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ABSTRACT

The Florida predatory stinkbug (FPS), Euthyrhynchus floridanus (L.) (Hemiptera: Pentatomidae) is a beneficial
insect found throughout the Southeastern United States, Mexico, Central, and South America into southern Brazil.
E. floridanus has been evaluated as a potential biological control agent against pests, such as the kudzu bug and
citrus weevil. In this study, its life history parameters were studied, which may be useful in determining the poten-
tial of the bug to reproduce when used as a biological control agent or for mass-rearing purposes. At 26°C, the time
from egg-laying to adult emergence was 64 days. Females laid an average of 128.8 eggs during their lifetimes.
Percentage of egg hatch was 83.1% of which 64.1% were female. Males lived an average of 75.4 days, and females
lived 64.8 days. Male adults weighed 100.3 mg, which was less than that of females which weighed an average of
224.9 mg. The net reproductive rate (average number of females laid per adult female) of the FPS was measured to
be 199.4. The finite rate of increase (rate of increase per female per day) was measured to be 1.31. These life histo-
ry parameters suggest a high reproductive rate when compared to similar bugs such as the spined soldier bug,
Podisus maculiventris (Say) (Hemiptera: Pentatomidae). More studies will be needed to evaluate the Florida pred-
atory stinkbug’s potential as a biological control agent against pests in the southeastern United States.

Additional index words: adult longevity, egg production, Florida predatory stinkbug; immature survivorship; popu-
lation growth parameters

The Florida predatory stinkbug FEuthyrhynchus Coccinellidae) and tobacco budworm, Heliothis vi-

floridanus (L.) (Hemiptera: Pentatomidae) is a benefi- rescens (F.) (Lepidoptera: Noctuidae) in the laborato-
cial insect found throughout the Southeastern United ry, the life cycle of E. floridanus was recorded at about
States (Mead 1976, Mead and Richman 2000), Mexi- 89 d (Mead 1976 citing Ables 1975). However, when
co, Central, and South America into southern Brazil provided black cutworms, Agrotis ipsilon (Hufnagel)

(Bricefio 2014, Arellano et al, 2019). This predator has (Noctuidae) the life cycle was about 155 d (Oetting
been collected throughout the year, with peaks in the and Yonke 1975). Development from egg to adult took
spring and fall (Mead 1976). Its prey range includes 100 d, with the egg stage lasting 33 d and the nymphal
southern green stink bug, Nezara viridula (L.), stages lasting 67 d. Mead and Richman (2000) gener-
(Hemiptera:  Pentatomidae); orangedog, Papilio alized time from egg to adult was about 58 d, with the
cresphontes Cramer (Lepidoptera: Papillionidae), vel- egg stage lasting 18 — 19 d at 26 — 27°C and 14:10
vetbean caterpillar, Anticarsia gemmatalis Hiibner L:D.

(Lepidoptera: Erebidae), Colorado potato beetle, Lep- Life cycles of the four predatory stinkbugs
tinotarsa decemlineata (Say) (Coleoptera: Chrysome- (Hemiptera: Pentatomidae) Alcaeorrhynchus grandis
lidae), and the West Indian sugarcane rootstalk borer, (Dallas), E. floridanus, Podisus maculiventris (Say),
Diaprepes abbreviatus (L.) (Coleoptera: Curculio- and Stiretrus anchorago (F.), were compared under
nidae), but usually exhibits minimal roles in the natu- laboratory conditions by Richman and Whitcomb

ral control of these pests (Meed and Richman 2000). (1978). The stinkbugs were maintained on a diet of
Courtship and copulatory behavior was studied by assorted larval instars of the cabbage looper, Trichop-
Bricefio (2014) who described the use of substrate lusia ni (Hiibner) and the soybean looper, Pseudoplu-

vibrations in both sexes. sia includens (Walker) (both Lepidoptera: Noctuidae).

When reared on greater wax moth, Galleria Life cycles were completed in one month by P. mac-
mellonella (L.) (Lepidoptera: Pyralidae), Mexican uliventris and S. anchorago, while A. grandis and E.
bean beetle, Epilachna varivestis Mulsant (Coleoptera: floridanus required two months. Duration of the egg
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stages was relatively short for P. maculiventris and S.
anchorago, ranging from 5 — 6 days, while requiring
16 d for 4. grandis, and 19 d for E. floridanus.

Predation experiments in the laboratory showed E.
floridanus to be a more effective predator on adult
citrus weevil, Diaprepes abbreviatus (L.) (Coleoptera:
Curculionidae) than P. maculiventris (Medal and San-
ta Cruz, 2014). When offered the kudzu bug, Mega-
copta cribraria (F.) (Hemiptera: Plataspidae) as prey,
E. floridanus was 20 — 40% more efficient than P.
maculiventris in the laboratory, with or without alter-
nate prey in the form of the soybean looper, Chryso-
deixis includens (Walker) (Lepidoptera: Noctuidae)
(Medal et al. 2018). Similarly, E. floridanus females
were more effective predators of the kudzu bug than
males or nymphs even in the presence of alternate prey
consisting of fall armyworm larvae, Spodoptera frugi-
perda (J.E. Smith) (Lepidoptera: Noctuidae) and/or
velvetbean caterpillar larvae, Anticarsia gemmatalis
(Medal et al. 2017). Euthyrhynchus floridanus was
therefore identified as a potential useful biological
control agent against the kudzu bug (Medal et al.,
2017, 2018).

Laboratory evaluations against the brown marmo-
rated stinkbug Halyomorpha halys (Stal) (Hemiptera:
Pentatomidae) were performed by Arellano et al.
(2019). Females were found to prefer 2™ to 4™ instar
larvae, whereas males showed no preferences for dif-
ferent larval stages. Females were more effective feed-
ers, perhaps due in part to larger body size. The objec-
tive of this study was to determine life history parame-
ters for the Florida predatory stinkbug feeding on the
yellow mealworm, Tenebrio molitor under laboratory
conditions.

MATERIALS AND METHODS

Insect rearing

A colony of E. floridanus originated from Dr.
Julio Medal since and was kept at the USDA-ARS-
CMAVE laboratory in Tallahassee, FL since 2017,
and reared in an environmental growth chamber
(ThermoForma model 374, Marietta, OH) at 26°C,
photoperiod of 14:10 (L:D) h and 40-70% RH. Adult
males and females were kept in a 0.6 m x 0.6 m screen
cage (Bioquip Products, Inc., Compton, CA) lined
with paper towels, plus 2 plastic solo cups (60 ml)
(Solo Cup Co., Lake Forest, IL) filled with 2 cotton
balls and tap water to serve as a source of moisture for
the insects to imbibe. Two egg carton pieces (20 cm x
20 cm) (eggcartons.com) were placed in the cage to
serve as egg mass substrates of the E. floridanus. Two
— three egg masses were separated in individual petri
dishes (15 cm diam) (Fisher Scientific International,
Inc., Pittsburgh, PA) lined with filter paper plus a plas-
tic petri dish (4 cm diam) with a damp cotton ball to
serve as moisture. Newly-laid eggs were observed to
be light-orange, while turning dark orange to gray with
age (Figure 1). After the eggs hatched and the second-
instars (Figure 2) started moving, 2-3 small-sized yel-
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Figure 1. Egg mass of E. floridanus.
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low mealworms, Tenebrio molitor L. (Coleoptera:
Tenebrionidae) (about 1.3 cm, New York Worms,
Long Island, NY) were provided to the E. floridanus
nymphs until they reached the third instar stage.

Figure 2. Second-instar nymphs of E. floridanus in
rearing plastic petri dish.

Thereafter, the nymphs were transferred to screened
plastic boxes (18.5 cm length x 10.5 cm width x 13. 5
cm height, Tri-State Plastics, Dixon, KY) with a
screen (7 cm diam) on the center of the lid and lined
with paper towels plus two plastic solo cups (60 ml)
containing 2 cotton balls and tap water. The solo cups
were kept upright using cut-up plastic cup trays (Bio-
Serve, Troy, MI) and mealworms (about 1.9 cm) were

Figure 3A. Adult male E. floridanus in rearing plastic
box and Figure 3B. Adult female E. floridanus in rear-
ing plastic box.
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provided ad libitum as prey in plastic petri dishes (6
cm diam) until adult stage (Figures 3A and 3B).
Thereafter, the adults were transferred to the 0.6 x 0.6
m screen cages and reared as described above (Figure
4).

B

Figure 4. Adult female E. floridanus feeding on yel-
low mealworm, 7. molitor in rearing plastic box.

Life history

All experimental treatments described herein and
below were kept in an environmental growth chamber
(Percival model 136VL, Percival Scientific, Perry, IA)
at 26°C, and photoperiod of 14:10 (L:D) h and 40-70%
RH. Eight replicates of egg masses were collected
from the colony and placed individually in plastic petri
dishes (15 cm diam) lined with filter paper plus a plas-
tic petri dish (4 cm diam) with a damp cotton ball until
the eggs emerged. After the second-instar nymphs
(Figure 2) began to move, small-sized 7. molitor meal-
worms were provided to the Florida predatory bugs ad
libitum. The numbers of eggs and immatures that
emerged, and period of emergence until the third instar
emergence were recorded. Thereafter, each cohort
replicate was transferred to plastic boxes lined with
paper towels plus two plastic solo cups (60 ml) con-
taining 2 cotton balls and tap water. Medium-sized
mealworms were provided to the Florida predatory
stinkbugs ad libitum in plastic petri dishes (6 cm diam)
until they reached the adult stage. The numbers of the
fourth instar to adult stage that emerged, period of
emergence, and gender were recorded.
Adult longevity

Ten replicates of 1-2 day old adult male and un-
mated female E. floridanus were collected from the
laboratory colony and placed individually in plastic
petri dishes (15 cm diam) lined with filter paper plus a
plastic petri dish (4 cm diam) with a damp cotton ball
to serve as moisture. Medium-sized 7. molitor meal-
worms were provided as prey ad libitum. The dates the
adults died were recorded. In addition, any unfertilized
eggs laid by the female were counted and recorded.
Eggs, immature and adult body weights

Ten replicates of 7-day-old egg masses were col-
lected from the colony and weighed using an analyti-
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cal balance (Mettler Toledo Excellence Plus P model,
Columbus, OH). The numbers of eggs and weight (g)
per egg mass were recorded. A minimum of 10 repli-
cates of Ist - to Sth instar predators were collected
from the laboratory colony. The body weights of indi-
vidual instars were recorded. Ten replicates of adult
males and females (unknown age) were collected from
the colony and individual weights were recorded.
Egg production

Fifteen replicates of newly emerged (1-2 day old)
paired adult males and females (1-2 day old) were kept
individually in plastic petri dishes (15 cm diam) lined
with filter paper plus a plastic petri dish (4 cm diam)
with a damp cotton ball to serve as moisture. Medium-
sized T. molitor mealworms were provided to the Flor-
ida predatory stinkbugs ad libitum. The numbers and
period of eggs/egg masses laid by each female were
counted and recorded. All egg masses were removed
and separated individually until the female died. Any
males that died before the female predator were re-
placed. Egg masses were placed individually in plastic
petri dishes (15 cm diam) lined with filter paper plus a
plastic petri dish (4 cm diam) with a damp cotton ball
until the eggs emerged. The numbers of first-instar
nymphs and period of first-instar emergence were rec-
orded.
Population growth parameters

Methods for calculating life history parameters
were identical to those described in Legaspi (2004) for
the related Pentatomid Podisus maculiventris. Net
reproductive rate Ry = Zlym,, the summation of survi-
vorship multiplied by age-specific fecundity per fe-
male, expressed in units of @/Q where egg numbers
were divided by 2 assuming 1:1 sex ratio. The gross
reproductive rate was calculated as GRR = mj or the
summation of age-specific fecundity per female in @/
Q. Generation time in days was calculated as T =
2xl,m,/ Ry. Intrinsic rate of increase was calculated as
r= (In Rp) / T in Q/9/d. Finite rate of increase was
calculated as A = ¢" in $/Q/d. Finally, doubling time in
days was calculated as DT = In(2)/r.
Statistical analysis

Differences in male versus female weights and lon-
gevities were analyzed using f-tests. Statistical anal-
yses were performed using Systat 13 Statistical soft-
ware (Systat Software Inc., Chicago IL).

RESULTS AND DISCUSSION

Time from egg-laying to emergence was 21.5 + 1.3
d (X = SE). Immature durations were: 1st instar: 7.1 £
15d; 298 +1.2,3%98+08d,4™45+094d
and 5™ 11.4 + 1.0 d. Total time from egg laying to
adult emergence was 64.0 = 1.1 d. Total lifetime fe-
cundity averaged 128.8 =+ 18.5 eggs per female (n =
15). Percentage of egg hatch was 83.1% of which
64.1% were female. Survivorship of the immature
stages displayed a linear decline with time (Figure 5).
Mean numbers of eggs laid per female showed slight
increase upwards until the female was about 20 d old,
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Figure 5. Immature survivorship of E. floridanus im-
matures at 26 °C. Survivorship is plotted on a linear

axis.
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Figure 6. Mean number of eggs laid per E. floridanus
female by age (mean + SE; n=number of females lay-
ing eggs at age d).
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Figure 7. Life cycle of E. floridanus. [credit: Jesusa C. Legaspi, USDA-ARS]

followed by a tendency towards decline afterward
(Figure 6). Adult male longevity was 75.4 £ 3.8 d (X £
SE, n = 10), which did not differ significantly from
that of females at 64.8 £ 6.8 (¢ = 1.35, df =18, P =
0.19). Male adults weighed 100.3 + 8.4 mg, signifi-
cantly less than that of females that weighed 224.9 +
15.1 mg (¢t = 7.38, df =17, P < 0.01). The life cycle of
E. floridanus is illustrated in Figure 7.

Individual weights by life stage (X = SE, n = 10
unless stated otherwise) were: egg 0.99 + 0.16 mg, 1%
instar: 1.25 = 0.1 mg, 2" instar 2.37 = 0.2 mg, 3 in-
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star 11.5 + 0.52 mg, 4™ instar 49.16 + 2.35 mg, 5"
instar male 48.74 + 10.6 mg (n = 5), and 5™ instar fe-
male 51.18 + 4.86 mg (n = 8).

Life history parameters for E. floridanus were cal-
culated to be: net reproductive rate Ry = 199.42 /9,
gross reproductive rate GRR = 313.54 @/9, generation
time 7 = 19.59 d, intrinsic rate of increase r = 0.27 @/
Q/d, finite rate of increase A = 1.31 @/9/d, and dou-
bling time DT = 2.57 d. The immature durations were
not recorded since the test insects were drawn from a
laboratory colony. Calculations were based on 1-d old
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females and may underestimate true generation time in
the field.

There is little information documented on E. flori-
danus. Thus, studies were compared with other similar
generalist predators. For example, life table analysis
of P. maculiventris female adults at 26°C showed R,
of 47.8 and GRR of 156.0 females per female, respec-
tively (Legaspi 2004). Mamduh et al. (2017) report-
ed »=0.087, A =1.09, Ry =129.6, T = 56.0 and GRR =
256.1 for P.maculiventris feeding on G. mellonella at
24°C, 16:8 D:L and 75% RH. Garlic extract insecti-
cides had no significant effects on the life history pa-
rameters of P. maculiventris (Mamduh et al. 2017).
Similarly, glyphosate-based herbicides were found to
be compatible with the related predatory stink-
bug Podisus nigrispinus Dallas because of minimal
effect on measured life history parameters (Zanuncio
et al. 2018). In that study, generation time T was
measured at 44.8 d, and the intrinsic rate of increase »
was 0.08. The finite rate of increase A was 1.08, and
doubling time DT was 8.6 d. Based on these compari-
sons, E. floridanus has higher reproductive potential
than P. maculiventris at 26°C.

The life history parameters reported here for the
native insect predator, E. floridanus, suggest a high
reproductive rate when compared to similar bugs such
as the spined soldier bug. The results of the population
growth parameter study will be relevant for biocontrol
practitioners interested in mass rearing, augmentation,
and release of this predator. More studies will be need-
ed to evaluate the Florida predatory stinkbug’s poten-
tial as a biological control agent against pests in the
southeastern United States.
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