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David Robert Prokrym

ABSTRACT

IMPACT OF COCCINELLIDS ON THE ASPARAGUS APHID
IN COMPARISON TO OTHER NATURAL ENEMIES

BY

David Robert Prokrym

Three studies were cbnducted during 1983-1985; each emphasized
some aspect of coccinellid biology:

A) Flight traps and visual counts were used to identify potential
natural enemies of asparagus aphid, Brachycorynella asparagi
(Mordvilko). Anthocorids, coccinellids and chrysopids were most
numerous. An aphidiid parasitoid and entomophthoralean fungus were also
important beneficial organisms.

B) Two fleld experiments assessed the impact of a pathogen,
parasitoid and coccinellid predators on the asparagus aphid through
exclusion-inclusion techniques. A combination of pesticides and cages
were employed to enhance or limit the effect of one natural enemy over
another.

The physical barrier experiment used a cage-fungicide combination
to include and exclude natural enemies. The fungal pathogen was most
effective in lowering aphid growth rates as compared with the introduced
parasitoid and coccinellid. Results suggested that aphidiids and
coccinellids also had the potential to influence the aphid's rate of
increase. The chemical exclusion trial used fungicide and insecticide
to control natural enemies. Chemical treatments did not produce

differences as well defined as those demonstrated for the cage study.



David Robert Prokrym

Of the three natural enemies, only the pathogen substantially reduced
aphid numbers.

C) Eggs and newly-emerged larvae of four coccinellid species were
monitored to determine the impact of cannibalism.

Between 72-89% of the eggs hatched for all four species. In one
trial cannibalism was prevented by removing newly-emerged larvae. This
revealed that viable eggs normally cannibalized ranged from 5.4-20.8%,
while 7-29% were nonviable (all 4 specles).

Larvae that consumed one egg survived from 1.6-2.1 days longer
than unfed individuals, but did not molt. Larvae that consumed two eggs
did not appreciably increase their life span beyond that gained from one
egg, but a large number of them molted to the second instar (49-87%,
over all 4 species).

Cannibalism did not greatly delay mean time to dispersal for H.
convergens larvae. Departure times from batches with moderate
cannibalism rates, up to 0.5 eggs/larva, were not substantially later
than from batches without cannibalism (21.5 vs 18.0 h). H. convergens
larvae hatching from clustered eggs (no cannibalism) left the egg batch
later than those emerging from single, isolated eggs (15.2 vs 4.0 h).
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INTRODUCTION

THE ASPARAGUS COMPLEX.

This study investigated the relationships and interactions between
the asparagus aphid and its natural enemies. However, it was necessary
to first obtain a general understanding of the system in which the
interactions take place before examining specific topics. The asparaqus
plant served as the central reference point because of its importance as
the managed commodity. Without reducing the asparagus cropping system
down to its most finite parts, the following major categories of inputs
were recognized: soll factors, cultural practices, pests (diseases,
weeds, insects), chemicals (pesticides & fertilizers), abiotic factors
and beneficial organisms (parasitolds, insect predators, and fungal
pathogens).

The resulting overview was a combination of agricultural and
biological inputs (Table 1). It included elements common to most
commercial plantings while incorporating factors important to scientific
research. This exercise was not executed solely to define the
boundaries and components of the asparagus system. The overview also
provided the basis for identifying biological relationships too numerous
to document in this study, 1. e. entomological topics such as the
importance of herbivores as alternate food sources for predators, weeds
as refugia, chemical applications harmful to beneficial organisms, and
management practices that promoted or hindered the increase of pest

populations.



Table 1. Major factors influencing the asparagus cropping system*,

A. PESTS.

1) Diseases:

asparaqus rust, Puccinia asparagi D.C.

fusarium crown rot, Fusarium oxysporum f. sp. asparagi
& F. moniliforme

purple spot, Stemphyllium vesicarfum

2) Veeds:

perennial weeds:
horsenettle, Solanum carolinense L.
common milkweed, Asclepias syriaca L.
field bindweed, Convolvulus arvensis L.
swamp smartweed, Polygonum coccineum Muhl.
yellow nutsedge, Cyperus esculentus L.
quackgrass, Agropyron repens (L.) Beauv.

annual weeds:

yellow foxtall, Setaria lutescens (L.) Beauv.
barnyardgrass, Echinochloa crusgalli (L.) Beauv.
fall panicum, Panicum dichotomiflorum

common lambsquarters, Chenopodium album L.
redroot pigweed, Amaranthus retroflexus L.

3) Insects:

asparagus beetles: common, Crioceris asparagi L., and spotted,
C. duodecimpunctata L.

asparagus miner, Ophiomyia simplex (Loew)
cutworms, eg. Euxoa scandens (Riley), E. messoria (Harris)
asparaqus aphid, Brachycorynella (=Brachycolus)
asparagi (Mordvilko)
plant bugs: tarnished, Lygqus lineolaris (Palisot de Beauvios),
alfalfa, Adelphocoris lineolatus (Goeze).

B. CHEMICALS USED (pesticides & fertilizers):

insecticides (carbaryl, permethrin, fonofos, methomyl,
methoxychlor)
fungicides (maneb, mancozeb)

herbicides (glyphosate, linuron, simazine, terbacil, metribuzin)
fertilizers (N, P20s, K20)



Table 1. (cont'd).

C. SOIL FACTORS:

soil type, well-drained sands and sandy loams
pH, basic, 5.0-6.8

D. CULTURAL PRACTICES:

selection of varieties

crown beds vs production fields
duration of harvest

fern management, minimum vs no-tillage
processing vs fresh market

irrigation vs non-irrigation

E. ABIOTIC FACTORS:

maximum & minimum temperatures for soil and air
precipitation (rainstorms)

wind (windstorms)

relative humidity

leaf wetness

F. BENEFICIAL ORGANISMS THAT ATTACK THE ASPARAGUS APHID.

1) Insects:

Coccinellidae: Hippodamia spp., Coccinella spp.,
Coleomegilla maculata lengi Timberlake,
Adalia bipunctata (L.), Cycloneda munda (Say)

Chrysopidae, Chrysoperla spp.

Anthocoridae, Orius spp.

Nabidae, Nabis spp.

Hemerobi idae

Syrphidae

Cecidomyiidae

2) Parasitolds:

Aphidiidae, Diaeretiella rapae (M'Intosh)

3) Diseases:

Entomophthoraceae, Entomophthora planchoniana Cornu

* Sources for information on components related to asparaqgus production:
Grafius et al. 1985, Zandstra et al. 1986, Putnam et al. 1983, Zandstra
& Putnam 1985, Thornton et al. 1982 and 1985 Farm Chemicals Handbook.



ASPARAGUS .

The crop. As the third largest asparagus producer, Michigan ranks
well behind California and Washington State (Table 2). In 1981,
asparaqus made up about 7.4% of the $135 million total vegetable
production in Michigan and 10.0% of U.S. output for this crop (Michigan
Dept. of Agriculture 1982). The average yield in Michigan is 589.6
kg/0.405 ha with 907.0 kg/0.405 ha considered as a good yield. About
808 of the Michigan crop is sold to processors and 20% to fresh market
(zandstra et al. 1986).

Three-fourths of the acreage planted to asparagus in Michigan is
located in Oceana, Van Buren and Berrien counties (Flgure 1). Harvest
usually begins in late April to early May and ends in late June. The
most active picking occurs around May 1 to June 20 (U.S. Dept. of
Agriculture 1977)

The plant. Asparaqus, Asparaqus officinalis L. (Family
Liliaceae) is a dloecious perennial, grown in a variety of environments
and soil types. Simplistically, the plant can be divided into three
parts: crown, spear and fern. The crown can be thought of as an
underground rhizome stem that includes the fibrous and storage roots.
Buds elongate from the crown to form spears, initlating when the soil
temperatures reach above 11°C. If the spear is not harvested, it will
lengthen and produce a fern with primary and secondary branches. The
secondary branches have whorls composed of needle-like leaves called
cladophylls.

Decreased spear production can result from damage to the crown-
root system or to the fern. Carbohydrates produced during

photosynthesis are translocated to the root system and stored. This



Table 2. Asparagus production statistics for the top three
growing states-.

STATE YEAR® AREA PRODUCTION VALUE
BY RANKING: (HA) (METRIC TONS) ($1000)
CALIFORNIA 1985 14,292 44,725 74,666
1984 13,846 38,783 59,796
1981 11,053 37,150 51,962
WASHINGTON 1985 12,551 36,832 42,443
1984 12,551 32,886 37,454
1981 9,595 26,898 29,268
MICHIGAN 1985 8,097 10,433 13,423
1984 8,097 10,433 13,318
1981 8,097 7,757 10,690

* References: U.S. Department of Agriculture, Statistical
Reporting Service, 1985; USDA National Agricultural
Statistical service, 1986.

* survey discontinued from 19682-1983.
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reserve is redistributed during budding and realized as spear or fern
growth. Therefore, any destruction of the storage site or disruption of
photosynthesis can create a net reduction in spear production in the
next harvest. Two fungal pathogens, Fusarium oxysporum f£. sp. asparagi
and F. moniliforme, damage the vascular system of the crown and stems
below ground. Phytophagous pests, like the common asparagus beetle
(Crioceris asparagi L.), damage fern follage.

Asparagqus plantings are similar to orchards in that each plant is
long-lived and has the potential of producing a crop for 10-20 years.
In Michigan, young plants are transplanted from nurseries at 1-2 years
of age. Only after the third year is limited picking nondestructive to
plant vigor (Zandstra et al. 1986).

THE ASPARAGUS APHID.

overview. A. K. Mordvilko (1928) described the asparagus aphid,
Brachycorynella (=Brachycolus) asparagi{ (Mordvilko), from Asparagus sp.
and gave Astrakhan on the Caspian Sea as the type locality in the Soviet
Union. Szelegliewicz (1961) reported that its geographic distribution
also included Southern Poland (Pinczow) and areas around Kiev and
Khrahov in the Ukraine.

Angalet & Stevens (1977) provided the best recount of the
appearance of the asparagus aphid in North America with its first
discovery in 1969 on Long Island, New York. However, a number of
sources were required to assemble a chronology of dates that 1llustrated
the movement of this aphid to the west coast (Table 3). Capinera (1974)
commented that the aphid may have been established in the United States

for some time because of the short periods between the initial discovery



Table 3. Chronology of dates for discovery of the asparagus
aphid by state-®.

YEAR STATE

1969 New York, New Jersey
1970 Pennsylvania, Vvirginia
1971 Maryland

1972 Massachusetts

1973 North Carolina

19717 Illinois

1979 Missouri, Washington
1980 Michigan, Oregon, Indiana, Georgia
1981 Ohio, Oklahoma, Idaho
1984 California

®* Sources: Angalet & Stevens 1977, Grafius 1980, Stozel
1981, Peterson & Cone 1982, and Ball 1986.



dates. This remark probably applied to individual states as well.

Although the aphid was reported in washington State in 1979 (Peterson &
Cone 1982) and in British Columbia, Canada in 1981 (Forbes & Chan 1981),
Forbes (1981) noted that this aphid was caught in water traps in British
Columbia several years before its presence on asparagus became apparent.

General appearance. The asparagus aphid is blue-green to powdery
gray in color. The body is oval, elongate and about 1 mm long or one-
third the size of the green peach aphid, Myzus persicae (Sulzer) (Figure
2). Two distinguishing features are its parallel-sided cauda and very
small, mammiform cornicles (Forbes 1981). Sszelegiewicz (1961) provided
detaliled morphological description and diagrams.

Biology. Until the study by Tamaki et al. (1983), almost no
detalled information on asparagus aphid blology was available. Thelr
study detailed the general life cycle (Figure 2c). There are four
larval instars and a number of morphs. Eggs oviposited on the asparagus
fern in the fall hatch the next spring to establish the fundatrices or
stem mothers. In summer, alate or apterous virginoparae are prevalent
in dense colonies. Toward autumn, the sexuparae occur. These
individuals produce the sexual morphs--wingless oviparae and winged
males. Upon nating, the oviparae lay shiny green eggs that turn black
within 1-2 days. Capinera (1974) observed the overwintering eggs on
nodes and under bracts of the asparagus plant.

Tamaki et al. (1983) reported that the net reproduction rate (R.),
i.e. the number of offspring bxoduced by the average female in a
generation, was 54.4 for virginoparae and 18.0 for stem mothers at
24.1°C and photoperiod of 16:8 (L:D). The generation and doubling

times for virginoparae were 14.8 and 2.57 days, respectively.
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Pigure 2. Comparison between (A) the green peach aphid and (B) the
asparagus aphid (from Peterson & Cone 1982). (C) Generalized life cycle
of asparagus aphid (from Tamaki et al. 1983).



11

Damage to plant. Aphid feeding causes growth abnormalities in the
asparagus plant, but the mechanisms are unclear. Affected ferns
developed a witches'-broom condition or rosetting in which the
internodes and cladophylls are severely shortened and blue-green in
color (Forbes 1981). cCapinera (1974) reported that aphid feeding not
only caused a reduction in the growth of the top of seedlings but it
also inhibited root development. Morse (1916) suggested that damage to
the top interfered with synthesis of sugar and translocation to the
roots. Forbes (1981) concluded that the rosetting was a result of
feeding and not related to a pathogenic infection. The aphid probably
injects some substances into the plant that induces abnormal growth.
| Hosts. The asparagus aphid is reported to be specific on
asparaqus (Blackman & Eastop 1984). Noting that there are about 150
species and more than 200 cultivars of asparagus, Halfhill (1987)
determined the suitability of some ornamental asparaqus varieties as
hosts for the aphid. The findings indicated that all ornamentals were
significantly less sultable then edible asparagus. From 1-5% of the
aphids tested were adapted to either Asparagus densiflorus (Kunth) CV
Meyeri or CV Sprengeri and could produce sexual morphs and eqgs on these
cultivars.

Pest status. The asparagus aphid is an acknowledged pest on the
West coast (Thornton et al. 1982, Peterson & Cone 1982). A reduction in
spear size and yleld for the Washington asparagus industry in the spring
of 1980 and 1981 was attributed to this aphid (Wwildman & Cone 1986).
Emergency exemptions were granted in Washington for the use of the
systemic insecticide disulfoton as a follar spray from 1981-1983. In

1984 approval for disulfoton use was glven under a special local needs
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reglstration in washington state.

By comparison to Washington state, the aphid 1s not a problem in
eastern growing regions--Maryland, Delaware, New Jersey--or Michigan
(Grafius 1986, Hendrickson 1986). This seems to be the situation in
Europe as well. Quarterly Reports for 1970 and 1971 by the European
Parasite Laboratory stated that surveys in France and Turkey found no
asparaqus aphids on the crop (European Parasite Laboratory 1971, 1970).
Furthermore, an exhaustive bibliography on asparagus with over 2400
references did not list any entries for the aphid under the pest section
(Hung 1975). This book provided 50 references on the asparagus fly
(Platypareae poeciloptera Schrank), 46 for the common and spotted
asparagus beetles (C. asparagi and C. duodecimpunctata) and 15 for the
asparaqus miner (Ophiomyia simplex (Loew]). |

During a vacation in Europe in September 1983, I casually sampled
three asparaqus plots and discovered moderate asparagus aphid
infestations as follows: 1) France, several km north of Erstein on
Strasbourg-Colmar road, Route 83; 90% of the plants supported aphid
colonies in a small plot (15 rows by 50 m) intercropped between corn and
an apple orchard. 2) Italy, several km south of Trento on Route A22;
small colonies discovered on every plant inspected in a large plot with
rows of asparagus intercropped between grapes. 3) West Germany, near
the Wunnenstein-Beilstein exit on Stuttgart-Heilbronn Highway, Route 81;
1 of 30 plants inspected had a heavy infestation in a large plot
intercropped with. corn and forage crops.

Michigan and Washington State--a comparison. The pest status of
the aphid is markedly different for Michigan and Washington State. A

comparison of the components that make up the cropping system (Table 1)
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in both locations would be required to adequately explain this
situation. Although a detailed analysis at the system level was beyond
the scope of this study, a brief comparison of climatic conditions and
cultural practices in each state was possible.

The largest difference between Washington State and Michigan is
the climate. I compared 30-year averages for several parameters
(maximum and minimum temperatures, precipitation, and relative humidity)

for asparagus growing areas in both states to illustrate this point.

Yakima was chosen as the representative location for Washington; Hart
(Oceana County) and Muskegon (Muskegon County) for Michigan.
Wilmington, Delaware was included as an example of conditions in the
eastern growing regions comprised of Delaware, New Jersey and Maryland.
A plot of the 30-year means of maximum and minimum temperatures
(Figures 3a&b) reveals that Yakima displayed a greater range between the
upper and lower values; its average maximum temperatures not too
dissimilar from Hart, Michigan. However, precipitation and relative
humidity at Yakima are distinctly lower (Fligures 4a&b). Overall, the
climate of the Yakima Valley growing region is hot and dry in the
summer; winters are cool with only light snowfall. In Michigan, the
influence of Lake Michigan on the climate of Hart and Muskegon is quite
strong throughout most of the year. Spring and early summer
temperatures are cooler than would normally be expected at this
latitude; fall and winter temperatures are correspondingly milder.
Cultural practices are somewhat influenced by the weather. For
example, Washington growers usually irrigate their fields because of the
low rainfall (Thornton et al. 1982). This negative aspect may be offset

by the comparatively longer picking season. Another difference is in
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the selection of asparagus varietles. "washington® strains (Mary,
Martha and Waltham) and "Viking" strains are recommended for use in
Michigan (Zandstra et al. 1986). For Washington, Thornton et al. (1982)
recommend variety 500 W or "WSU 1 & WSU 2" developed by Washington State
University. Mary Washington strains are suggested only if they were

selected in Washington State.
NATURAL ENEMY COMPLEX.

General composition. The survey of asparagus plots in New Jersey
and Delaware by Angalet & Stevens (1977) provided the basis for
identifying natural enemies of the asparagus aphid in Michigan. Their
listing indicated that predators, parasitoids and pathogens were all
important mortality agents. The most abundant aphid predators in that
study were cocclhelllds and the parasitoid most often recovered was
Diaeretiella rapae (M'Intosh). Angalet & Stevens also reported that 50-
958 of the aphids were killed by a fungal disease (Entomophthora sp.)
in some fields. Based on this data, I expected to find the same
composition of natural enemies in Michigan (Table 1F) with differences
occurring at the species level.

Predators. Aphlid predators occur in many lnsect orders but are
mostly found in the families already listed (Table 1F). However,
aphidophagous coccinellids were considered to be the most important
predator group in the Michigan asparagus system. Much of the
information on general coccinellid biology and ecology (i.e. life
history, distribution, habitat, food preferences, diapause, voltinism,
synchrony with prey, and aggregation behavior) was already organized by

Hodek (1967, 1973) and Hagen (1962). Gordon (1985) complemented their
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efforts with an extensive document on coccinellid taxonomy. Since my
study dealt with a complex of coccinellid species, an overview was not
done for this group. Instead of listing general points, pertinent facts
were noted from selected studies when applicable.

Parasitoids. The most important aphid parasitoids belong to the
hymenopterous families Aphidiidae and Aphelinidae (Hagen & van den Bosch
1968). In the Michigan asparagus system the impact of the aphidiid
Diaeretiella rapae (M'Intosh) on the asparagus aphid was significant
enough to warrant separate study (Hayakawa 1985).

Since Hayakawa covered parasitoid biology, the following general
comments on its life cycle were condensed from her work. First, the
pataéltlc wasp is tiny (about 2 mm) and a solitary endoparasitoid that
attacks all host stages but the egg. The female typically oviposits a
single egg per host. While the egg, first and second instar may not
adversely affect the host or host feeding, the third instar effectively
halts aphid feeding. The internal organs are consumed by the fourth
instar parasitoid and the already distended aphid cuticle becomes papery
thin forming the mummy. Before pupation, the larva cuts a hole in the
aphid venter and attaches the host to the substrate with silk. The
adult chews a hole through the aphid skin to emerge. The wasp can have
from 5-11 generations per year, overwintering as a late instar or pupa.
D. rapae parasitizes other aphid hosts like the cabbage aphid,
Brevicoryne brassicae L., and green peach aphid, Myzus persicae Sulzer.

Fungal pathogen. Humber (1984a) noted that the majority of
species in the order Entomophthorales are entomopathogenic and have been
Included by most authors in a heterogeneous assemblage as Entomophthora

Fresenius. To avold such errors, I took samples of infected asparagus
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aphids to Dr. Humber (Boyce Thompson Institute at Cornell university,
Ithaca, New York) for identification. The funqus was identified as
Entomophthora planchoniana Cornu, Subdivision Zygomycotina, Class
Zygomycetes, Order Entomophthorales, Family Entomophthoraceae (Humber
1984b). Humber also explained that there was only one report of
successful culture of this species (Holdom 1983) and that he was
repeatedly unable to isolate the pathogen.

Brobyn & Wilding (1977) described the developmental process of E.
planchoniana in three parts (Figure 5):
1) Conidium germination and host penetration. Conidium adheres to host
cuticle, germ-tube forms from conidium and penetrates the cuticle.
2) Invasion of host tissue. The fungal tube grows rapidly through the
epldermis and fat body, passing into the hemocoel, and multiplying as
branched hyphal filaments. The filaments fragment into hyphal bodies
that disperse throughout the hemocoel. The hyphal bodies elongate,
filling the hemocoel and invading the solid tissues.
3) Development of rhizoids and conidiophores. These two structures
develop Etom'elonqatlnq hyphal bodies. Conlidiophores develop in the
abdominal area, converging into well-defined groups before rupturing the
cuticle. Ewmerging through the dorsal and lateral regions, conidiophores
form a felt-like hymenium. In contrast, rhizoids emerge mid-ventrally
along the abdomen. Comprised of 4-10 bundles of undifferentiated
hyphae, rhizoids secret a viscous fluild that attaches the host firmly to
the substrate.

One of the more interesting aspects of Entomophthora biology is
the mechanism for bringing conidia into contact with a host. As the

developing conidial bud matures, its contents and that of the
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conidlophore absorb water. The resulting osmotlic pressure breaks the
attachment, and the mature conidium is explosively discharged into the
alr. The conidia have sticky walls that aid in adhering to a new host.
If the conidium contacts a suitable host and the environmental
conditions are favorable, it germinates and produces a germ-tube. When
no host is contacted, the conidium may produce a new bud that fills with
cytoplasm from the original conidium thus forming a secondary conidium.
The new conidium has the same infection potential as the primary
conidium. This process may repeat, forming tertiary conidia, or until
the succeeding conidia becomes exhausted (Bell 1974). A more precise

description of these details is provided by Humber (1981, 1984a).

PRELIMINARY SURVEY.

Oceana and Berrien counties are the largest producers of asparaqus
in Michigan (Michigan Dept. of Agriculture 1977). In August 1980,
commercial plots in these two counties were surveyed for the asparagus
aphid. Of the 17 plots visited in Oceana county, only 2 fields were
classified as having "abundant" numbers in comparison to the remaining
fields that had "none"™ or "few". In Berrien county, the aphid was
termed as "common" in two of the six flelds surveyed.

In June 1982 I started sampling 5-7 flelds in Oceana county every
2-3 weeks. Plants in the border rows were usually selected; the fern
beat into a white enamel pan (46 by 26 by 10 cm deep). Aphids were rare
in all plots. However, a dozen plants with moderate aphid numbers were
located in an abandoned field (20 by 70 m) in Oceana county. Numerous
colonies were tagged and reexamined after 10 days. Within that time

period all aphids were destroyed by various natural enemles. This was
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determined by the evidence located in and around the decimated colonles,
such as diseased and mummified aphid bodies, hatched coccinellid and
lacewing eggs, and lacewing and coccinellid pupae. A similar tagging
effort was executed in a research plot (12 by 34 m) at the Horticulture
Research Center, MSU campus from July-August 1983. Again, the colonies
disappeared within 1-2 weeks, but there was even greater evidence of the
Eunqai pathogen, less so for the parasitolds and predators.

These findings were used to formulate the working suppositions
that shaped my experiments: 1) The aphid was relatively rare in
Michigan fields and therefore hard to consistently f£ind in large
numbers; 2) in addition to predators and parasitoids, a fungal pathogen
was attacking the aphid; and 3) since the natural enemies were quickly
destroying the colonlies, dally observations were needed to accurately
understand population trends. The observed diversity of mortality
agents discovered in Michligan corroborated the findings of Angalet &
Stevens (1977). The speed with which the beneficial organisms acted
required that any flield experiments be conducted at a local site on

campus in artificlally infested plots.
OBJECTIVES.

The goals for this dissertation were the same as the objectives
stated in the three proposed articles (Sections II-IV). In order of
their presentation in this document, the objectives were:

1) Survey Michigan asparagus plots for the potential natural

enenies of the asparagqus aphid.
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2) Compare the impact of selected coccinellid specles to that of
two other important natural enemies--the aphidiid parasitoid and
entomophthoralean pathogen--through inclusion-exclusion techniques.

3) Investigate aspects of coccinellid biology that could
negatively affect their impact as biological control agents, such as egg

cannibalism by newly-emerged larvae.



ARTICLE 1

A survey of natural enemles of the asparagus aphid, Brachycorynella
asparagi (Homoptera: Aphididae), in Michigan with an emphasis on
coccinellids (Coleoptera: Coccinellidae).

David R. Prokrym and Edward J. Graflus

Department of Entomology, Michigan State University,
East Lansing, Michigan 48824.

ABSTRACT

sticky-can traps, flight interception panels and walking visual
counts were used to identify potential natural enemies of the asparagus
aphid, Brachycorynella asparagi (Mordvilko), in Michigan asparagus.
Anthocorids, cocclinellids and chrysopids, in this order, were the
predators most commonly caught during 1983-1985. An aphidiid
parasitoid, Diaeretiella rapae (M'Intosh), and entomophthoralean fungus,
Entomophthora planchoniana Cornu, were also noted as important
beneficial organisms. The natural enemies were similar to those
reported for New Jersey and Delaware by Angalet and Stevens (1977).

Seasonal population trends were similar for anthocorids, less so
for coccinellids and chrysopids (all species combined). Monitored as
individual species, the yearly catches for coccinelllids revealed
differences between sampling methods. Each sampling technique indicated
a different beetle species to be dominant in the 1985 season. Also,

visual counts showed no specific time interval (A.M., noon or P.M.) as

23
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best for sampling coccinellids. Instead, temperature exerted more
influence on coccinellid counts.

KEY WORDS: asparagus, Brachycorynella asparagl (Mordvilko),
natural enemies, Coccinellidae, Anthocoridae, Chrysopidae,

Entomophthora, Aphidiidae, flight traps, visual counts.
INTRODUCTION

A.K. Mordvilko described the asparagus aphid, Brachycorynella
(=Brachycolus) asparagi (Mordvilko), in a key to aphids from Eastern
Europe (Szeleglewicz 1961). The aphld was first reported in eastern
North America in 1969 from New York State (Capinera 1974). By 1979 it
was discovered on asparagus in Washington State and British Columbia,
Canada (Forbes 1981, Thornton et al. 1982). Forbes (1981) revealed even
earlier catches of winged asparagus aphids from water traps located in
Summerland, British Columbia in 1975 and 1976.

Although this aphid now occurs in 27 states and in Canada
(Halfhill 1987), it is not always an economic pest on its preferred
host, Asparagus officinalis L. The aphid achieved major pest status in
western U.5., causing an estimated $10-12 million damage to Washington
asparagus plantings in 1980 (Anonymous 1980). The current status of
this aphid in the major asparagus-growing regions of the United States
is: 1) requires chemical control in Washington State (Cone 1986); 2)
discovered in 1984, now present in 10 counties of California and
requiring treatment where large populations develop (Ball 1986); and 3)
aphid causes no siénificant damage in Michigan (Grafius 1986), Maryland,
Delaware or New Jeisey (Hendrickson 1986). With respect to the

international status of this aphid, Prokrym found moderate infestations
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on asparaqus in Italy, Germany and France during a brief trip to these
countries in September 1983 (see Section I).

The most recent articles on the aphid come from Washington State
researchers and concern aspects of its blology (Tamaki et al. 1983,
Wright and Cone 1986a), the impact of cultural practices (Halfhill et
al. 1984, and vwildman and Cone 1986), and sampling (Halfhill et al.
1983, 1987; wright and Cone 1983, 1986b). Angalet and Stevens (1977)
reported that native natural enemies and diseases seem to control
asparagus aphid numbers in eastern United States, but few other
researchers have investigated natural enemles from areas where the aphid
is considered a nonpest. A majority of the cited articles stress pest
control as thelr objective.

In 1982 and 1983, preliminary surveys of commercial plots in
Michigan revealed several observations that would shape subsequent
studies: 1) the aphid occurred in low numbers in Michigan plantings, 2)
marked colonies disappeared within 5-10 days, and 3) monitored colonies
showed evidence that three groups of natural enemies were utilizing the
aphid resource--predaceous coccinellids, aphidild parasitoids and a
fungal pathogen (See Section I).

The first objective of this study was to survey Michigan asparagus
plots and list potential natural enemies of the asparagus aphid. This
effort complemented the work of Angalet and Stevens (1977). Since no
single method was adequate to sample all beneficial organisms, several
techniques were used: sticky traps, flight interception traps, and
walking visual counts. We also listed the most abundant groups, i.e.
those natural enemies most commonly detected by the sampling methods,

and éraphed their seasonal population trends for 1983-1985. The trap
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catches for the lady beetle predators were analyzed in detall because,
of all natural enemy groups, only coccinellids were easily identifled to
species in the field. Finally, we discussed the positive and negative

aspects of each sampling method.

MATERIALS AND METHODS

EXPERIMENTAL PLOTS.

The research plots were two 5-year-old asparagqus plantings
(variety Mary Washington), measuring 10 rows by 38 m, and situated SO0 m
apart. The plots were located at Michigan State University Botany &
Plant Pathology Field Laboratory, about 2 km south of the main campus in
East Lansing, Michigan. One plot was sampled in 1983 and the other in
1984 and 1985. Both study sites, situated in a 10 ha block of the
agricultural research facility (ca. 660 ha), were bordered by small
plots of vegetable and field crops as well as fallow areas. Larger
plantings of alfalfa and corn occurred within a 1 km radius of the
plots. Alfalfa (57 ha total within 1 km) was cut three times a year for
hay, usually in June, July and August. Corn (74 ha total within 1 km)
was cut for silage once a year in September or October.

The primary source of asparagus aphids in the research plots came
from artificial Infestations because the aphid naturally occurred in
verj low numbers during most of the season. An earlier attempt to
uniformly infest a plot by placing ca. 200 aphids per plant on 100 of
the 350 plants failed to create suitable densities. Subsequent
infestations weze»restrlcted to a smaller number of selected plants.

About 5-10 heavily infested branches were placed in the follage; as the
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branch dried the aphids moved onto the fern. This method not only

produced high-density concentrations, but it better utilized the limited
number of cultured aphids to firmly establish the host in the plot.

Later in the season we supplemented the cultured aphid source reared in
the greenhouse or in growth chambers with colonies taken from another
asparagus plot. -

Another important reason for infesting selected plants pertalned
to the exclusion experiments that were concurrently conducted during the

abundance survey (see Section III). The infested plants constituted a
small group that were randomly chosen as experimental units and caged
for varying periods to eliminate the impact of natural enemies on the
introduced aphids. The exclusion cages not only influenced access to
aphids by natural enemies, but they also created potential barriers to
insect movement while in place.

Since the placement and removal of exclusion cages could affect
the trapping and arrestment of beneficlal organisms in the plot, a brief
description of the infestation procedure is necessary. 1In 1983 six of
18 treatment plants (plot total, 360) remained uncaged throughout the
experiment and during all infestations. 1In 1984 only half of the 16
experimental plants were initially caged during infestation while the
remaining eight plants were uncaged and exposed to natural enemies.
These eight uncaged plants were treated with the insecticide carbaryl
and a maneb fungicide to reduce aphid mortality by natural enemles (See
Section III). These uncaged plants were eventually caged because their
aphid populations failed to increase as rapidly as those on the covered
plants. 1In 1985 all experimental plants (20 of 350) were caged for

infestation. Cage placement and infestation occurred twice in 1985



28

because the exclusion trial was conducted two times that season. In
1983 the cages measured 1.83 tall by .914 by .914 m and essentially
enclosed a single plant. The larger cages (1.83 by 1.83 by 1.83 m) used
in 1984 and 1985 could cover one or two additional plants adjacent to
the experimental plant selected for infestation. This meant that a
large group of ndnexpetlmental plants also supported sizeable aphid

populations. In 1984 and 1985 all plants were uncaged when the

exclusion experiment began.

SAMPLING.

The sampling methods used in 1983 included: sweep-netting along
borders, beating fern into a pan, whole-plant removal, sticky-can trap,
modified window pane trap, and walking visual count of plot. The first
three techniques were rejected during the 1984-1985 surveys because of
thelr destructive nature, unrepresentative low counts on the most common
natural enemies, or inability to adequately sample the bushy asparagus
plant (See Appendix A).

The main collection methods for flying insects were sticky traps
and flight interception panels. The sticky traps were constructed from
coffee cans (12.7 cm diameter by 16.5 cm tall) painted with safety-
yellow enamel (Krylon #1813, Borden Inc., New York, New York), mounted
atop a one meter stake (Figure 6). A transparent plastic strip (16.5 by
43.1 cm) covered with an adhesive substance (Tangle-trap, The Tanglefoot
Co., Grand Rapids, Michigan) was attached around the outside of the can
with Velcro tabs for easy removal of the entrapped insects.

The detachable sticky strips were changed every two weeks in 1983
and at monthly Intervals in 1984 and 1985. 1In all years the larger
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Figure 6. Sticky-can trap (Hayakawa 1985). A) Placement of transparent
plastic strip covered with adhesive Tangle-trap on yellow can.
B) Arrangement of Velcro tabs that facilitated easy removal.
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aphidophagous insects (Coccinellidae and Chrysopldae) were counted in
the field and then removed from the sticky strips every 1-3 days. The
smaller entrapped specimens (Anthocoridae and Aphidiidae) were counted
in the laboratory on the removed strips under a stereomicroscope. The
cans were placed in the rows, the location adjusted to fall in the open
spaces that frequently occurred between plants. Sixteen can traps were
placed inside each plot, four to a row within the inner six rows (Figure
Tb). 1In 1983 there were an additional eight traps along the perimeter,
two to a side (Hayakawa 1985). This technique was the only sampling
method used in 1983.

In addition to sticky traps, flight interception panels (FIP) were
also positioned inside the perimeter of the plot in 1984 and 1985
(Figure 7b). This trap was a modification of the window-pane trap
described by Peck et al. (1980) and Masner et al. (1981). Each FIP was
constructed from transparent plastic (0.254 mm thick Flex-o-pane)
fastened to a wooden frame (1.2 by 1.2 m) and suspended one meter above
the ground (Fiqure 7a). water-filled aluminum gutters attached to the
bottom of the frame caught insects that hit both sides of the plastic
barrier. In 19684 the gqutter water was filtered weekly to isolate the
water-trapped specimens. Although the frame was hung in a way that
permitted it to sway, the large panels were especially susceptible to
strong winds. A daily collection scheme was initiated on August 20,
1984 to prevent the loss of specimens during windy weather. Then, a
small-meshed net was used to scoop the floating insects from the water.

Visual counts were conducted in 1984 and 1985. 1In 1984 counts
were made by walking diagonally across the entire plot over a 15-minute

period. This was done three times a day, during the periods of 730-
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1030, 1130-1300, and 1530-1900 hours. 1In 1985 the plot was divided in
half, each sampled by 15-minute walks during the periods of 930-1100,
1300-1500 and 1600-2000 hours. The 1985 visual counts were conducted
only after cages for the exclusion experiment were removed.

Aphld mummies and cadavers were the primary source for identifying
the specific parasitoid and fungal agents. The parasitoids were
ldentified as part of a separate study by Hayakawa (1985). Since the
taxonomy of entomophthoralean species is complex, we enlisted the
sexrvices of Dr. Richard A. Humber (USDA-ARS, Boyce Thompson Institute,

Cornell University, Ithaca, New York) to identify the fungal disease.

PRESENTATION OF DATA.

To emphasize population trends and provide a basis for comparing
the three different sampling techniques, the data were transformed into
percentages. The value for a trapping interval was divided by the total
seasonal count and multiplied by 100, and assigned to the last day of
the interval when graphed. However, the trapping interval varied for
each method. As the simplest case, the interval for visual counts was
one day. Therefore, each day's catch was divided by the season total.

The interval for the sticky cans depended on the specles trapped.
The larger predators could be easily identified and were removed from
the sticky strips in the field. Counts of coccinellids and chrysopids
were made every 1-3 days over the calendar week and aggregated into a
weekly interval value. The strips were then collected every month and
inspected for anthocorids and aphidiids--a monthly interval value.

We initlally planned weekly collections for the interception
panels, but these traps could not be operated during high winds.
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Therefore, specimens were removed from the water-filled gutters daily.
These daily catches were summed over periods that varied from three to
seven consecutive trapping days. Due to its variable length, the
trapping interval was calculated as an average daily value, i.e. the
number of specimens caught divided by the days in the trapping period.
The total of the daily averages was used when calculating precentages.

Weather data collected at the Michigan State University
Horticultural Research Center, 2 km south of the plot, were used to
calculate accumulated degree days by the Baskerville-Emin method (1969).
A base temperature of 10°C (DDio) was chosen as a reas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>