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ABSTRACT

The extent of predation and parasitism on larvae of the plum curculio, Conotrachelus nen-
uphar (Herbst) (Coleoptera: Curculionidae), was measured independently with several dif-
ferent experimental designs at sites in northern Florida and central Georgia. Experimental
manipulation in Monticello, FL, and in Byron, GA, demonstrated equivocal impacts by pre-
dation. However, direct observations in Byron, GA, revealed that ants are the dominant in-
vertebrate predators of plum curculio larvae, causing up to 62% mortality. Primary ant
predators included Solenopsis invicta (Buren) (Hymenoptera: Formicidae) and Dorymyrmex
bureni (Trager) (Hymenoptera: Formicidae). Predation may be more important later in the
season when infested fruit does not abscise and plum curculio larvae must drop to the
ground from the trees and spend a considerable time burrowing into the soil. This contrasts
with the early season when infested fruit abscise and larvae crawl from the fruit directly
into the soil, reducing their exposure to predators. Recorded parasites included Nealiolus
curculionis (Fitch) (Hymenoptera: Braconidae) and Cholomyia inaequipes Bigot (Diptera:
Tachinidae). Parasitism, particularly by N. curculionis, was common in northern Florida but
rare in middle Georgia.

Key Words: Dorymyrmex bureni, Solenopsis invicta, Nealiolus curculionis, Cholomyia
inaequipes

RESUMEN

El nivel de depredacién y parasitismo en contra de Conotrachelus nenuphar (Herbst) (Co-
leoptera: Curculionidae), fue medido independientemente usando diferentes disefios experi-
mentales en lugares como el norte de Florida y la zona central de Georgia. Manipulacién
experimental en Monticello, FL, y en Byron, GA, demostré que el impacto de depredacién no
fue preciso. Sin embargo, observaciones directas en Byron, GA, revelaron que las hormigas
son el invertebrado dominante en la depredacién de la larva de C. nenuphar, causando hasta
62% de mortalidad en las larvas. Entre las principales hormigas depredadoras se encuen-
tran, Solenopsis invicta (Buren) (Hymenoptera: Formicidae) y Dorymyrmex bureni (Trager)
(Hymenoptera: Formicidae). La depredacién es mds importante en la temporada tardia,
cuando las frutas infestadas no han caido al suelo, por lo tanto las larvas tuvieron que llegar
al suelo desde los arboles y pasaron un tiempo considerable tratando de enterarse en el
suelo. Contrario a esto, en la temporada temprana cuando las frutas infestadas cayeron al
suelo y las larvas pasaron de la fruta al suelo directamente, reduciendo el tiempo que las lar-
vas estuvieron expuestas a los depredadores. Los parasitos reportados incluyen Nealiolus
curculionis (Fitch) (Hymenoptera: Braconidae) y Cholomyia inaequipes (Bigot) (Diptera: Ta-
chinidae). Parasitismo, particularmente por N. curculionis, fue comun en el norte de Florida
pero raro en la zona central de Georgia.

Translation provided by the authors.

The plum curculio, Conotrachelus nenuphar lis 1989). Adult plum curculios migrate in early
(Herbst) (Coleoptera: Curculionidae), an insect spring from overwintering sites in adjacent woods
native to North America (Quaintance & Jenne to infest peach orchards (Snapp 1930; Yonce et al.
1912), is the primary direct insect pest of peaches 1995). The females oviposit on young fruit, often
in the Southeastern United States (Horton & El- causing it to abscise (Quaintance & Jenne 1912;
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Snapp 1930). Larvae develop in the fruit and
move into the soil to pupate. In the bivoltine
southern strain of plum curculio (Chapman
1938), adults emerge from these pupae the same
summer to continue the infestation, but their off-
spring emigrate from the orchard to overwinter-
ing sites in adjacent woods or other locations with
plenty of leaf litter (Quaintance & Jenne 1912;
Snapp 1930; Yonce et al. 1995).

Plum curculio is currently controlled with
highly efficacious organophosphate insecticides.
The use of these pesticides is being restricted as a
result of the implementation of the Food Quality
Protection Act. Recent insecticide losses, e.g., me-
thyl parathion, have caused the peach industry in
the southeast to seek more sophisticated inte-
grated pest management strategies that take into
account the target pest’s natural history and biol-
ogy. These approaches include soil applications of
entomopathogenic nematodes and fungi against
the larval and pupal stages (Shapiro-Ilan et al.
2002; Shapiro-Ilan et al. 2004; Tedders et al. 1982).

Although predators and parasitoids are impor-
tant components of integrated management pro-
grams for other curculionid pests (Stuart et al.
2003; Stuart et al. 2002; McCoy et al. 2000), little
attention has been paid to potential predators or
parasitoids of the plum curculio. Field efficacy tri-
als against plum curculio often have variable
mortality rates (Shapiro-Ilan et al. 2004; Quain-
tance & Jenne 1912; Snapp 1930), suggesting
that natural sources of mortality may be involved
and potentially sources of control. Even though
researchers in the northeastern U.S. concluded
that natural enemies of the plum curculio are in-
efficient (Van Driesche et al. 1987) we were inter-
ested in surveying predators and parasitoids of
plum curculio in central Georgia.

Our objectives were to assess the effects of var-
ious natural enemies on the southern strain of
plum curculio, C. nenuphar, by (1) quantifying the
extent of plum curculio mortality attributable to
predation and parasitism in northern Florida and
middle Georgia, and (2) assaying biological con-
trol organisms, such as the fungus, Beauvaria
bassiana (Bals.) Vuill. (Hyphomycetes) separately
and in conjunction with the application of conven-
tional pesticides (e.g., bifenthrin, thiamethoxam,
and imidacloprid) to the soil targeting late larval
and pupal stages of plum curculio are located. The
impacts of these pesticides on potential natural
enemies also were assessed.

MATERIALS AND METHODS

Experiments Conducted at the Southeastern Fruit and
Tree Nut Research Laboratory, Byron GA: Predation

At the USDA Southeastern Fruit and Tree Nut
Research Laboratory in Byron, GA, (SEFTNRL)
we compared the potential emergence under “op-
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timal conditions” to emergence under field condi-
tions in order to estimate overall mortality attrib-
utable to abiotic factors and to predators, parasi-
toids, and pathogens. In May 2004 we exposed 20
virgin female and 20 virgin male plum curculio to
360 green thinning apples (Red Delicious variety)
for 2 weeks. Half of these apples were then ran-
domly selected and distributed equally among 6
tilled locations (30 apples/location) at the base of
peach trees and within the rows of an unsprayed
peach orchard on the grounds of the SEFTNRL.
Each tilled location was 0.6 m® in area. This or-
chard had not received pesticide applications in
the previous 5 years. Six separate locations in the
same unsprayed orchard were tilled and used as
negative controls, each receiving 30 uninfested
green thinning apples. Each location was covered
with a cone emergence trap (Mulder et al. 2000)
after 3 weeks. This allowed predators to access
the infested apples without interference from the
cages but was not enough time for adults to
emerge from the soil. Cone emergence cages were
monitored daily for the emergence of adults over
60 days. The remaining apples that had been ex-
posed to ovipositing female plum curculio were di-
vided equally among 6 plastic tubs (11.4 L. Rub-
bermaid™ storage box). The infested fruit were
placed upon a hardware cloth supported above
the bottom of the tub by four 2-cm long corks. The
tubs were stored in an environmental chamber at
25° = 1°C and 50% RH (12:12, L:D) (Amis & Snow
1985). The tubs were monitored daily for the
emergence of larvae which were then placed into
pupation jars. Pupation jars were 950-ml glass
jars 2/3 filled with a moistened mixture of potting
soil and vermiculite (2:1) that had been sifted
with a 10-mesh sieve to ensure that the soil did
not contain insects and covered with a glass Petri
dish. Pupation jars were monitored daily for the
emergence of adult plum curculio. The number of
emerging adult plum curculio was compared be-
tween fruits exposed to predators and fruits not
exposed to predators using a t-test (SAS 2001).
We monitored plum curculio larvae as they bur-
rowed into the soil, recording any predation we ob-
served. Between Mar 15 and Aug 1, 2003, labora-
tory-reared plum curculio larvae (Amis & Snow
1985), within 12 h of emerging from green thinning
apples, were harvested, taken to the field, and
placed singly at random locations on an orchard
floor in Byron, GA, between the hours of 8:00 and
20:00. Each larva was observed until the larva bur-
ied itself or was carried off by predators. The time
interval between setting the larva on the ground
and its complete burial or removal by predators was
noted. Ant abundance (by species) was measured by
counting the number of ants in an area of 0.21 m® at
random locations in the orchard throughout the
summer. An area of 0.21 m® was chosen because it
was small enough for researchers to survey it inten-
sively. Results were then converted to ants per m’.
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Parasitism

Abscised peaches were collected at Byron, GA,
in 2004 and placed on trays with mesh bottoms
over a large aluminum funnel (0.3 m high with a
slope of 30%). The funnel was positioned over a
collection pan so that larvae emerging from the
infested fruit could be collected. Larvae were col-
lected daily, enumerated and placed in pupation
jars. Pupation jars were monitored daily for 60 d
for the emergence of adult plum curculio or para-
sitoids.

In addition, wild plum fruit, Prunus angustifo-
lia Marshall and P. umbellata Elliott, infested
with plum curculio (as denoted by the distinct ovi-
position scar, Quaintance & Jenne 1912) were col-
lected from Peach Co., GA, and placed in plastic
tubs (11.4-L. Rubbermaid™ storage box) and
stored, as described earlier in the predation stud-
ies. The tubs were monitored daily for the emer-
gence of larvae from fruit. Larvae were collected
and placed into pupation jars and were monitored
for the appearance of adult plum curculio and/or
parasitoids.

One hundred abscised peaches collected from
an unsprayed peach orchard at SEFTNRL were
placed at each of 5 tilled areas (0.6 m?) at the base
of randomly selected peach trees in the orchard.
The peaches were then covered with a cone emer-
gence trap. The cone emergence trap was moni-
tored for 60 d for the emergence of parasitoids his-
torically associated with plum curculio (Krom-
bein et al. 1979).

Experiments Conducted at the North Florida Research
and Education Center, Monticello, FL.

One thousand peach fruit that had abscised in
response to infestation by plum curculio were
gathered at the University of Florida, North Flor-
ida Research and Education Center (NFREC) in
Monticello, FL, in 2003. These fruit were distrib-
uted among 10 locations (0.5 m®) on an orchard
floor, so that each location had 100 abscised fruit.
Bifenthrin (Talstar® EZ, FMC Corporation, Phil-
adelphia, PA) was applied (1 Ib/acre) in a 3.14-m
ring around, but not on, infested fruit at 5 loca-
tions. Five locations were left untreated as con-
trols. The locations were covered with cone emer-
gence traps and monitored daily for the emer-
gence of adult plum curculio or parasitoids
(Krombein et al. 1979).

Parasitoid emergence also was monitored in a
separate field trial in 2003 by assaying 5 pesti-
cides applied to the orchard floor and targeting
plum curculio larvae. Twenty five sites (1 m?)
were selected and treated with imidacloprid (Ad-
mire® 2F, Bayer Crop Sciences, Kansas City, MO)
at 1.75 L/ha, bifenthrin (Talstar® EZ, FMC Cor-
poration, Philadelphia, PA) at 1.12kg/ha, thia-
methoxam (Platinum®, Syngenta, Greensboro,
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NC) at 438.07 mL/ha, or Beauvaria bassiana
(GHA strain, supplied by Emerald Bioagricul-
ture, Butte, Montana) applied at a rate of 10"
conidia/ha, or with 2 L of water as a control treat-
ment. All treatments were delivered in 2 L of wa-
ter from a watering can. One hundred abscised
fruit, gathered from the orchard floor, were depos-
ited at each of the 25 sites (5 treatments with 5
replicates).

RESULTS

Southeastern Fruit and Tree Nut Laboratory, Byron
GA: Predation

Significantly more adults emerged from apples
stored in the incubator (7.5 + 1.3: mean + SEM)
than from apples stored in the orchard and ex-
posed to predation, disease, and environmental
factors (3.8 = 1.0: mean + SEM) (¢t = 2.75; df = 5;
P = 0.022). No adult plum curculio emerged from
the control plots that contained uninfested ap-
ples, indicating that it was likely that all of the
curculio emerging in the cone emergence cages in
the orchard were from the infested apples and not
from plum curculio pupae that were in the soil
prior to the experiment.

In total, 268 m* were surveyed for ant abun-
dance and 4,038 ants were found. Solenopsis in-
victa Buren (Hymenoptera: Formicidae) com-
prised 77% of the ants found, Dorymyrmex bureni
(Trager) (Hymenoptera: Formicidae) comprised
15%, and a Paratrechina sp. (Hymenoptera: For-
micidae) comprised 8%. There was a mean of 15
(£0.88 SEM) ants of any species in a given m* Of
these, 12 (+0.85 SEM) were S. invicta, 2 (+0.26
SEM) were D. bureni, and 1 (x0.10 SEM) was
Paratrechina sp.

All 3 ant species were observed capturing and
killing larval plum curculio that we had placed on
the ground. In total, 229 last instar plum curculio
larvae were observed on the orchard floor. Of
these, 97 were discovered by S. invicta, 26 were
discovered by Paratrechina sp., and 20 were dis-
covered by D. bureni. Eighty six larvae were able
to bury themselves before being discovered by
ants. On average, all larvae discovered by fire
ants were discovered in 13.94 min (SEM = 1.34).
All larvae discovered by Paratrachina sp. were
discovered on average in 9.35 min (SEM = 1.54).
All larvae discovered by D. bureni were discov-
ered on average in 20.10 min (SEM = 5.67). All
larvae discovered by any species of ant were dis-
covered on average in 13.97 min (SEM = 2.49). All
larvae that successfully buried themselves did so
on average in 15.41 min (SEM = 1.39).

A mean of 4.2 (SEM = 1.2) adult plum curculio
emerged from 100 abscised fruit under the 5 cone
emergence cages. Only 1 specimen of Nealiolus
curculionis (Fitch) (Hymenoptera: Braconidae)
was detected from the cone emergence cages.
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In total, 930 abscised peaches were collected >, R
from the orchard floor in Byron, GA. We collected é 2 |lss |2
528 larvae from these fruit and placed them into > 58 |9+ §
pupation jars. One specimen each of N. curculio- a & £ o | &8
nis and Cholomyia inaequipes Bigot (Diptera: Ta- g 5 © @ | P
chinidae) was reared from these plum curculio. 2 @

In total, 1,146 scarred fruit of P. angustifolia 3 s Sy
and 269 of P. umbellata were collected. These 8 Sa =
fruit yielded a total of 546 plum curculio larvae a ] ﬁ RS
(39% of infested fruit yielded larvae). Two N. cur- = 28 |Ro | T
culionis were reared from these larvae. é 2 § ﬁ H ;

a ST |ww |2
North Florida Research and Education Center, 5 § P I q
Monticello, FL 3] S " g
A S

A mean of 13.8 (+2.4 SEM) adult plum curculio § 5 ]
emerged from 100 abscised fruit in the untreated — & = 5
controls and 12.8 (2.8 SEM) adult plum curculio z @ 8 % £ "§~
emerged from 100 abscised fruit in the locations g 8% | | §

. . . . n +H 4 a
that received bifenthrin as a ring treatment to 2 G Il I
prevent entry of fire ants. These results were not 5 BE | a3
different (¢ = 0.355; df = 4; P = 0.899). & S I

The only parasitoid recovered was N. curculio- E ® 8
nis. The percent of plum curculio infected with @ §
this parasite, based on the number of adult plum g g g 5
curculio recovered and the number of adult para- 5 s g &« ET:
sitoids, ranged from 30% to 47%, with an average 2 § E a2 3
of 37% (SEM = 2.77) (Table 1). The pesticides as- S go |23 3
sayed did not demonstrate significant control of @ 38 o< | &
plum curculio compared to untreated controls, 3 = ; =3 g
nor did they appear to significantly impact num- S g
bers of parasitoids in each treatment (Table 1). g Z

S 2| <a 3
DISCUSSION | £ %’J 5|2
o ™ N

There was a significant reduction in plum cur- E E :‘ N E
culio mortality when plum curculio were reared & g | ©F £
indoors, in the absence of natural enemies or ad- ] = o | B
verse environmental conditions, as opposed to i = é“ a0 %
those on the orchard floor. However, there was no = & N% | =
significant difference between the number of S 5 = IS |
adult plum curculio emerging in areas that had 2 B - < - 7‘:;
been surrounded with a treatment of bifenthrin & = >
and areas that had not received a pesticide treat- S _— | = =
ment to preclude foraging ants. These results sug- S g E O« | g .
gest a number of scenarios, including the follow- = g8 $ = 5EX
ing: (1) predation plays a small role in plum cur- 8 e H |2 o
culio mortality, (2) the pesticide applications used 2 % 3| oo % z
did not preclude foraging ants, or (3) differences 5 BT s 5
in mortality observed between plum curculio = 8c
reared outdoors and those reared indoors may be 2 ki a
attributed to regulated humidity and tempera- H g
ture, consistent environment, and fewer patho- = S 52
gens. Direct field observations reveal that preda- = § 2 | = ;L'
tion by ants alone may be responsible for the mor- g g § By
tality of more than 60% of plum curculio larvae z 3 =3 | T3
attempting to burrow into the soil, with the ca- 5 E g § E &
veat that placing lab reared plum curculio larvae E £ é: o €%
on the orchard floor is not natural and may exag- ‘; § Ni 55
gerate mortality due to ant predators. Further- 2 3 é%
more, there may be a seasonal component to the £ S= 3
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effect of predation by ants. Peaches infested ear-
lier in the season are small and usually abscise
and drop to the ground when infested with plum
curculio larvae (Quaintance & Jenne 1912; De-
tjen 1938). The larvae continue to develop in the
fruit and can burrow directly from the fruit into
the soil, probably reducing their chances of being
encountered by foraging ants. Peaches infested
later in the season do not abscise and larvae must
drop from the fruit to the ground. Subsequently,
the summer generation of plum curculio in late
season peaches may be more susceptible to ant
predation. The lack of significant difference be-
tween number of adults emerging from infested
fruit that were chemically protected from preda-
tors and infested fruit that was accessible to pred-
ators lends credence to the possibility that larvae
moving directly from infested fruit into the soil
may suffer less predation than larvae that drop
from the tree to the ground.

This is the first quantitative study of the impact
of certain predators on plum curculio, although
many anecdotal observations have been published
(Quaintance & Jenne 1912; Snapp 1930). Plum cur-
culio larvae were monitored in close quarters
(within 1 m) for accurate identification of predators.
Such proximity to the larvae precluded larger pred-
ators, such as birds and carabid beetles, although
these may be additional and important sources of
mortality. Although Solenopsis invicta was not
present in central Georgia at the time, Snapp
(1930) and Quaintance & Jenne (1912) report that
Dorymyrmex bureni (reported as Dorymyrmex
pyramica) was an important predator of larval
plum curculio. Quaintance & dJenne (1912) list
ground beetles (Coleoptera: Carabidae) and a sol-
dier beetle, Chauliognathus pennsylvanicus (De
Geer) (Coleoptera: Cantharidae), as important
predators of larval plum curculio. Unfortunately,
the soldier beetle appears to be in decline in Geor-
gia, perhaps as a result of predation by S. invicta
(Jenkins & Matthews 2003). Dissections of spade-
footed toads, Scaphiopus sp., revealed that they are
consumers of plum curculio (J. Payne, pers. comm.).

Parasitism was of minimal importance as a
mortality factor in middle Georgia but appeared
to contribute significantly to the mortality of
plum curculio in northern Florida. Though we re-
alize the estimates for parasitism in Florida are
necessarily high, the sheer numbers obtained
need no statistical differentiation from those ob-
tained in the Byron, GA, studies, considering that
of more than 1000 larvae collected from peach
and wild plums in central Georgia only 2 yielded
parasitoids. It is possible that the N. curculionis
individuals collected in cone emergence traps in
Monticello, FL, had used hosts other than C. nen-
uphar. Indeed, N. curculionis is known to use
many other hosts (Krombein et al. 1979).

There are a number of parasitoids that have
been recorded from plum curculio but that were
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not found in the current study. These include
Nealiolus collaris (Brues), N. rufus (Riley), Trias-
pis kurtogaster Martin, Bracon mellitor Say, B.
politiventris (Cushman), B. wvariablilis (Pro-
vancher) (Hymenoptera: Braconidae), Tersilochus
conotracheli (Riley) (Hymenoptera: Ichneu-
monidae), Patasson conotracheli (Girault) (Hy-
menoptera: Mymaridae), Myiophasia aenea
Wiedemann, Cholomyia inaequipes Bigot
(Diptera: Tachinidae), and Pegomyia fusciceps
Zett. (Diptera: Anthomyiidae) (Riley 1871; Quain-
tance & Jenne 1912; Snapp 1930; Armstrong
1958; Arnaud 1978; Krombein et al. 1979; Ted-
ders & Payne 1986). All of these species, with the
exceptions of 7. conotracheli and B. politiventris,
have been recorded in Georgia or Florida (Krom-
bein et al. 1979). The vast majority of these para-
sitoids utilize a variety of other hosts, although
many of their hosts are often found in fruit
(Krombein et al. 1979).

Historically, percent mortality and percent
mortality attributable to parasitism has varied
greatly. Quaintance & Jenne (1912) report that
the percent of adult plum curculio that emerged
from larvae ranged from 9% to 60% with a mean
of 32% and that parasitism ranged from 0.7% to
21% with a mean of 8.1%. Snapp (1930) reported
that the percentage of adults that emerged from
larvae ranged from 1.7% to 18.7% with a mean of
7.4%. Armstrong (1958) reported a range of para-
sitized plum curculio larvae of 7.5 to 26.6 with an
average of 20% parasitized. Even in our study,
parasitism varied greatly between the 2 sites and
presumably does so from year to year. This broad
host range suggests that the abundance of alter-
nate hosts may play an important role in rates of
parasitism of C. nenuphar.

In summary, variation in mortality of plum
curculio is extremely high, as is variation in inci-
dence of parasitism (Quaintance & Jenne 1912;
Snapp 1930). The high levels of parasitism ob-
served in Florida are possibly important sources
of natural control of plum curculio populations.
Further research is needed to elucidate mortality
factors and the causes of this variation. Under-
standing these factors may lead to better pest
management strategies.
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