average of 6.5 (range 1—22) eggs on each of
its oviposition day, with an average of 544.0 eggs (range
186—728) per female during its lifespan, and a daily
average of 5.6 eggs (range 0—22) during the entire ovipo-
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sition period.
Adult longevity

Adult longevity varied from 70 to 233 days, with an
average of 146.6 days over both sexes. Femaleslived 70—
194 dayswith an average longevity of 122.6 days (n = 16),
and males lived 95 to 233 days with an average longevity
of 170.5 days (n = 16). Male adults lived significantly
longer than females (F, 5 = 12.67; P = 0.0011).

Age-specific survivorship and life table parameters

All eggs successfully developed to larvae (100%, n =
43), 88.4% larvae (n = 39) successfully pupated, and all
pupae (n = 38) developed to adults (Table 1, Fig. 2). Only
five immature individuals died before maturity. Survival
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Fig. 2 Age-specific surviva rate (l,) of Delphastus catalinae
feeding on Bemisia tabaci biotype B on collards.

Table 2 Life history parameters and related statistics of
Delphastus catalinae fed on eggs of Bemisia tabaci biotype B on
collard leaf disksin Petri dishes.

Parameter Vaue

No. ¢ ¢ incohort 16

No. & & in cohort 16
Longevity of adults, d 146.6 + 8.2
Longevity of ¢ ¢2,d 122.6 + 95
Longevity of 34 ,d 170.5 + 10.7
Fractionof ¢ ¢ (¢ :d =1.0000: 0.7272) 0.5789
Survivorship from egg to adult 0.8837
Preoviposition period, d 49 + 04
Oviposition period, d 970+ 7.6
Days > 1 eggs were deposited 83.8 + 6.8
Fecundity per 2 544.0 + 26.9
No. eggs per ¢ /oviposition d 6.5+ 0.1
No. eggsper ¢ /dduring entireoviposition period 5.6 + 0.1
Egg survival rate % 95.9 + 0.7

rates of adultswere high, and thefirst adult died on day 70
(one female) (Fig. 2). Over the lifespan of the adults for
both sexes, 50% survived to day 139 and 20% survived up
to 187 days. Males generally lived longer than females.
Approximately 50% of males lived up to 187 days, and
20% up to 214 days, compared with 123 and 153 for the
same survival rates for females. Of the 8 704 eggs depos-
ited by the 16 females, 95.9% devel oped to larvae.

Based on all life history parameters above, the intrinsic
rate of increase (r,) of D. catalinae was 0.158, the net
reproductiverate (R,) was 276.8 offspring, thefinite rate of
increase (A) was 1.171, the generation time (T) was 35.6
days, the doubling time (DT) was 4.4 days, and the gross
reproductive rate (> m,) was 325.1 offspring (Table 3).

Discussion

Many of thelife history and life table parameters, including
development of immature stages, longevity of both adult
females and males, and fecundity of the adult females,
obtained from this study are higher than those reported in
previous studiesfor D. catalinae (originally reported asD.
pusillus) (Hoelmer et al., 1993; Heinz et al., 1994; Heinz
& Zalom, 1996). Recently, Hoelmer & Pickett (2003)
summarized the historical reasonsfor the misidentification
of the two species, and considered that all recent studies of
D. pusillus by Hoelmer et al. (1993, 19944, b), Heinz &
Parrella (1994), Heinz & Nelson (1996) should be D.
catalinae. Nevertheless, al major life history parameters
of D. catalinae were remarkably different from those
reported in the previous studies, which different host plants
were used, and host plant characteristics are known to
influence natural enemy activity and life history parameters.

Hoelmer et al. (1993) observed that approximately half
of the fourth instars of D. pusillus molted to afifth instar
that lasted 2.0 days before pupation. Inthisstudy, all fourth
instars pupated, and no fifth instars were observed. They

Table 3 Lifetable parameters of Delphastus catalinae (n = 16) fed on eggs of Bemisia tabaci biotype B on collard leaf disksin

Petri dishes.

Parameter True calculation Jackknife estimate (95% CL)
Gross reproduction (3m,) 325.12 —

Intrinsic rate of increase (r, ) 0.158 0.158 (0.146—0.169)Jr

Net reproductive rate (R,), d 276.80 276.80 (238.29—315.31)
Mean generation time (T), d 35.56 35.61 (32.64—38.57)
Doubling time (DT), d 4.38 4.39 (4.07-4.71)

Finite rate of increase (1) 117 117 (1.16-1.18)

Trm = 0.12908 by using the approximate method (Maia et al., 2000).
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also observed asomewhat longer developmental time of D.
pusillus from egg to adult emergence (21.8 days), com-
pared with 18.9 + 0.1 daysin this study and approximately
18 days at 27.5°C on cotton (Heinz et al., 1994) for D.
catalinae.

Thelongevities of D. catalinae found in this study were
significantly different from those reported. Hoelmer et al.
(1993) found that the longevities of the D. pusillus adult
females and maleswere 60.5 + 6.3 daysand 44.8 + 2.6
days, respectively. Heinz et al. (1994) reported that the
longevities of D. catalinae adult females and males were
64 days and 36 days on poinsettia, respectively, and 21.2
days and 20 days on two tomato cultivars, respectively. In
contrast, results in this study show that the D. catalinae
adult femaleslived an average of 122.6 + 9.5 days, and the
adult males 170.5 + 10.7 days, up to twofold longer in
femalelongevities and fivefold in male longevitiesthan D.
pusilluson hibiscus (Hoelmer et al., 1993) and D. catalinae
on poinsettia (Heinz et al., 1994), and sixfold longer in
adult female longevities and eightfold longer in adult male
longevitiesthan D. catalinaeintomato (Heinz et al., 1994).

The fecundity of D. catalinae found in this study were
also approximately twofold more than those reported in the
literature, probably due to the greater longevity of the
females. Results in this study show that each female
deposited an average of 7.0 eggs per day during a 90.8-day
oviposition period, and in 77.7 days of this period the
femal e deposited one or more eggs. Hoelmer et al. (1993)
found that females of D. pusillus deposited an average of
3.0 eggs per day under laboratory conditions with atotal
fecundity of 183 eggs per female (maximum 385) during
its lifespan, and a twofold increase under greenhouse
conditions. In either case, these numbers are significantly
fewer than D. catalinaein this study (557 eggs per female).

Whereasit is obvious that the life history parameters of
D. catalinae using collards as a host plant were distinctly
different from those of D. catalinae (reported asD. pusillus)
on hibiscus (Hoelmer et al., 1993), various biotic and
abiotic factors and methodol ogies might contribute to the
differences of the life history parameters of D. catalinae
found between the fecundity resultsin this study and those
by Heinz et al. (1994) and Heinz and Zalom (1996) who
found that trichome density of plant leaves may adversely
affect the oviposition rate by reducing the number of prey
the beetle can consume. In another study to compare
variouslife history traits of D. catalinae (asD. pusillus) on
two tomato cultivars with different trichome densities,
Heinz and Zalom (1996) found that the beetles on the
glabrous tomato cultivar ‘VF145B7879’ had almost five-
fold greater lifetime fecundity (34.5 + 3.7 days) than
beetles on the pubescent tomato cultivar ‘Alta’ (7.9 + 1.
2 days). However, they did not find significant differences
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between the adult longevities on the two tomato cultivars.
Thus, different host plants on which the predator and prey
lived are able to cause significant differences in perfor-
mance and life history traits of D. catalinae. In astudy on
asimilar coccinellid, Nephaspis oculatus (Blatchley), Liu
and Standly (2002) also found that the beetles significantly
preferred collards to sweetpotato, soybean, eggplants, and
hibiscus for oviposition. Probably many unrecognized
factors influence host plant preferences and life history
characteristics.

Although data obtained from this life table study in the
laboratory may not be directly applied to greenhouse
populations, they clearly show the potential of the upper
limits of D. catalinae under ideal conditionsin the absence
of natural enemies and competition, and without problems
of finding amate or prey. Lifetablesof N. oculatusthat also
prey on whiteflies (B. argentifolii) have been studied by
Liu et al. (1997) and Ren et al. (2002) under different
temperatures and host plants. These authors found much
lower intrinsic rates of increase at 26°C for N. oculatus, r,,,
=0.078 and 0.055, respectively, compared withr,,= 0.158
for D. catalinae, a 2—3-fold difference between the two
species. These differences were partly due to higher net
reproductive rates (5.3—8.6-fold), shorter generation times
(1.4—2.2-fold), shorter doubling times (2.0—3.5-fold), and
higher finite rate of increase (1.1-fold) in D. catalinae than
N. oculatus as reported in Liu et al. (1997) and Ren et al.
(2002), respectively. Therefore, thelife table parametersin
coccinellids could be specific or related to prey types, or
are affected by various biotic factors, such as host plants,
or abiotic factors, such as temperature.

Based upon the data from their laboratory studies,
Hoelmer et al. (1993) estimated that individual beetles are
able to consume as many as 10 000 whitefly eggs or 700
fourth instar nymphs during their life span under labora-
tory conditions, and significantly more under greenhouse
conditions. Assuming the egg consumption isthe same as
that reported in the literature (167 whitefly eggs or 11.6
early fourth instar whitefly nymphs per day under labora-
tory conditions, and 252 under greenhouse conditions) and
using the longevity data from this study (147 daysfor both
sexes), an individual adult beetle could prey on asmany as
24 500 whitefly eggs or 1 700 early fourth instars under
laboratory conditions, and 37 000 whitefly eggs under
greenhouse conditions during its lifespan.

Intrinsic rate of increase, net reproductiverate, finiterate
of increase, and gross reproduction of D. catalinae were
relatively high compared with those in other similar
coccinellids (Table 3). Theoretically, a predator should
efficiently regulate the population of itsprey if itsr,,, value
isequal to or greater than that of itsprey’ s (Sabdlis, 1992).
In biological contral, ther,, values of the natural enemies
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have been used for the selection of promising biological
control agents and to predict the outcome once a natural
enemy is used (Jervis & Copland, 1996). Tsai and Wang
(1996) reported that the r,,, values of B. argentifolii were
0.192, 0.153, 0.138, 0.131 and 0.120 when the whitefly
fed on eggplants, tomato, sweetpotato, cucumber, and
garden bean, respectively. Van Giessen et al. (1995) re-
ported the r,, values for B. tabaci biotype “B”(= B.
argentifolii) were0.12, 0.13, 0.14, and — 0.05, respectively,
on tomato, collard, eggplant, and pepper. Thus, it would
appear that the potentia populationincrease of D. catalinae
is higher than or similar to those of the whiteflies on most
vegetable crops under greenhouse conditions. In addition,
D. catalinae is compatible with parasitoids of whiteflies,
including Encarsia sophia (Girault & Dodd) [=Encarsia
transvena (Timberlake)], Encarsia luteola Howard,
Encarsia formosa Gahan and Eretmocerus spp.
(Hymenoptera: Apheliniidae) because the beetle’ s larvae
and adults avoid feeding on the whitefly nymphs or pupae
with late stage developing parasitoids (Hoelmer et al.,
1994a; Heinz et al., 1994). The compatibility with whitefly
parasitoids enables growers to use both parasitoids and D.
catalinae for biological control of whiteflies of vegetables
and ornamental crops under protected environments, such
as greenhouses, where high-vaue crops are grown (Pickett
et al., 1999).
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