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This study was initiated in the Spring of 1966 for the purpose of

determining the present status and effectiveness of imported parasitic

wasps of the pea aphid in the Willamette Valley of western Oregon.

The pea aphid is a serious pest throughout the pea and alfalfa

growing regions of the United States and Canada. In the Willamette

Valley of western Oregon it is common on alfalfa, red clover and

vetch. Since the use of pesticides to control the pea aphid is attended

by serious difficulties, it has long been felt that biological control

methods are necessary. These rely on parasites to control the aphid

populations. In recent years, the importation, augmentation and re.

lease of small parasitic wasps belonging to the genus Aphidius has

been done on a wide scale throughout the legume growing regions of

North America. Beginning in 1961 several introductions were made



locally in the Willamette Valley. The European species Aphidius

avenae and Aphidius urticae (=Aphidius ervi ervi); and the eastern

variety of the native parasite, Aphidius pisivorus (=Aphidius ervi

pulcher) were released at the Hyslop Agronomy Experiment Farm near

Corvallis in 1961. Recoveries of specimens identified as Aphidius

pisivorus (=Aphidius ervi pulcher) were made at the Hyslop Farm in

1963. Releases of the Indian wasp Aphidius smithi were made at

Dayton in Yamhill County in 1961 but no recoveries of this species

were reported prior to the start of this investigation.

Field data in regard to aphids, parasites, and predators were

collected at weekly intervals from the experimental alfalfa plots at

the Hyslop Agronomy Farm and the parasites from these collections

were reared and identified. In addition to the Hyslop collections,

parasites were collected and reared from other localities in the

Willamette Valley which included the original release site of Aphidius

smithi near Dayton. For purposes of comparison, experimental plots

of alfalfa at Klamath Falls were also sampled on several occasions

throughout the summer of 1966.

The results of collections made in the Willamette Valley during

the summer of 1966 showed that the imported Indian wasp Aphidius

smithi was well established as a parasite of the pea aphid. The im-

ported European species, Aphidius ervi ervi was also established

but in much smaller numbers. The native variety, Aphidius ervi



pulcher was rarely encountered and appears not to be exclusively

specific on the pea aphid.

In conjunction with other control factors, particularly predators,

the Indian wasp is an effective control agent and has come to occupy

a previously unfilled ecological niche in the pea aphid-parasite-

predator complex in the Willamette Valley.

A survey of the hyper-parasites indicated that they were of

minor importance during the 1966 season.
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THE PARASITE COMPLEX OF THE PEA APHID,
ACYRTHOSIPHON PISUM (HARRIS)

ON ALFALFA IN WESTERN OREGON

I. INTRODUCTION

The pea aphid is a widely distributed pest throughout the pea

and alfalfa growing sections of the United States and Canada. Plants

attacked are legumes such as field peas, sweet peas, clovers, vetch

and alfalfa. In the Willamette Valley of western Oregon it is common

on alfalfa, red clover and vetch, while in the important field pea and

alfalfa areas of north eastern Oregon it is an important economic

pest.

When infestation is heavy, extensive wilting of the plants occurs

and even if the insects are not abundant enough_to kill the plants or

even to affect the yield greatly, the quality of peas is often affected.

The pea aphid is also an efficient vector of pea enation mosaic virus,

which infects peas, vetch, sweet clover and other legumes, and of

yellow bean mosaic of peas and alfalfa.

The pea aphid overwinters on its host plants either as an ovo-

viviparous female or in the egg stage. The former is common in the

Willamette Valley since the winters are usually mild. In the spring

it increases on the winter host plants and winged migrants begin to

spread to other plants in late May or early June. Each female com-

monly produces six to seven young a day and the total number



produced per female may reach as many as one hundred. Most of the

adults are wingless but under crowded conditions on the plant some

winged forms again appear and these spread the insect widely. Dur-

ing midsummer in the Willamette Valley they are often found on vetch

for a short period of time, but in early fall they again become abun-

dant on alfalfa. With decreasing day length and lower temperatures

in the fall some ovoviviparous females give birth to young which may

become either sexually mature egg-laying wingless females or winged

males. The fertilized eggs may live over-winter on the stems and

leaves of alfalfa or red clover and develop in the spring into ovo-

viviparous stem mothers.

When unchecked by natural enemies such as predators and para-

sites, and by fungous diseases, pea aphids may increase phenome-

nally but they may also fluctuate widely due to weather conditions.

Dependence on natural control of the pea aphid in the context

of present day economics is obviously unsatisfactory. Exclusive

reliance on chemical control measures has led to certain undesir-

able consequences such as pest 'flareback', a particularly trouble-

some problem insofar as aphids are concerned. Problems of this

sort have led to increased interest in the use of biological control

measures.

The most promising of these has been concerned with the im-

portation, augmentation, and release of small parasitic wasps of the
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family Aphidiidae, and especially those belonging to the genus

Aphidius. In recent years this has been done on a wide scale

throughout the legume growing regions of North America. Several

introductions have been made locally in the Willamette Valley. These

have consisted of several European species of the genus Aphidius and

of the Indian wasp, Aphidius smithi Sharma & Rao.

The purpose of this study was to obtain information on the abun-

dance and distribution of these wasps in the Willamette Valley with

particular reference to the alfalfa plots at the Hyslop Agronomy

Farm, one of the original release sites of several imported Euro-

pean species. There has also been supplementary reference to

material collected or information obtained from contiguous areas

that might have reference to local populations of these parasites.

A major problem involved in this study has been concerned

with the identification and systematics of the introduced parasites

and a considerable portion of this study was devoted to this purpose.

The central portion of the thesis is concerned with the ecosystem

of the pea aphid as it exists locally, since this constituted the envi-

ronment into which the foreign parasites were introduced. Finally,

considerable attention has also been given to the hyperparasites

since they may play a major role in reducing the effectiveness of

the primary parasites.
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II. MATERIALS AND METHODS

Field data were collected at approximately weekly intervals,

starting at the beginning of May 1966 and concluding at the end of

November 1966. All data of a quantitative nature were obtained

from experimental plots at the OSU Agricultural Experiment Station

agronomy farm (Hyslop Farm). Hyslop Farm is located on Highway

20 approximately six miles north of Corvallis. The alfalfa plots sam-

pled comprised approximately six acres situated at the south-west

corner of the farm and were in an area known to be free of chemical

treatments.

The aphid population was sampled by taking two series each

of 25 sweeps with a standard 15 inch sweep net. Counts were re-

corded of the number of aphids and the numbers of aphid predators.

The results of each series of sweeps were then averaged. In addi-

tion, records were kept of time, temperature, wind velocity and

direction, weather, and plant height.

Parasitized aphids ('mummies' ), were collected from the

same field as that swept for aphids but in areas not disturbed by

sweeping activity. The parasitized aphid 'mummies' were recorded

on the basis of numbers collected within a 45 minute period of

searching time.

The typical straw-colored aphid 'mummy' is produced by
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larval feeding activity of the Aphidius parasites within the body of

the aphid. Prior to the third larval instar of the parasite, feeding

is done passively by absorption. With the appearance of functional

mandibles in the third larval instar, however, the parasite begins

to feed voraciously on the larval tissues. The last larval instar

severs the aphid skin on the ventral surface and secures the body

of the aphid by silken threads and by a quick-binding substance to

the supporting surface. This is followed by the spinning of the

cocoon within the aphid body which causes the characteristic swel-

ling and change in color of the aphid. It is this structure to which

the term 'mummy' is applied. At the time of emergence, the

Aphidius parasite uses its mandibles to saw a neat circular hole

on the dorsal surface of the aphid skin and emerges, usually leaving

the lid attached. In contrast, the hyperparasite on emergence usu-

ally leaves a jagged hole without an attached lid. The typical 'mum-

my' with emergence hole and lid attached, together with an illustra-

tion of an adult Aphidius parasite, is shown in Figure 1. The dia-

pause cocoons differ somewhat in color and texture. They are dark

brown rather than straw colored and are of thicker texture than the

ordinary cocoon.

The cocoon of the genus Praon is easily distinguished from

that of Aphidius . Species of the former leave their host prior to

pupation and construct a tent-like structure surmounted by the empty
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A

B

Figure 1. Adult parasite (A) and typical parasitized aphid
'mummy' (B) of Aphidius sp.
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skin of the aphid.

Aphid 'mummies' collected in the field were brought into the

laboratory and reared in half-pint glass jars. Room temperatures

ranged from 70-80 degrees Fahrenheit, and relative humidity from

50-70%. As soon as the hyperparasite emerged it was removed to

preculde any further hyperparasitism in the container. Adult pri-

mary parasites were allowed to die normally to avoid obtaining ten-

eral specimens. All specimens were placed in vials containing 70%

alcohol and appropriately labelled. All parasites and hyperparasites

were identified and their numbers recorded.

In addition to the Hyslop collections, parasites were collected

from other areas but only for the purpose of qualitative sampling.

These localities included:

(1) One of the original release sites near Dayton, Oregon.

(2) A forage crop area approximately eight miles south of

McMinnville, Oregon.

(3) The Wilson Game Management Reserve (Camp Adair)

near Corvallis.

(4) Experimental alfalfa plots near the Southern Oregon

Agricultural Experiment Station at Klamath Falls,

Oregon.

Information in regard to both the native and the introduced

parasites has also been obtained from correspondence, publications,
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material in the OSU Department of Entomology insect collection,

and from confirmed identification of material that had been taken in

previous surveys.

Procedures in regard to analysis of female genitalia of the

primary parasites are discussed in the section specifically dealing

with these parasites.
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III. LITERATURE REVIEW

While the effectiveness of the hymenopterous parasites of the

family Aphidiidae as biological control agents has long been recog-

nized, it is only recently that A. smithi was described as a new spe-

cies by Sharma and Rao (33), 1958. As a consequence, the litera-

ture on this particular species is not voluminous.

Major reliance for the description of this species is placed on

publications by Sharma and Rao (33), Start (40), Mackauer and

Finlayson (24), and Wiachowski (42). It should be mentioned how-

ever, that Starf placed A. smithi in synonomy under A. ervi Haliday

(Figure 2), and that Wiachowski considered that most of the charac-

teristics given by the Indian workers to separate the two taxa did not

stand critical comparison.

Of the other aphidiid species that are of concern in this study

Aphidius ervi pulcher Baker, was first described by Baker (3), in

1909. His description was rather brief and of little value for identi-

fication purposes. Subsequently this parasite was more completely

described as Aphidius pisivorus Smith (35), in 1941. (See Figure 2. )

Praon simulans was first described by Provancher in 1866 and subse-

quently by Viereck under the synonym pequodorum.

Of particular value on the systematics and taxonomy of the

Aphidiidae are Smiths' monograph of 1944 (36); publications by



Haliday 1834 A. ervi Haliday A. urticae Haliday
'European' 'European'

1

A. pulcher BakerBaker 1894 1

1 'North American'

Smith 1941 1 1 . A. pisivorus Smith
'North American'

1

1

Sharma
and Rao

1959 A. smithi S & R
I

I \ I

I

'Indian'

1

Mackauer 1963 A. pisivorus Smith

\ I
A. pulcher Baker
'North American'/

\ /
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Start'' 1966

A.

'European
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urticae
ervi Haliday
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A. smithi S & R
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_ 1

Mackauer 1967 A. smithi S&R A. ervi Haliday
'Indian' 'European and

North American'

Mackauer 1967 A. ervi ervi Haliday A. ervi pulcher Baker
'European' 'North American'

'hypothetical' 'eastern strain' 'western strain'

Broken lines - 'Splitting' or 'lumping' on species level
Solid lines - Sub-specific grouping

Figure 2. Synonomy of primary parasites.
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Starf (39, 40); Narayanan, Subba Rao, Sharma and Star (26);

Mackauer (20, 21, 22); and Mackauer and Finlayson (24).

Major sources of information in regard to parasite release

activities in Oregon are given in publications by Cooke (8), Hagen

and Schlinger (15), Angalet and Coles (2), and Ritcher (27). Cooke

mentions the release of small shipments of three aphid parasites in

the Walla Walla area of Washington in April 1959, and Hagen and

Schlinger recorded the release of A. smithi in several coastal

alfalfa fields of California in 1958. By 1960 this parasite had be-

come well established in these valleys and appeared intermittently

in the interior valleys.

In his 1966 publication Start' (40) describes the introduction of

A. smithi into Czechoslovakia from laboratory rearings obtained

from Riverside, California. As mentioned above, he came to the

conclusion that A. smithi was only a color variant of the widely

distributed European species A. ervi, which is also the native para-

site of the pea aphid in Czechoslovakia.

Other sources of information on parasite releases and estab-

lishment are given by Mackauer and Bisdee (23), and Angalet and

Coles (2).

The biology and ecology of the Aphidiidae in the earlier litera-

ture has been covered by MacGill (19) 1922, Spencer (38) 1926, and

Beirne (4, 5) 1942. More recent material includes work by
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Wiachowski (42) 19 62, Grable (14) 19 64, Starr (40) 19 66, Mackauer

and Finlayson (24) 19 67, and Halfhill (1 6) 1968.

Important source material on the hyperparasites is provided

largely by Haviland (17) 1921, Spencer (38) 1926, DeBach (9) 1949,

and Sharma and Rao (33) 1959.

Literature on the Aphididae and aphid predators is quite exten-

sive. However, publications with reference to the local situation

were of more particular value such as Eichmann and Webster (10)

1940, Rockwood and Reeher (28, 29) 1942 and 1943, Cooke (8) 1963,

and Ritcher (27) 19 66.
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IV. HISTORY OF PARASITE INTRODUCTIONS FOR
CONTROL OF THE PEA APHID

Surveys for parasites of various insects in northern India in

1958 indicated that a new species of Aphidius , described later in

1958 as Aphidius smithi by Sharma and Subba Rao (33), was an

effective parasite of the pea aphid. It was considered largely re-

sponsible for the control of this pest in India.

In response to a request from the Insect Identification and

Parasite Introduction Research Branch, Entomology Division, ARS,

USDA, a shipment of 110 aphid 'mummies' containing A. smithi

was sent to the Introduced Beneficial Insects Investigations Labor-

atory at Moorestown, N. J. and this material provided 17 females

for use in propagation work. More than 74,000 specimens of

A. smithi were reared from this original stock at the Moorestown

laboratory during 1958 and 1959. These were reared from the pea

aphid on red clover and released by USDA cooperators and by per-

sonnel of the Moorestown laboratory in all the south Atlantic states

except West Virginia. Releases were also made in Penn., N.J.,

Maine, and Arizona.

Shipments of some of these parasites were made from the

Moorestown laboratory to the Department of Biological Control,

University of California, Riverside, where they were propagated
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and released in California.

Hagen and Schlinger (15) reported that releases of the wasp

were started in the California alfalfa fields in May of 1958 and that

by May of 19 60 more than 220, 000 had been released. By the Spring

of 19 60 the Indian wasp was widespread in the coastal valleys from

north of the San Francisco Bay area south to San Diego, and in many

interior valleys including the desert regions of southern California.

However the absence of the pea aphid in the interior valleys during

the summer did not enable the parasites to survive in sufficient num-

bers to become permanently established without replenishment from

the coastal populations.

In regard to releases in eastern Washington, Cooke (8) reports

that small shipments of three parasite species were sent from the

Moorestown laboratory in April 1959. These species were: Aphidius

pisivorus Smith (=Aphidius ervi pulcher Baker), a common internal

parasite of the pea aphid in the eastern U.S., but not common in the

Blue Mountain area of south-eastern Washington and north-eastern

Oregon; Praon simulans Provancher (=Praon pequodorum Viereck)

a parasite of similar history; and Aphidius smithi Sharma & Rao.

These wasps were liberated in alfalfa fields near Walla Walla, Wash-

ington and multiplied rapidly. In the Spring of 1960, altho pea aphids

were scarce, a few 'mummies' of both Praon and Aphidius were

found near the release site, indicating that the parasites had



15

survived the winter of 1959-60.

Halfhill (personal communication) mentions that in 19 64

Aphidius smithi was found throughout the Yakima River drainage

area from Cle Elum to Pasco but that it was not found in the Columbia

Basin or in the Walla Walla area until 1965. In 1964 A. smithi com-

prised about 3% of the parasite population and has gained increasing

dominance until in 19 66 it represented 50% or more of the parasites

attacking the pea aphid on alfalfa in Washington.

Insofar as recoveries of A. smithi in eastern North America

are concerned, Angalet and Coles (2) state that subsequent to its

release in 1958, A. smithi was recovered at selected sites in

Delaware and New Jersey, but that each year thereafter attempts

made to recover this species at various release sites were unsuccess-

ful. However, they further state that in the fall of 19 65, A. smithi

was recovered from several localities in New Jersey, Pennsylvania

and Delaware and that parasitism of the pea aphid by A. smithi aver-

aged 18% (maximum 25%) in collections taken in September at

Moorestown and other points in New Jersey, and in Delaware and

Pennsylvania. In November 1965, A. smithi was also recovered

in North Carolina and Maryland.

Fox and Pass (13) mention that since 1962, A. smithi has been

found parasitizing increasing numbers of the pea aphid in clover and

alfalfa fields in Kentucky.
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Outside of the 1J. S. , Mackauer and Bisdee (23) report that a

survey conducted by them in southern Ontario late in September 1964

revealed the presence of A. smithi as the dominant parasite species

in most alfalfa fields and it had largely replaced the native A. pulcher

(=A. ervi pulcher). Mackauer and Bisdee interpret the presence of

A. smithi as due to immigration from the release areas along the

eastern seaboard of the 1J. S., probably via the Niagara peninsula.

In one of the samples taken, the parasite A. smithi was found to be

fairly abundant, outnumbering the native A. pulcher (=A. ervi

pulcher) by a ratio of four to one. However, it was less abundant

than P. pequodorum (=P. simulans).

Mackauer and Bisdee (23) also report that a shipment of

A. smithi parasites from the Moorestown laboratory were propa-

gated at Belleville, Ontario, and were subsequently released in

Nova Scotia. They discount the possibility of escape and establish-

ment of any of these parasites in Ontario. There has been no report

as yet on whether or not A. smithi has been successfully established

in Nova Scotia.

Start'' (40), gives an account of the introduction of A. smithi

into Czechoslovakia from laboratory rearings made at the University

of California, Riverside. These were derived, as the other releases

mentioned, from the original stock from India and subsequently

propagated at Moorestown. According to Start'' it had been found
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that the native parasites of the pea aphid in Czechoslovakia, A. ervi

Haliday (=A. ervi ervi Haliday) and Praon dorsale Haliday, altho

effective parasites, did not infest the aphid early enough in the

spring to prevent outbreaks and it was hoped that A. smithi might

overcome this difficulty. Apparently no actual releases in the field

of A. smithi were made after it was concluded from laboratory ex-

periments that A. smithi did not represent a valid species but was

only a color variant of the native parasite of the pea aphid in Czech-

oslovakia. (See Figure 2.)

The following account of parasite releases of pea aphid para-

sites in Oregon is taken from records of the OSU Department of

Entomology and from Ritcher (27) 1966, and a summary of this

release activity and its results is given in Table 1.

Two releases of the pea aphid parasite A. smithi were made

near Dayton in Yamhill County. Thirty-five parasites were released

on May 11, 1961, and 887 were released on June 7, 1961. These

parasites were received from Riverside.

At Hyslop Experimental Farm releases were made on April 26,

1961 of parasites received via the Moorestown laboratory. These

are tabulated as follows:

Aphidius sp. 175 ex France
A. pisivorus 135 N. J. strain
A. pisivorus 63 N. J. strain
Aphidius sp. 120 ex France.



Table 1. Biological control of pea aphid with primary parasites in Oregon, 1966.
of Entomology records).

(Adapted, in part, from Ritcher 1966 and 0. S. U. Department

Parasite Date Agency Country Initial Present
introduced of origin release sites status

Aphidius smithi Sharma and Rao 1961 USDA India Hermiston Abundant
Moorestown
N. J. lab.

Aphidius smithi Sharma and Rao 1961 U. of Cal. India Dayton Abundant
Riverside

Aphidius pisivorus Smith 1961 USDA USA, N. J. Hsylop Farm Recovered
(= Aphidius ervi pulcher Baker) Moorestown Eastern variety Corvallis 1963-1964

N. J. lab. Rare in 1966

Aphidius pisivorus Smith Native
parasite

USA,
NW Pacific

Rare on
pea aphid(.= Aphidius ervi pulcher Baker)

Willamette Coast
Valley

Aphidius urticae Hal. 1961 USDA France Hyslop Farm Prevalent in
(= Aphidius ervi ervi Haliday) Moorestown Corvallis small numbers

N. J., lab.

Praon pequodorum Viereck Native
parasite Rare in westernPraon simulans Provancher)

Oregon
Abundant at
Klamath Falls
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From recoveries at the Hyslop Experimental Farm in 1963, nine

specimens were sent for identification to the Entomological Research

Division at Beltsville, Maryland. This material was examined by

C. F. W. Muesebeck and identified as A. pisivorus, however the

correspondence mentions that since A. pisivorus is as common in

the west as in the east, the identified parasites may not be from

earlier releases.

Correspondence from W. H. Parker at the Moorestown labora-

tory subsequently identified the material received from France and

released at Hyslop Farm as A. avenae and A. urticae Haliday. A.

urticae was listed by Start (40) 1966, as a junior synonym for A.

ervi and subsequently as A. ervi ervi Haliday the European sub-

species of A. ervi by Mackauer (24). (See Figure 2. )

No recoveries of A. urticae (=A. ervi ervi ) were reported

between the date of release at Hyslop and the time when this study

began in May 1966. A. avenae Hal. was never recovered, as ex-

pected, since it is mentioned by Start (40) as being a typical para-

site of Sitobium sp. on Gramineae.
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V. IDENTIFICATION AND SYSTEMATICS OF THE NATURAL
ENEMIES OF THE PEA APHID AT HYSLOP

General Considerations

The identification of the natural enemies of a particular crop

pest is of obvious importance in any biological control program.

This is particularly so in the case of the primary parasites of the

genus Aphidius whose identification and role was of particular con-

cern in this study.

Members of the genus Aphidius introduced for the purpose of

the biological control of the pea aphid in the Pacific Northwest have

successfully established themselves and have proven to be of con-

siderable importance in the control of the pea aphid. However, im-

portations were made over a period of time when it had not been

definitely established as to what extent the imported European species,

the Indian species, and the native North American species, were

representatives of one species or whether they were separate spe-

cies or sub-specific groups of a single species. This matter is

discussed in the following section and a graphic illustration, Figure

2, of the evolution of the systematic position of the members of the

genus Aphidius of concern in this study is given. A subsequent sec-

tion deals with the problems of the morphological differentiation of

these species and their sub-groups and is of significance in any
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assessment of the relative importance of the three geographic groups

involved. Representatives of the genus Praon were of little impor-

tance during the 1966 season in the Willamette Valley and are dealt

with only incidentally.

Predators are of considerable importance in the natural control

of the pea aphid. They presented little difficulty insofar as identi-

fication and systematics were concerned, however it is extremely

difficult to determine the relative importance of predators versus

parasites. Data on predators at Hyslop during the 1966 season is

presented in Table 4. Coccinellids appeared to be the most impor-

tant in this group and a complete record for these was kept through-

out the season.

Appendix I includes the original published description of A.

smithi Sharma and Rao and of A. pisivorus Smith (=A. ervi pulcher

Baker). Appendix II is a record of predators identified from the

Hyslop Experimental Farm collections during the season of 1966.

Systematic Position of the Primary Parasites

The family Aphidiidae is a group of small ichneumonoid wasps

parasitic on aphids. There has been some dispute as to whether the

Aphidiidae should be considered an independent family or whether

they should be classified as a sub-family of the Braconidae with

which they have in common the lack of a second vein proceeding
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backwards in the forewing. Separation of the Aphidiidae as a family

distinct from the Braconidae is based mainly on the characters that

all segments of the abdomen are fully flexible and that wing venation

is simpler and more attenuated. Smith (36) 1944, considered the

Aphidiidae to be part of the Braconidae, and Narayanan et al. (26)

1962, retained the group as a sub-family of the Braconidae. How-

ever, since 1960 there has been an increasing tendency to recog-

nize the Aphidiidae as a family distinct from the Braconidae:

(Mackauer (20) 1961, (21) 1963; Schlinger and Hall (31) 1963; and

Start' (40) 1966).

On the generic level, important progress in the systematics

of the genus Aphidius began with the tendency to elevate the old sub-

genera of Smith (36) 1944, (in his Neartic revision of the group), to

generic rank. The genus Aphidius Nees (sensu Smith) was split

into four genera: Aphidius Nees, Lysiphlebus Forster, Lysaphidus

Smith, and Pauesia Perez (=Protoaphidius Ashmead = Paraphidius

Start'').

At the time when most of the collecting work on this study had

been completed in November 1966, it appeared that the primary

parasite spectrum of the pea aphid in western Oregon consisted of

four species; Aphidius smithi Sharma and Rao, A. pisivorus Smith,

A. pulcher Baker, and Praon pequodorum Viereck (=P. simulans

Provancher).
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Praon pequodorum is a member of the sub-family Prainae

and is easily distinguishable from members of the genus Aphidius

both morphologically in the adult and because the pupa is produced

in a coccoon or 'mummy' formed typically beneath the aphid skin

in contrast to Aphidius which produces the pupa within the hollowed-

out skin of the aphid. P. pequodorum was rarely found in the collec-

tions made in western Oregon but it is interesting to note that in a

sample of approximately one hundred 'mummified' pea aphids col-

lected at Klamath Falls, it comprised nearly one third of all the

primary parasites collected.

According to Mackauer (24) 1967, P. pequodorum attacks

mainly the pea aphid altho related aphid species probably serve as

occasional hosts. Rearings from aphids not belonging to Acyrtho-

siphon possibly pertain to P. simulans or to some other morpho-

logically similar Praon species. All specimens of P. pequodorum

which were collected during the 1966 season came from pea aphid

hosts.

It is at and below the species level within the genus Aphidius

that systematics and biological control are most significantly inter-

related. Any assessment as to which species, sub-species, or vari-

ety are important control agents within a given locality depends on the

validity of previous work in the systematics of the group involved

and on accurate determinations made on the basis of this work.
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When collections for this study were made it was considered that

three species of the genus Aphidius were involved. These were:

A. smithi Sharma and Rao, A. pisivorus Smith, A. pulcher Baker.

During the period of data collection, the assumption was first

made on the basis of importation and release records, that A.

pulcher Baker was synonymous with the European species A. ervi

Haliday. A further assumption was made on the basis of the OSU

Museum collection and on the basis of the literature that the native

species was A. pisivorus Smith. It was later found that Mackauer

(21) 1963, in his revision of Baker's collection had placed A. pulcher

Baker and A. pisivorus Smith in synonymy. Starf's publication (40)

1966, had denied the validity of A. smithi as a separate species and

had placed it in synonymy under A. ervi Haliday.

Mackauer (24) 1967, affirms the validity of A. smithi as a dis-

tinct species. He divides A. ervi into two sub-species, A. ervi

pulcher Baker, and A. ervi ervi Haliday. Aphidius ervi pulcher is

considered to be the correct designation for the native species and

Mackauer (24) 1967, places A. pisivorus Smith, 1941, under A. ervi

pulcher Baker. The species A. pulcher Baker which had been placed

in synonymy with A. pisivorus Smith, no longer exists as a valid

name at the species level. A. ervi ervi Haliday is accepted as being

the correct name for the imported EUropean sub-species with which

this study is concerned. (See Figure 2. )
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There are accordingly only two species of the genus Aphidius

involved in this study. These are A. smithi Sharma and Rao, and

A. ervi Haliday, with its two sub-species, the European ervi, and

the native North American pulcher. There is also the possibility

that there are two varieties of the sub-species A. ervi pulcher,

one native to the Pacific Northwest and the other primarily eastern.

Differentiation of the Aphidius Parasites on the
Basis of Morphological Characteristics

The analysis of data from Hyslop Experimental Farm and from

other locations in western Oregon, must for all practical purposes be

based on morphological criteria that are visible in dead specimens.

There were two aspects involved in this study:

(i) Classification of data by the use of general morpho-

logical characteristics.

(ii) Classification by reference to the morphology of the

female genitalia.

General Morphological Characteristics

The bases for these are provided by Sharma and Rao's original

description of A. smithi and by Smith's original description of A.

pisivorus (=A. ervi pulcher). In order to separate the components

of the population of the genus Aphidius , considerable use has been
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made of the original descriptions of the two species involved. These

are supplemented by references to Halfhill (personal communication),

and to Mackauer (24). Mackauer especially is relied on for the dif-

ferentiation between the sub-species A. ervi pulcher and A. ervi

ervi. The original description of Aphidius smithi Sharma and Rao,

is given in Appendix I.

Sharma and Rao, in differentiating between A. smithi and A.

pulcher (=pisivorus ), placed emphasis on the following characters:

total length, length of veins of forewing wing, number of antennal

segments, lengths of first and second flagellar segments, width of

thorax at tegulae, length of petiole, shape of anterior prong of the

second valvula and first valvifer of the female genitalia, and color

patterns.

In the experience of this writer none of the characteristics

mentioned above could be relied on as an unequivocal criterion of

species. The process of differentiating these two species seems to

be largely a process of consensus altho some characters seem more

useful than others. Particular use was made of head and thorax

width on a comparative basis, antennae, color patterns, and female

genitalia.

It is the opinion of this writer that Smith's description of A.

pisivorus should be considered applicable to both A. ervi pulcher

and A. ervi ervi. The only significant morphological difference
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between these two sub-species of A. ervi appears to be in the struc-

ture of the female genitalia. Other significant differences as men-

tioned by Mackauer (24) are ethological.

Halfhill (personal communication), found certain character-

istics to be useful in separating A. smithi from A. pulcher

vorus). These are arranged in the following form:

Male Antennae

Tarsal Segments

Pleural Regions

A. smithi

23 segments

All dark brown

Red orange or car-
rot color, especi-
ally mesopleural
region.

A. pulcher (=pisivorus)

21 segments

Usually only the last
segment dark brown,
remainder yellow

Dark brown to black

Female Antennae 21 segments in the- Average about 19
ory but many with
19

Mackauer (personal communication) suggests that differentia-

tion between A. smithi and A. pulcher (=pisivorus) is most valid in

the females on the basis of relative length of the third antennal seg-

ment. He states:

In smithi the third antennal segment is about as
long or slightly longer than the fourth segment, in pulcher,
the third antennal segment, is slightly shorter than or
rarely, as long as the fourth segment. Differences in
color (altho very obvious occasionally) should not be used
unless the climatic conditions of the collecting area (or
of the rearing cages) are exactly known. There are also
good characters to separate the two taxa by their mating
behaviour, and in the last larval instar.
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The collected material from Hyslop and from other points in

the Willamette Valley has been revised insofar as Mackaueris infor-

mation on antennal segment lengths in the female Aphidius parasites

is concerned. However it should be mentioned that in regard to rep-

resentatives of the genus Aphidius, a statistical analysis of popula-

tion data is needed to take account of individual variations.

In reference to the descriptions given by Sharma and Rao (23)

and by Smith (35), Wiachowski (42) was not convinced that the differ-

ences between these two species as given by these authors were in

fact significant. He states that after inspecting several hundred

specimens of A. smithi these differences tend to become effaced,

particularly in regard to all measurements taken in absolute scale.

The number of antennal segments is not a good differentiating char-

acter, since in the great majority of A. smithi females there are

19 and in the males 21 to 22 segments. This is the same or nearly

the same as in the case of A. pisivorus. Wiachowski also states

that the differences in genitalia and the very similar coloration in

both species also fails to convince, and he is of the opinion that

there may be other more significant features differentiating the

two species in question which were not mentioned by the Indian

authors. Finally, according to Wiachowski:

Most convincing proof could be obtained by compar-
ison not only of types, but also of the biology and ecology,
and by attempts at obtaining fertile hybrids of these two
species.
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Morphology of the Female Genitalia

An attempt was made to check on the primary parasite popula-

tions obtained at Hyslop by an examination of the morphology of the

female genitalia. This was done by selecting at random from the

collected preserved specimens, 50 representatives of female A.

smithi and the same number of A. puicher (=pisivorus ). One hun-

dred slides were prepared by separating the terminal abdominal seg-

ments, clearing in KOH and mounting in Hoyer's medium. The ex-

amination of the prepared slides was based on sagital section draw-

ings given by Sharma and Rao for A. smithi and by C. F. Smith for

A. pulcher (=pisivorus). Examination of the genitalia was based

mainly on the shape of the anterior prong of the second valvula,

and the first valvifer. However some consideration was given to

the shape, size, and relative position of the proctiger which differs

slightly in the two species.

The results of this examination revealed that all female speci-

mens identified as A. smithi conformed to the drawings of Sharma

and Rao. The results with A. pulcher (=pisivorus) were ambiguous.

Only one of the prepared slides showed an unequivocal congruence

with Smith's representation of the female genitalia of A. puicher

(=pisivorus). Several slides were doubtful, but the great majority

could not be readily distinguished from those made from specimens
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of A. smithi.

With reference to the female genitalia, Sharma and Rao (33)

state that A. smithi differs from A. pulcher (=pisivorus) in the shape

of the anterior prong of the second valvula, and the first valvifer.

Wiachowski (42) however, as mentioned above, was not convinced

that these differences between the two species were in fact signifi-

cant.

On the assumption that Smith's study of the morphology of the

female genitalia is accurate, it must be concluded from the examina-

tion of the Hyslop material that the presence of A. pulcher (=pisivor-

us) or what is now classified as the sub-species A. ervi pulcher

Baker, is practically negligible and as mentioned before, only one

specimen conforming to Smith's description of the female genitalia

was found altho there were several doubtful specimens which may

have been hybrids between sub-species ervi and sub-species pulcher.

The conclusion that is reached on the basis of this examination

of the morphology of the female genitalia is that all specimens identi-

fied as A. ervi or under its junior synonyms of A. pulcher or A.

pisivorus, belong to the sub-species A. ervi ervi. There was the

one clear-cut exception identifiable as A. ervi pulcher and several

doubtful specimens. It is believed on the basis of this study that

separation of the sub-species ervi from the sub-species pulcher can

be made on the basis of the female genitalia, given that the



specimens examined all belong to the species A. ervi. The differ-

ences between the morphology of the female genitalia of A. smithi

and A. ervi ervi are not sufficiently clear-cut to permit the use of
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this criterion in separating A. smithi from A. ervi ervi but is only

of value on the sub-specific level within the species A. ervi.

Host Range and Preference of
the Aphidius Parasites

An examination was made of representatives of the genus

Aphidius in the OSU museum collection taken in western Oregon

and a list of specimens classified as A. pisivorus is shown in Table

2. All of these were collected in western Oregon well before the

time that releases of any imported Aphidius species were made in

this area. No data is available on the host plants from which the

'mummies' were taken. Of the 13 specimens available, four were

reared from the green peach aphid, Myzus persicae, and the remain-

ing nine from Macrosiphum solanifolii. This suggests, along with

results from the morphological studies of collected material that

the native North American Aphidius ervi pulcher (=Aphidius pisivor-

us) is not often found on the pea aphid in Western Oregon and this

probably accounted for the need to import foreign parasites for

biological control purposes.

It is of some interest at this point to mention the comments of



Table 2. Identified Aphidius pisivorus (= A. ervi pulcher) from OSU Museum collection.

Species Host aphid Locality Identif.

1. Aphidius pisivorus Macrosiphum solanifolii Corvallis Muesebeck
July 15, 1950

2. Gresham
June 26, 1950

3. Gresham
Aug 16, 1950

4. Myzus persicae Gresham
Aug 5, 1950

5. Macrosiphum solanifolii Corvallis
July 15, 1950

6. Gresham
Aug 5, 1949

7. Corvallis
July 15, 1950

8.

9.

10. Mysus persicae Gresham
Aug 5, 1950

11. Macrosiphum solanifolii Corvallis
July 15, 1950

12. Mygus persicae Corvallis
Aug 9, 1950

13. Gresham
Aug 1949
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several authors in regard to the question of host specificity. Smith

(35), described A. pisivorus from a large series of specimens

reared from the pea aphid, giving the type locality as Logan, Utah,

and it is known to be a common internal parasite of the pea aphid in

the Eastern;U. S. Cooke (8), reports that no parasites native to the

Blue Mountain area of eastern Oregon and eastern Washington have

proved of any value as a control of the pea aphid and Ritcher (27),

has suggested that there is an eastern and western variety of A.

pisivorus (i. e. A. ervi pulcher).

With regard to the question of host preference, Mackauer (24)

states:

It seems likely that ervi pulcher and ervi ervi
have comparable host preferences. This would mean
that pulcher is specific to Acyrthosiphon species that
feed on Papilionoideae. Other host records, such as
Aphis nasturtii or Myzus persicae, probably are based
on misidentifications and refer to different species of
Aphidius.

Table 2 lists four specimens of A. pisivorus (i. e. A. ervi pulcher)

as occurring on M. persicae. If Muesebeck's identifications are

correct, then Mackauer's statement must be called into question.

However it should be noted that Mueseback's identifications were

made on specimens taken from western Oregon locations. Insofar

as the available evidence is concerned the correct interpretation

seems to be that there are two varieties or biological strains of

the sub-species A. ervi pulcher so that Mackauer is generally
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correct, but that a variety of A. ervi pulcher, referred to in Figure

2 as the 'western strain', is found on Myzus per sicae in western

Oregon. This may also explain why the introduction of the 'eastern

strain' of A. pisivorus (=A. ervi pulcher) has not been successful

on the pea aphid in western Oregon. See Table 1.

Discussion

Considerable difficulty was experienced in classifying the

primary parasites of the genus Aphidius both on the specific and

sub-specific levels. As previously mentioned, both Wiachowski and

Start'' questioned whether A. smithi and A. ervi were in fact separate

species. It is agreed that evidence beyond that based on external

morphology is desirable and that more information on the ethology

and ecology of these two species is necessary. However at the time

of writing, no information was available beyond that of the original

published descriptions. The 1967 systematic revision of Mackauer

and Finlayson (24) appeared subsequently and was also based on

studies of external morphology both in the adult and in the larva,

which represented a substantial advance over work previously done.

They also found that sub-species A. ervi ervi females and sub-

species A. ervi pulcher males could be successfully crossed but

that the reciprocal cross could not be made. This suggests to the

present writer that the differing female genital morphology in the
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sub-species A. ervi pulcher may interpose an obstacle to successful

mating between sub-species pulcher females and sub-species ervi

males. Mackauer (24) reports that hybridization between sub-species

ervi females and sub-species pulcher males took place at one third

the rate of pure A. ervi ervi matings. Mackauer states; "It is un-

known whether any of the specimens released in North America sur-

vived; if they did, the ervi specimens probably interbred with the

local pulcher specimens." The position taken in this dissertation is

that the introduced European sub-species ervi did become established

to some extent on the pea aphid at the Hyslop Experimental Farm

alfalfa plots, that they are probably ecologic homologues of A. smithi,

and finally that they are in process of being displaced by the imported

Indian wasp A. smithi. It is also believed by this writer on the basis

of work done in preparation of this dissertation, and on Mackauer's

findings, that there is partial reproductive isolation between A. ervi

ervi and A. ervi pulcher. It is quite possible that there may have

been a few hybrids in the collected material from Hyslop Experimen-

tal Farm between ervi and pulcher, but the evidence suggests that

they are not likely to be present in any but small numbers.

On the basis of this study of the female genitalia as well as

on the known host preferences of both the introduced European sub-

species A. ervi ervi and the native sub-species A. ervi pulcher,

it is most likely that the collected specimens from Hyslop which were
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originally identified as A. pulcher (=pisivorus) are largely the intro-

duced European sub-species A. ervi ervi. As mentioned before

only one female specimen appeared to be definitely A. ervi pulcher,

i. e. the native sub-species.
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VI. APHID-PARASITE-PREDATOR COMPLEX

General Considerations

Primary consideration is given in this section to the more

general aspects of the aphid-parasite-predator complex in western

Oregon with particular reference to the alfalfa plots at the Hyslop

Experimental Farm during the 1966 growing season. However occa-

sional reference is made to the experimental plots at Klamath Falls

for purposes of comparison.

Discussion is centered about the pea aphid and its environmen-

tal factors such as weather, food, 'other animals', and habitat.

These constitute the four major components recognized by Andre-

wartha (1) and appear to offer the most suitable classification. The

term 'other animals' includes both insect predators and parasites

and a comprehensive summary of these is given in a previous sec-

tion. With the exception of pathogens, no additional separate treat-

ment is given to the other environmental factors but they are dealt

with as questions concerning them arise in the course of the discus-

sion.

An examination of the aphid population curve shown in Figure 3

shows the appearance of three well defined cycles of aphid abundance.

However, most authors commonly refer to a two cycle spring and
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fall build-up. This is the case in Rockwood and Reeher's papers

(28, 29) dealing with the pea aphid in western Oregon, and with

Eichmann and Webster (10), and with Cooke (8), in their papers on

the pea aphid situation in eastern Washington and in eastern Oregon.

Because of obvious climatic differences, Shands, Simpson et al. (32),

in discussing the pea aphid on potatoes in Maine are concerned with

only a single cycle. In the present discussion it seems desirable to

use a three cycle approach even though the three distinct cycles of

1966 may not be typical of other years. This not only has the advan-

tage of facilitating population analysis but also shows a rough corre-

lation with the calendar seasons.

At Hyslop Experimental Farm, the latter part of the spring

cycle which began early in April, reached a high point of 700 aphids

per sweep on June 1, and is shown as ending on June 7. This was

succeeded by the summer cycle extending from June 8 to July 20.

From July 20 to September 21 there extended a long mid-summer

period of hot dry weather during which the aphid population main-

tained itself in very low numbers. With the onset of cooler weather

and high humidity, a substantial fall build-up of the aphid population

took place, reaching a high point of over 2, 000, and this extended

to November 17. The aphid population showing these cyclical fluc-

tuations form the substrate for the parasites and predators. The

fluctuations themselves are the resultant of the interactions of the



environmental factors of weather, host plants (i. e. food), 'other

animals' and habitat.

Spring Cycle

40

Between the collecting dates of June 1 and June 7 the tempera-

ture averaged about 55°F at the beginning of the period. Just prior

to the collection date of June 7 which produced a low count of pea

aphids and which is taken as marking the end of the spring cycle,

the average daily temperature rose to approximately 65°F and lasted

for a period of several days. This is sufficient to account for a

considerable migration of winged forms. It is pointed out by Eich-

mann and Webster (10) the the presence of winged forms together

with substantial numbers of nymphs with wing pads, indicates that

emigration is imminent, given suitable weather conditions. An ex-

amination of the collections of June 1 indicated that winged forms

were developing at this time and were accompanied by nymphs show-

ing the development of wing pads. Crowding and starvation have been

shown to be associated with an increase of winged forms, but inde-

pendently of this during the spring most of the aphids that become

adults will possess wings. Emigration was probably encouraged by

overcrowding and the nearby presence of red clover in a suitable

stage of development for aphid feeding. Rockwood and Reeher (29)

mention that red clover develops considerable populations of the pea
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aphid in western Oregon only in the latter part of the spring and this

was found to be the case during the 1966 season. During the spring

cycle it is apparent from Figure 4 that both predator and parasite

populations remained at a relatively low level. This is largely be-

cause the aphids have a comparative advantage at the lower tempera-

tures and at the higher humidities typical of spring weather.

Summer Cycle

The summer cycle, beginning on June 8, was characterized by

conditions under which the alfalfa plants reached their optimum condi-

tion as aphid host plants. These conditions are considered by Smith

and Davis (37) to be optimum when temperatures approach 65°F and

there is a relative humidity of 80%. Because of vigorous growth,

the plants do not suffer appreciable injury even though they produce

sufficient aphids to later damage alternate host plants.

This cycle of aphid abundance lasted for approximately one

month, ending in mid-July. During this period the average daily

temperatures were close to 65°F with little rainfall of any conse-

quence except for two days at the beginning of July. The major item

of interest in this cycle is the striking acceleration of both the coc-

cinellid predators and the primary parasite development following

the aphid increase. It is apparent that the summer cycle is the only

one of the three cycles in which predators and parasites were
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important agents of population regulation. The most important factor

favoring the development of both predators and parasites was the

onset of warmer weather. Although the aphids flourished, they no

longer had the advantage in respect to the favorable temperature dif-

ferential that they enjoyed during the spring cycle. The most prompt

response to higher temperatures was given by the parasites. In the

summer cycle this response to the increase in aphids was almost

immediate. On the other hand, the coccinellid population increase

tended to react less promptly to the increase in aphid population.

This is probably because the coccinellids and other predators are

not so specifically dependent on the aphids as are the parasites,

but also perhaps because of such factors as longer generation time

requirement and erratic migratory tendencies of the adult coccinel-

lids.

The low point of July 4 in the summer aphid cycle coincides

with the coccinellid high point for the 1966 season (Figure 4). At

this point the ratio of coccinellids to pea aphids from sweep net

counts, was one to ten, a ratio which should be more than adequate

for effective biological control of the aphid.

The major coccinellid build-up was observed to start on June

24, the same date that the aphid population reached its high point

for the summer cycle. To provide effective biological control of the

aphids, the coccinellids would have to exert continuing pressure
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during a substantial part of the growth phase of the seasonal popula-

tion trend, or a catastrophic pressure of short duration would be re-

quired. In the situation being studied, the coccinellids exerted little

pressure during the growth phase. After the peak of aphid abundance

had been reached on June 24, the coccinellids did exert considerable

pressure of short duration, but it is not known how effective this

would have been without the interaction of the parasites which began

to respond promptly to the aphid population increase starting at the

time warmer average daily temperatures began on July 6. During

this period, pressure from other predators such as lacewings, na-

bids, and snake flies was of little importance (Table 4), and neither

the temperature nor the rainfall were particularly adverse to the

aphids.

In regard to the ethological characteristics of the coccinellids,

Clausen (7) reports that the aphid-feeding species suffer a great

loss through their inability to find a sufficient number of hosts in a

low population to bring them to a state of maturity and, altho they

may often be very effective in reducing heavy infestations, this

comes after serious crop injury has occurred and their value as

biological control agents is consequently reduced. That the coccinel-

lids were effective appears to be due to the preceding activity of the

parasites which more closely coincided with the aphid build-up.

Parasites showed a rise to rather substantial numbers coinciding
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with the high point of aphid abundance on June 24. At that date the

acceleration of coccinellid numbers had barely started. It seems

reasonable to conclude that in this situation, control of the aphid

population depended on the complementary action of parasites and

predators. It is doubtful whether either the parasites or the preda-

tors alone would have been effective in bringing about a decline of the

aphid population to the point which it reached on July 4.

Clausen also states that the nearer the coccinellid larva ap-

proaches the ovipositing habits of a parasite, the more effective it

is in controlling the host before it reaches destructive numbers.

He cites R. cardinalis Muls. on Icerya purchasi Maskell as an ex-

ample of this where the egg is laid upon the adult Icerya female or

upon the egg mass, and there is sufficient food material in the egg

output of one female to bring the predator larva to maturity. The

larva is spared the necessity of searching for food and the species

is thus able to maintain itself in an exceedingly low host population.

However, the coccinellids at the Hyslop Experimental Farm and at

other areas in western Oregon are more typically predators. Their

yellow spindle-shaped eggs were occasionally observed in clusters

on the upper side of an alfalfa leaf and the larva on hatching are

forced to search for their prey.

Clausen further reports on the feeding mode of Hippodamia

convergens Guer. on aphids. According to his figures, fourth instar
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larvae consume approximately 50 aphids per day and adult females,

if ovipo siting, regularly consume approximately the same numbers.

This would undoubtedly make them effective biological control agents

on the aphid population at the Hyslop Experimental Farm over the

period between June 24 and July 4. The low numbers of aphids by

July 4 resulted in the decline of the coccinellids after that date.

Probably there was a reduction of coccinellid pressure because of

the scarcity of prey and the migratory habits of the adult coccinellids,

that then allowed a partial revival of the aphid population. The effec-

tiveness of the local coccinellids however, was also offset to some

extent because they are not so rigorously specific on the pea aphid

as are the parasites. However, species of the genera Hippodamia

and Coccinella tend more strongly than the other predators encoun-

tered to be aphid feeders.

From the low point of July 4, in the summer cycle, the aphid

population recovered somewhat, to a secondary peak of about 1, 200

by July 7, but by this latter date the coccinellids had declined to

approximately 30, resulting in a ratio of coccinellids to aphids at

this time of one to 40. The parasite infestation, however, as evi-

denced by the presence of mummified aphids, reached its high point

for the 1966 season on July 7. It seems evident that the combined

effects of parasitism and predation brought about the pea aphid drop

shown in the July 4 sweep net count (Figure 4). The easing of
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coccinellid pressure then permitted some revival of the aphid popula-

tion.

The parasite infestation as represented by the numbers of

'mummies' taken on July 7 is evidently the result of infestation by

ovipositing females which had emerged since the peak of June 24.

The high point of parasite infestation for the 1966 season must have

resulted from the pressure of large numbers of ovipositing females

on fewer pea aphid numbers, but not in a sufficiently low density of

the latter to interfere with the host searching efficacy of the primary

parasite females. Weather conditions between the first and second

peaks of the summer aphid cycle were also favorable to parasite

activity.

The summer cycle had ended by July 20 as a result of the com-

bined effect of parasite and predator pressure; the increasing matur-

ity of the alfalfa plants with the consequent appearance and migration

of alate aphids; and the onset of temperature and humidity conditions

unfavorable to aphid abundance.

Towards the end of the summer aphid cycle (between July 11

and July 18), a large number of winged migrants appeared. In

regard to the production of alates, Schaefer (30) states that their

appearance in the pea aphid is associated with a concentration of

the body contents of the apterous parent. Waste substances are

eliminated only so long as fluid is digested in sufficient volume.
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Accumulated 'wastes' in the body of the aphid in the form of proteins

and carbohydrates appears to initiate wing development. A high

concentration of sap or the decreasing succulence of the tissues

of older plants, together with a low relative humidity, could bring

about this situation. In any case, the production of migrant forms,

according to Schaefer, is basically dependent on the condition of the

host plant as it may be affected by such factors as, the degree of

aphid infestation, maturity of host plant, and availability of moisture.

Insofar as the parasites are concerned, the adults feed on hon-

eydew and therefore tend to concentrate in the same localities as

the host aphids. A situation leading to the production of winged

aphids would decrease food supply available to the adult parasites

and thus encourage migration at the same time. Both parasites and

aphids are weak fliers and dispersal is dependent on favorable wind

and temperature conditions.

Passive spread of the primary parasite, A. ervi through in-

fested aphids that develop into winged adults is considered to be of

little importance according to Stary (39). He gives as reason for

this conclusion the fact that the later instars of the parasite decrease

the mobility of the host aphid, which usually dies at the end of the

fourth instar or as a young adult.

On the other hand, Hagen and Schlinger (15), with reference

to A. smithi, state that the spread of this parasite was greatly
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facilitated by the parasitized winged aphid carrying the parasite

larva while dispersing, and that this wasp has been carried a dis-

tance of more than 100 miles, even across desert areas, by para-

sitized winged aphids. Clancy (6), believes that passive dispersion

in this manner was the major factor in the movement of A. smithi

to central Mexico. He also suggests that transport of alfalfa hay

containing the parasite 'mummies' plays a significant role in the

spread of this parasite.

It is not definitely known whether there is any real difference

between these two primary parasite species with respect to passive

migration or the reason for such a difference, if any. However,

the record of the dispersal of these species in North America sug-

gests that there might be a difference in favor of A. smithi

'Mummified' alate pea aphids which contained primary para-

sites of either species were occasionally collected at Hyslop. There

is no way of knowing in the case of a 'mummified' winged adult

whether or not it was parasitized 'in situ' or whether it migrated

from another locality. The number of these forms that were ob-

served however, suggests that passive dispersal is not as impor-

tant as active flight in the spread of the primary parasites.

At the time pea aphid migrant forms were common on the

alfalfa towards the end of the summer cycle, red clover was dry

and no longer suitable as an alternate host plant. However an
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abundant aphid population on vetch plants at Adair was noted on

July 15 and corresponding with this, a much heavier degree of para-

site infestation than any which appeared at the Hyslop plots or at

any other point in the Willamette Valley during the 1966 season.

Two previous visits to the vetch at Adair during the course of the

summer cycle showed very little parasite activity and only one

'mummy' was collected. By August 1 the vetch at Adair had dried

and no evidence of aphids or parasites was found. It seems that

vetch is a suitable alternate host plant for the pea aphid in the envi-

ronment of the Willamette Valley and that an alfalfa-vetch relation-

ship in this area would correspond to the alfalfa-field pea relation-

ship in south-eastern Washington where alfalfa is important as a

reservoir host plant for the pea aphid. However this local relation-

ship is not comparable in economic importance to the alfalfa-field

pea relationship in south-eastern Washington.

It is most convenient to think of the summer cycle of the 1966

season at Hyslop as ending on July 20, as a consequence of the com-

bined effect of parasites, predators and temperature. The aphid

population entered its period of summer decline by July 11 but it

was still possible to collect a considerable number of parasite

'mummies' on both July 11 and July 15 since the 'mummies' col-

lected would represent the ovipositing activity of the parasites from

at least a week previous to the date of collection. From July 7 to
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July 20 the coccinellids showed a more gradual decline than did the

aphid population, probably because the coccinellids are not exclu-

sively dependent on the aphids as a source of food. Some migration

of the adult coccinellids would occur and those that remained, along

with the larvae, would have to seek alternative sources of food.

Fall Cycle

The end of the summer cycle also coincided with the onset of

the highest daily temperatures of the year which lasted until a cooling

trend set in towards the end of August. The fall aphid cycle however

did not begin until September 21. This coincided with the late succu-

lent growth in the alfalfa field at the Hyslop plots following the cool-

ing temperatures and increased precipitation of mid-September.

During the mid-summer period, between aphid cycles, it is

apparent from the data on coccinellid and nabid populations (Table 4),

that insect enemies as a whole are more active and abundant under

hot dry conditions than either the aphids or their parasites. Rock-

wood and Reeher (28) consider that alfalfa plays an important role

as a reservoir host plant of the pea aphid during this usually warm

dry period when annual legumes such as vetch are not available in

quantity, and as a source of winged aphids which infest fall sown

annual legumes.

The week of September 11-18 was characterized by the
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occurrence of the first substantial rain of the 1966 season and a

decline in temperature to an average for the week of 55°F. From

this time to the end of the 1966 season both moisture and tempera-

ture conditions favored a late succulent growth of alfalfa. In re-

sponse to this a considerable build-up of the pea aphid population

occurred altho other plant feeding were observed to decline. From

September 21 to September 28 there was a corresponding rapid in-

crease in the coccinellid population. The coccinellids reached a

high point of 30 per sweep on September 28 (Figure 4) giving a ratio

of coccinellids to aphids of approximately one to 40 at that date.

This ratio was much lower than that reached on July 4 during the

summer cycle, but the coccinellids responded much more promptly

to the increased aphid population at the start of the fall cycle than

they did at the start of the summer cycle. Probably this was the

result of immigration from nearby harvested crops. Nabids also

appeared to respond to the aphid increase (Table 4) altho not so

strongly as the coccinellids. The nabids, however, were already

present in substantial numbers before the fall aphid cycle began

and this suggests that they were not so dependent on the aphids as

are the coccinellids.

Anthocorids (Table 4), had been observed to occur in consider-

able numbers during the summer between July 4 and September 21,

but these had disappeared by the beginning of the fall aphid cycle.
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Lacewings ( Table 4), showed little cyclical variation during

the 1966 season at Hyslop. They were present in low numbers dur-

ing the latter half of the fall aphid cycle but were not sufficiently

numerous in the collections to justify separate enumeration; either

as adults or larvae or in the separate families of Chrysopidae or

Hemerobiidae. In general the adults of both families feed upon the

same insects, principally aphids, that serve as prey for the larvae

although their activities in this respect are not nearly so great.

No parasite 'mummies' were collected on September 28, so

that evidently the slight deceleration in the rate of increase of the

aphid population, as shown in Figure 5 was mainly due to predators.

The prompt build-up of coccinellids observed on September 28

was undoubtedly due to immigration, and as mentioned, probably

from harvested crops in the area. According to Clausen (7), it

would take approximately one month under favorable conditions for

the coccinellid population to respond to an increase in the aphid

population if such factors as coccinellid migration, and feeding on

prey other than aphids, are excluded. The peak of coccinellid abun-

dance shown at July 4 in the summer cycle occurred nearly one

month after the start of the aphid build-up on June 7 and this seems

to be the only period during the 1966 season where the aphid popula-

tion increase was directly related to the coccinellid increase.

The sudden increase of aphid abundance at the beginning of the
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fall cycle was also probably the result of immigration. However

the persistence of a high aphid population during the fall cycle seems

due to factors favoring 'in situ' multiplication, i.e. favorable weather

conditions, which encouraged both host plant and aphid. The preda-

tors showed a gradual decline, starting one week after the fall cycle

began, largely because of declining temperatures even though there

was an abundance of food. The coccinellids are known to migrate in

the fall to overwintering locations in mountain valleys and are not

active again until the following spring.

The first fall appearance of the parasite 'mummies' was not

observed until October 30, or well towards the end of the fall aphid

cycle. It is unlikely that the parasites had any considerable influence

on the aphid population and they were relatively less abundant in

relation to the aphids than they were during the spring cycle.

In the fall the predators were most in evidence at the beginning

of the cycle, whereas the parasites were at their maximum towards

the end of the cycle. This is the reverse of the situation during the

summer cycle when the predators lagged the parasites. However

both parasites and predators were of relatively little effect in the

fall cycle, largely because of temperature considerations, and no

interaction effect can be inferred.

Towards the end of the fall cycle the cooler temperatures

began to affect the aphid population. Humidity was favorable, but
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average daily temperatures between 450F and 550F with occasional

frost were not favorable to aphid development. Eichmann and

Webster (10) report that heavy driving rains are very destructive

to aphids, washing them bodily from the plants. This factor may

have had some influence at the start of the fall cycle decline towards

the end of October and undoubtedly played an important role in termi-

nating the fall cycle by the middle of November.

Discussion

Criteria of Aphid Damage

Plant Appearance. None of the alfalfa plantings infested by the

pea aphid and observed during the course of the 1966 season showed

any obvious evidence of damage by aphid feeding. Certainly there

was no build-up of aphid populations to a point where the term 'out-

break' as used by Rockwood and Reeher (29) could be applied. These

authors define the term 'outbreak' to mean,

. . . the occurrence of millions of aphids and observable
aphid damage in many fields. There are always some
aphids on these crops and they are sometimes abundant
enough to cause damage locally, but the term 'outbreak'
refers to damaging numbers over a wide area.

In further considering the question of what constitutes gross

observable damage by aphid feeding, Smith and Davis (37) state that

injury to alfalfa is distinctive and that a heavily infested spot may
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be discovered at a considerable distance.

The plants are short and bunchy, the tops light
green in color, and the lower leaves yellow or dead, the
general appearance from a distance being brownish. The
bare ground shows up from lack of covering and it is usu-
ally heavily besprinkled with whitish aphid skins or molts.

No plant conditions fitting the criteria of these authors was observed

in any of the alfalfa fields examined.

Sex Ratio of the Primary Parasites . Sex ratio of the primary

parasites may be an indirect indication of the severity of aphid infes-

tation. However there are several factors that influence the sex

ratio of the primary parasites in addition to host density. Some of

these as mentioned by Wiachowski (42), and Stary (40), are: the

number of eggs deposited by the female before mating, factors

affecting copulation, multiple mating of males, amount of sperm

in the spermatheca, and differences in the mortality of the sexes

during development. Nevertheless, experiments made by Wiachowski

(4Z) with A. smithi show that host density is an important influence

on sex ratio. He found that with a high population density of pea

aphids, the mated parasite female located her host aphids without

difficulty and quickly laid her eggs. Under these conditions of ex-

tremely easy access to the host aphids, rapidity of oviposition de-

creased the opportunity for union between sperm from the sperma-

theca and egg, hence the majority of eggs were unfertilized and

males predominated. Under conditions where host aphids were



57

somewhat less abundant but in sufficient quantity to allow oviposition

to take place on an average of once per minute, there was ample op-

portunity for union between sperm and egg. Larger numbers of

fertilized eggs resulted in predominance in the progeny of females.

A very low density of aphids had the effect of not allowing the newly

emerged parasites to mate promptly. Under these circumstances,

ovipositioning might take place befcrre mating, thus resulting in higher

ratios of male offspring as was the case where a very high density of

aphids existed.

From Table 3 it can be seen that sex ratios for the spring and

summer cycles show a considerable preponderance of females in

both the primary parasite species. In October, during the fall cycle

there was approximate equality in the sex ratios. This however, may

be a reflection of the fact that the sexes have a decreased opportunity

to meet because of such factors as lower densities and unfavorable

temperatures for flight.

Both evidence from observation of the host plants and from sex

ratios of the primary parasites suggest that aphid infestation was

never at a sufficiently high level during the 1966 season to be damag-

ing to the alfalfa.



W
 N

1-
C

O O 1- 1-
,

1-
+ O 1- I-

+ O 1-
+

0 U
 . 

1 0 LP

1-
`

C
.T

1

01 0 0

N 01 0 1- 1-
-

0 N

N 0
V

I

14
1L

O
f

W 0 0 N V C
A

) 0

0 r I-
.

I-
1 tD N N W rs a W t0

V 1- 1- 0 W 0 0 0 I-
, N N N 01 W 00 V 1-

-< P r C
O k0 N 1 0 "1 0.

1

I-
,

01 W tV W N C
l

O
l

N
.) V co

N ID pl
=

..

C
l

N 0) V N
.1

(.
13 0 vi W W al of 00 1- 00 00 k0

N
.1

41
.

tr
i N 00 00 W 0 C

O C
f

co f./
1

(.
13

W 1.
0

fD C
ri

41
.

V - 01 41
.

01 0 0 W 1- 0 W )-
&

(.
.x

)

sg
"

4 
'c

o' 0,
ro

C
rn

N
p-

s
V

 1
- 

w
 V

 w

03
4W

N
W

W
 N

w
 0

 ,-
-

C
l

C
l

C
l

N
.)

c.
n

0 
0

C
f 

C
l C

l
W

 V
.)

c.
n

D

N
.1

1-

V
 fJ

1

0 
V

 C
.1

1

1-
1-

C
f 0

1 
r 

0.
)

tO

1-
ts

.)

1 1-
-

A
. s

m
ith

i

A
. s

m
ith

i

T
ot

al
 A

. s
m

ith
i

A
. e

rv
i

A
. e

rv
i c

f

T
ot

al
 A

. e
rv

i

Pr
ao

n 
pe

qu
od

or
um

Pr
ao

n 
pe

qu
od

or
um

T
ot

al
 P

ra
on

pe
q.

T
ot

al
 r

ea
re

d
pr

im
ar

ie
s

L
. n

ig
er

L
. n

ig
er

 c
f

T
ot

al
 L

. n
ig

er

A
sa

ph
es

 s
p.

 y

A
sa

ph
es

 s
p.

 d
''

T
ot

al
 A

sa
ph

es
 s

p.

C
ha

ri
ps

 s
p.

C
ha

ri
ps

 s
p.

 o
"

T
ot

al
 C

ha
ri

ps
sp

.

T
ot

al
 H

yp
er

s

T
ot

al
 e

m
er

ge
d

pa
ra

si
te

s

T
ot

al
 f

ai
le

d 
to

em
er

ge
T

ot
al

 'm
um

m
ie

s'

8S

fD



V l
O

,4
=

.

C
.n V C
r!

C
O

C
h

4=
,

F- 1- C
h V N kD 4 O
l

0%

C
o 0 r.

.1
1.

C
FI tit oo 0 tO V

N
 I 0 N C

r)

0 al
- r C

T
I

N
J

N
J

N N 00 w 0

N V o V
7 

N

k.
O 0 IQ

N
J

- 
00

V
I

N
J

C
o W

 c
r, - 1- N

W
 0

0

N
 I

-,
4 

C
A

c.
n

C
ri

N
J 

N
J

0

V 1-
-

U
I tv V N N k.

0

N
J

I-
. l-

U
J

V
7

00 00 1-
L 0 O tv 1-

. 0 0 - 0

i-
+ 0 rs
.) i- W w 0 w I-

.

tJ
,

W N
J

n) 1-
.

O
J

N O
o

N
J
- 1.

.)

i-
(D '1
0

01 r
n

C
r
,

A
. s

m
ith

i

A
. s

m
ith

i c
f

T
ot

al
 A

. s
m

ith
i

A
. e

rv
i

A
. e

rv
i

T
ot

al
 A

. e
rv

i

Pr
ao

n 
pe

qu
od

or
um

Pr
ao

n 
pe

qu
od

or
um

T
ot

al
 P

ra
on

 p
eq

.

T
ot

al
 r

ea
re

d
pr

im
ar

ie
s

L
. n

ig
er

L
. n

ig
er

T
ot

al
 L

. n
ig

er

A
sa

ph
es

 s
p.

A
sa

ph
es

 s
p.

 0
-

T
ot

al
 A

sa
ph

es
 s

p.

C
ha

ri
ng

 s
o.

C
ha

ri
ps

 s
p:

 c
f

T
ot

al
 C

ha
ri

ps
 s

p.

T
ot

al
 H

yp
er

s

T
ot

al
 e

m
er

ge
d

pa
ra

si
te

s

T
ot

al
 f

ai
le

d 
to

em
er

ge

T
ot

al
 'm

um
m

ie
s'

6s



60

Table 4. Hyslop collections 1966 - aphid predators

1966
May 13 8

17 4
2

23 3 1 1

Jun 1 3

7 3

17 5

24 8 2

29 39 1

Jul 4 61 1 1

7 33 4
11 28

15 20 28 1

20 4 1 1

26 13 5 1

Aug 1 6 8 1

8 14 18 2

17 7 9
24 12 3 +
31 23 18 1 +

Sep 7 11 37
13 6 44
21 1 46
28 30 54

Oct 3

5 8 32
10

13 12 36 2

17

19 4 22
27

31 4 23 4
Nov 6 2 6 3

18 0 4

Lacewings = Families Chrysopidae and Hemerobiidae
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Role of Pathogens in Natural Control
during the 1966 Season

It might have been expected that towards the end of the fall cycle

fungus diseases of the pea aphid would make their appearance. How-

ever, only one diseased aphid was collected during the 1966 season

and this was on the final collection date of November 18. In contrast

to this, observations of the experimental plots of alfalfa at Klamath

Falls on August 21 revealed a very severe outbreak of fungus disease.

No living aphids were observed at this date, but large numbers of

diseased aphids showing a brown viscous appearance were found on

the undersides of the alfalfa leaves. The causal agent of this disease

was probably Entomophthora aphidis Thaxter but the pathogen could

not be identified with any degree of certainty to the species level.

It was also noticed that the parasite infestation on August 21

at the Klamath Falls plots was much heavier than any encountered

at any point in the Willamette Valley during the 1966 season. Eleven

'mummies' were counted on one alfalfa leaf in one instance and fre-

quently there were as many as three per leaf. Never more than one

'mummy' per leaf was noticed on any alfalfa plants observed in the

Willamette Valley during the 1966 season. The only comparable

rate of infestation of primary parasites which occurred locally, was

on vetch at Camp Adair on July 15 where there was frequent multiple
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infestation per leaf and also on the stems of the plants.

The appearance of fungus disease at the Klamath plots was

probably due to a combination of high density of the aphid population

as evidenced by the severity of the parasite infestation and a micro-

climate of high humidity resulting from the use of corrugate irriga-

tion.

Conclusion

This study of the physical and biological agencies which result-

ed in control of the pea aphid population at the Hyslop Farm plots

during the 1966 season, indicates the absence of any one outstanding

population density control factor. In contrast to this, the situation

at the Klamath Falls plots demonstrated the simultaneous occurrence

of a fungal epizootic and an unusually high incidence of parasite infes-

tation which practically eliminated the aphid population.

Temperature and humidity always play an important role both

by direct effect on the host plants, and on predators and parasites.

In contrast to biological factors, temperature and humdiity act more

promptly on the aphid population and independently of its density.

Biological factors, on the other hand, given suitable weather condi-

tions tend to be density dependent so far as the aphids are concerned.

It can be safely concluded that the introduced primary parasite

A. smithi is well established in the Willamette Valley and that it
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exercises a considerable degree of biological control. However its

influence was not predominant over that of other factors during the

1966 season at Hyslop. It was only during the summer cycle, and

apparently only in conjunction with predators, that they appeared

to have a controlling influence.

Of the insect predators, coccinellids and nabids were the most

important. However the combined effect of all predators must have

been considerable.

It should be mentioned that alfalfa varietal resistance is one

of the factors that may be of considerable importance in control of

the pea aphid population. Only two varieties were encountered in

the course of this study, Dupuits and Vernal. Dupuits was the variety

grown at the Hyslop Experimental plots and was also the variety

from which aphids and parasites were collected at other points in

the Willamette Valley. The plots at Klamath Falls consisted exclu-

sively of Vernal. An examination of a study of pea aphid reproduc-

tion on 30 alfalfa varieties by Halfhill (personal communication)

showed considerable differences in terms of progeny/day/female

ranging from 11.5 to 0.03. A substantial difference existed between

Vernal with 6.8 progeny/day/female and Dupuits with 2.1 and this

may largely account for the greater severity of the pea aphid infesta-

tion noticed at the Klamath Falls plots. Varietal resistance must

have been one of the factors which played an important role in



64

limiting aphid damage at Hyslop during the 1966 season.

Another factor which may be of importance in limiting the

extent of pea aphid outbreaks in the Willamette Valley is the absence

of an extensive legume monoculture in conjunction with alfalfa plant-

ings which may serve the purpose of a host plant reservoir. As

previously noted this situation does occur in the Blue Mountain pea-

alfalfa area.

The chief drawback to reliance on natural control of the pea

aphid by both predators and parasites is the ability of the aphids to

build up high populations at cooler temperatures and at higher humidi-

ties than are favorable to natural enemies. In addition to this, the

aphids also have the unique ability of being able to 'telescope' gener-

ations. These characteristics can often result in extensive crop

damage before the general equilibrium position can be restored.

It is not economically justifiable in western Oregon at the present

time to resort to a mass rearing and release of parasites. However,

the use of field cages might be feasible in some years, particularly

in conjunction with the use of Rockwood and Reeher, s suggestions on

forecasting outbreaks of the pea aphid on fall sown annual legumes.
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VII. THE HYPERPARASITES

General Considerations

Species of hyperparasites present were: Lygocerus niger

Howard, Ceraphronidae; Asaphes lucens Prov., Pteromalidae;

and Charips spp., Cynipidae.

As indicated in Table 3, Lygocerus niger was the only hyper-

parasite to occur at Hyslop in any considerable numbers during the

1966 season and made up over 90 percent of the total hyperparasite

population. The other two hyperparasite species were not present

in the collections made during the summer but appeared in small

numbers in October and November. Of these, 14 specimens of

Asaphes lucens were reared, comprising nine percent of the total

population collected. Only two specimens of Charips spp. were

reared.

Figure 5 shows trends in the natural populations of the crop

pest A. pisum, and of all primary parasites of the genus Aphidius

that were reared to emergence in the laboratory. A broken line has

been drawn to show the number of hyperparasites, predominantly

L. niger , as percent of the total number of reared parasites.

It was found by analysis of the data in Table 5 that for the

season as a whole, there exists a statistically verifiable relationship
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Table 5. Parasites reared from Hyslop collections, 1966, classified as primaries or Hyper-
parasites with % Hyperparasitism and host aphids.

1966 Primary Hyper- Total reared % Hyper- Aphids
parasites parasites parasites parasitism of

total reared
parasites

x y

May 13 9 0 9 266

17 3 0 3 140

23 6 5 11 45 270

June 1 6 7 13 53.8 697

7 6 0 6 100

17 31 0 31 394

24 86 13 99 13 2, 178

29 75 6 81 7.4 973

July 4 34 32 66 48.5 628

7 140 23 163 14. 1 1, 190

11 11 21 32 65.6 70
15 30 7 37 18.9 45

20 - - 6

26 1 0 1 14

Aug 1 6 0 6 10

8 3 0 3 27

17 0 0 0 5

24 0 0 0 14

31 0 0 0 21

Sept 6 0 0 0 39

13 0 0 0 27

21 0 0 0 53

28 0 0 0 1, 139

Oct 3 2 0 2 -
5 - - - 1, 817

10 3 0 3 -

13 8 2 10 20 1, 483

17 7 2 9 22 -
19 8 0 8 2, 021

27 11 13 24 54 -
31 18 4 22 18 637

Nov 6 - - 333

18 1 24 25 96 45

Totals 505 159 664

Percent Hyper-parasitism of total reared parasites 23.9%
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between the numbers of primary parasites and thenumbers of hyper-

parasites. The correlation coefficient r is calculated from the
(xy)2formula r = , where the primary parasite is denoted by

x, and the hyper parasite by the symbol y. From Table 3, Ex = 505,

and (x2) = 25,550.9566. Ey = 159, (y2 = 1,991.8261 and (xy) =
j (3 166.9131)2

3, 166. 9 1 3 1 . r = (505)2(159)2 = .4438. With 21 degrees of

freedom, this shows a correlation significant at the 5% level be-

tween the numbers of primary parasites and the numbers of hyper-

parasites.

Factors of. Importance in the Pea Aphid-
Aphidius-Lygocerus Relationship

A more complete understanding of the role of the hyperparasite

requires knowledge of the circumstances under which the hyperpara-

site may affect population trends of the primary parasites, and thus

indirectly the crop pest. This is primarily a function of the host

searching efficiency of the hyperparasite and is determined by the

following factors:

(1) Host searching behaviour and ovipositing characteristics

of the hyperparasite.

(2) Temperature, insofar as it affects the length of the larval

developmental period and consequently the length of time that the

primary parasite remains vulnerable to attack by its hyperparasite.
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(3) Population density of the crop pest relative to that of the

primary parasite.

Spencer (38), in describing the ovipositing activity of Lygocerus

on the larval Aphidius contained within the body of the aphid, gives

the following account:

In ovipositing the female searches over the aphid
community with her antennae, which are never still, until
one of the rounded inflated aphid skins containing an Aphidius
larva or pupa is found. Over and over this she crawls, in-
vestigating it thoroughly with quick, continuous, alternating
tapping of the two antennae. If apparently satisfactory the
female mounts the parasitized aphid, bends the tip of the
abdomen to touch it, and starts drilling in with the oviposi-
tor. When fully exerted the ovipositor is unsheathed until
its base at the middle ventral part of the abdomen is ex-
posed and the entire length of the apparatus is pushed into
the aphid skin. Differing with Aphidius again, where ovi-
positing is but the act of a second, Lygocerus consumes
several minutes, seemingly exercising great deliberation
and care in the process.

Haviland (17) states that the hyperparasite Lygocerus never

oviposits on Aphidius until just before metamorphosis. Prior to

this the host is still bathed in the body fluids of the aphid and is un-

suitable for the reception of the egg of Lygocerus. Thus Aphidius

may be attacked just before or just after entering the pupal stage

while lying within the empty skin of the aphid. At this particular

point in the life history of Aphidius the physical texture and appear-

ance of the host aphid skin changes and thus it may be readily dis-

cernible to Lygocerus by tactile activity, and to some extent visually

discernible.
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De Bach (9) describes the female Lygocerus, under circum-

stances where its prey is the larval Anharopus contained within the

body of the mealy-bug Pseudococcus, as probing the mealy-bug

with her ovipositor in a laborious operation that may take ten or 15

minutes. When there are many Pseudococcus , and relatively small

numbers of Anharopus even though they may be present in numbers

large enough to constitute an abundant food supply for the hyperpara-

sites, only a very small proportion of the mealy-bugs contain

Anharopus and consequently any individual's chances of escaping

the hyperparasite are good.

Temperature in its effect on the development times of the

primary parasite Aphidius may have some bearing on the interpre-

tation of population trends in the pea-aphid-Aphidius-Lygocerus rela-

tionship and on the role of the hyperparasite Lygocerus. During

present studies, it was found that in the growth chamber at a 12

hour daylight temperature of 70°F alternating with a temperature

of 580F in darkness, and at a relative humidity averaging 79%, the

development time from oviposition to 'mummy' occupied approxi-

mately eight days. This applied to both A. smithi and A. ervi

specimens collected at the Hyslop Experimental Farm. The period

from 'mummification' to emergence averaged seven to nine days.

The length of this stage was affected by temperature and therefore

at lower temperatures Aphidius was vulnerable for a longer time.
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Under the above described conditions the total length of time from

oviposition to adult was approximately 16 days.

Mac Gill (19), reports the whole process of development of

Aphidius avenae on Macro siphon urticae from oviposition to imago

as taking about Z8 days, but gave no data on conditions under which

this took place.

According to Start'' (40), the most favorable temperature range

for the development of Aphidius megourae lies between 81°F and

88°F, At this temperature range, development from oviposition to

'mummy' takes place in five days, while total development time

from ovisposition to adult emergence occupies a period of ten days.

At 70°F the development times of A. megourae are quite comparable

to those obtained for A. smithi and A. pulcher in the growth chamber

during the course of present studies. Starts data for A. megourae

were eight days from oviposition to 'mummy' and 14 days from ovi-

position to emergence. Starr s data also shows that above a tem-

perature of 93 °F, A. megourae does not complete its development,

and that at a temperature of 50°F the period from 'mummification'

to emergence lasts 17 days, making a total development period of

45 days.

In discussing the development time of the hyperparasite

Lygocerus niger, Spencer (38) reports that incubation time of the

egg is approximately one day. The first and second instars each
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last about 24 hours. The third larval stage averages about one and

one half days. The pupal stage was found to last from six to eight

days. Thus, a generation of L. niger was produced in 11 days, the

average time being about 12 days with a few individuals taking 14 to

16 days before emerging. The total development time of L. niger

thus appears approximately the same as that of Aphidius but tends

to lag Aphidius seasonally by about one week.

Haviland (17), in her studies of the biology of Lygocerus spp.

(L. cameroni Kieffer, and L. testaceimanus Kieffer), reports that

larval development lasts about six days and pupation a further period

of two weeks. This is a total development time of approximately

three weeks, somewhat longer than that reported by Spencer for

Lygocerus niger.

Neither Spencer nor Haviland discuss the effect of temperature

on the development times of Lygocerus. The probability is that the

development times are approximately the same as those of the pri-

mary parasite.

The population density of the crop pest in relation to that of

the primary parasite appears to be an important factor in determin-

ing the effectiveness of the hyperparasite in controlling the primary

parasites and thus encouraging the crop pest species.

This effect, first described by De Bach (9) for the F seudo coccus-

Anharopus-Lygocerus complex on citrus, appears to be comparable
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to that observed during the present study in the pea-aphid-Aphidius-

Lygocerus complex at Hyslop. With reference to this latter complex,

it suggests that given a supply of primary parasites sufficient to

allow multiplication of the hyperparasite, the actual multiplication

of the hyperparasite will depend on how readily available the pri-

mary parasite is to the hyperparasite. A given population of pri-

mary parasites occurring in a low density of pea aphids can be

more readily parasitized than the same population occurring in a

higher density population of pea aphids because of the increased host

searching difficulties of the hyperparasite. Accordingly, a situation

may occur when the hyperparasite Lygocerus presses more heavily

on the primary parasite when the the latter is relatively scarce but

more easily accessible to the hyperparasite because of a low density

of the pea aphid.

The Role of Lygocerus niger in the Pea Aphid-
Aphidius-Lygocerus Complex at the Hyslop

Experimental Agronomy Farm

The primary parasites were generally present in the field at

Hyslop Farm from the beginning of May to the middle of August

(Figure 6). However, from mid-August to the end of September

they were not in evidence. From the end of September through mid-

November they were again present although in substantially smaller

numbers. Their occurrence was in close relation to favorable
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temperatures and aphid abundance.

There were three well-defined cycles of Lygocerus infestation

of the primary parasite Aphidius at Hyslop during the 1966 season

roughly coinciding with those of the primary parasites and their host

aphids. The spring cycle is shown as lasting from May 17 to June 7.

Figure 6 suggests that prior to May 17, the primary parasite was

active at a lower temperature than the hyperparasite Lygocerus.

Additional collections made during the spring of 1967 appear to

confirm this. During the period May 17, 1977 to June 7, 1966,

Lygocerus is shown as pressing heavily on Aphidius, the percentage

infestation reaching a peak of 53.8% on June 1 (Figure 5). This

occurred during the high point of the spring aphid cycle. Under such

circumstances it would be expected that the hyperparasite would

have trouble in finding aphids infested by the primary parasite when

the latter is at the critical stage for oviposition by the hyperparasite.

Insofar as the spring cycle is concerned this apparently was not the

case. The most likely reason for the high rate, of hyperparasite

infestation, in spite of a comparatively dense aphid population,

appears to be a high overwintering population of the hyperparasite.

Some support for this conclusion is indicated from the extremely

high rate of hyperparasite infestation found at the end of the 1966

fall cycle. It is doubtful that the effect of lower average daily tem-

peratures in prolonging the vulnerable period of the primary
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parasite was a significant factor. The average daily temperature

between May 13 and May 18 was about ten degrees lower than pre-

vailing daily temperatures during the summer cycle and is probably

insufficient in itself to account for the high rate of infestation during

the spring cycle.

The population trend of the hyperparasite Lygocerus is shown

in Figure 6 as increasing at a rate greater than that of Aphidius from

May 17 to June 1 and thus exercising an undesirable controlling influ-

ence on the primary parasite at a time when the latter would be use-

ful in controlling the aphid population. However, it is doubtful

whether this made a great deal of difference since during that time

temperature would be the most important factor operating in favor

of the aphids as against Aphidius.

From an economic point of view, the most important aphid

cycle was that of the summer cycle which showed two major peaks

occurring between June 7 and the first part of August (Figure 5).

This was also the period when the Aphidius population was at its

seasonal maximum and exerting the greatest degree of effectiveness

as a biological control agent of the pea aphid. This second cycle of

the hyperparasite infestation of Aphidius at Hyslop Experimental

Farm during the 1966 season also shows two distinct peaks (Figure 6).

One of these occurred on June 24 and coincided with one of the two

major peaks of the primary parasite. At this point the parasitism
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of Aphidius by Lygocerus reached 13%. From June 24 to June 29

the pea aphid population underwent a sharp decline and this was par-

alleled by a rather moderate decline of the primary parasite popula-

tion. Hyperparasite population also declined, and by June 29 showed

an infestation rate of 7.4%. At this point it is evident that the pres-

sure of the hyperparasite Lygocerus on Aphidius was decreasing.

The primary parasite populations continued to decline from June 29

to July 4, but at the same time the hyperparasite rapidly increased,

and by July 4 there was a 48.5% infestation. At this point the hyper-

parasite showed a tendency to press heavily on Aphidius , while this

primary parasite was relatively scarce. It should be noted that the

pea aphid population trend on July 4 (Figure 4) had declined to a low

point, following the first major peak of the summer cycle. This

situation is analogous to that found by DeBach (9 ), since the hyper-

parasite Lygocerus pressed more heavily on Aphidius while this

primary parasite was at a low population density but more readily

accessible in a relatively low aphid population.

From June 29 to July 4 the hyperparasite Lygocerus showed the

greatest rate of increase of any time during the 1966 season. The

phase of decline following the high point of Lygocerus infestation on

July 4, lasted until July 26. On July 7, the hyperparasite infesta-

tion dropped to 14. 1 %, coinciding with the second major peak of the

summer cycle of both the primary parasite and the pea aphid.
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Between July 7 and July 11 the numbers of Lygocerus declined more

slowly. During the same period, however, there was also a sharp

drop in the populations of both the pea aphid and its primary parasite.

The situation on July 11 consequently showed a very high percentage

infestation by the hyperparasite Lygocerus. This was the highest

infestation level of the summer cycle (65. 6%), and again this showed

the hyperparasite pressing more heavily on the primary parasite

when Aphidius was not abundant but was more readily accessible

in a low density host aphid population. The temperature at this

time averaged about 65°F, thus indicating a shortening of the period

of vulnerability to the hyperparasite Lygocerus by the primary para-

site. The major factor accounting for the high percentage of hyper-

parasitism was apparently the ease of finding Aphidius in a low popu-

lation density of host pea aphids. Even though the population of

Lygocerus was dropping from July 7 to July 11, it reflected an in-

creased efficiency because of lower host aphid densities.

The fall cycle of the primary parasite Aphidius covered the

period from September 28 to November 18, the first primaries being

taken on October 3. This primary parasite cycle was far below that

of the summer both in duration and amplitude, alth.o it exceeded the

spring cycle in both respects. It did, however, take place within

the context of what appeared to be the most substantial pea aphid

build-up of the entire 1966 season at Hyslop (Figure 5). The first
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hyperparasite infestation was not observed until October 13, i. e

the hyperparasite did not show up in the collected primary parasite

material until nearly two weeks after the primaries were first ob-

served. The mean daily temperature over the period from October 3

to October 13 was approximately 50°F. Whereas the lag in appear-

ance of the hyperparasite Lygocerus during the spring cycle may be

attributed to the probability that the primary parasite Aphidius was

active at a lower temperature than the hyperparasite Lygocerus,

this was not a factor in the fall cycle. The lag apparently resulted

from the non-availability of the primary parasite during a high popu-

lation density of pea aphids.

The fall cycle had some of the characteristics of both the

spring and summer cycles. As in the spring cycle, average daily

temperatures were low enough to favor a longer period of primary

parasite vulnerability to ovipositioning. Secondly, an examination

of the peaks of percentage infestation again suggested that the hyper-

parasite pressed more heavily on the primary parasite becuase the

factor of primary parasite accessibility proved to be of more signifi-

cance than its abundance, as in the summer cycle. There were three

of these peaks of percentage infestation occurring within the fall

build-up of the pea aphid population.

A minor drop in the aphid population trend is recorded on

October 13 (Figure 5). This decrease is paralleled by an infestation
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of Lygocerus on Aphidius of approximately 20% occurring between

October 13 and October 17.

Also in the fall cycle, a second major peak of hyperparasite

infestation, 54%, was shown as occurring on October 27. This oc-

curred at a time when aphid numbers were about half way through

their final decline of the 1966 season.

The third peak of hyperparasite infestation occurred at the

time recordings at the Hyslop Experimental Farm were concluded on

November 18. At this time the percentage infestation of the primary

parasite by Lygocerus reached its highest point, 96%, for the entire

1966 season. The fall aphid cycle had practically ended and only a

very low population was present in the field.

In summary, the fall cycle of 1966 was characterized by:

(1) An abundance of aphids.

(2) The presence of the primary parasites in much smaller

numbers than in the summer cycle but in greater numbers than in

the spring cycle.

(3) A considerably greater pressure by the hyperparasite

Lygocerus on the primary parasite Aphidius, and this occurred in

the form of three successively increasing percentage peaks.

Both temperature and relative population densities were of

increasing importance during the fall cycle in favor of the hyper-

parasite Lygocerus. In the first peak of October 13-17 temperature
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is probably the most important influence since the decline in the pea

aphid population from its previous high of October 5 was relatively

slight.

The second peak of the fall cycle appears to show the reverse

of this. Here the average daily temperature, Figure 6, ranged about

8°F higher during the week preceding October 27 and this probably

had the effect of accelerating primary parasite development. At the

same time there occurred a sharp drop in the aphid population, as

much as 52% from the fall high point thus making the primary para-

site more accessible to the hyperparasite even though it was scarcer

in absolute numbers.

In the final peak of the fall cycle, the temperature had dropped

to a little below 50°F and the aphid population approached the end of

its cycle. Insofar as the vulnerability of the primary parasite to the

hyperparasite was concerned, both the factors of aphid population

density, and temperature as it affected the time of development of

the primary parasite, were operating at their maximum effect, and

the hyperparasite infestation of the primary parasite Aphidius ap-

proached 100%.

It seems evident, as before noted, that in both the spring and

fall aphid cycles at the Hyslop Experimental Farm, the primary

parasite is of little importance as a biological control agent of the

pea aphid. The hyperparasite plays the role of diminishing the
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effectiveness of the primary parasite even further, particularly in

the fall cycle.
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VIII. SUMMARY AND CONCLUSIONS

Criginal releases of imported primary parasites in the Willam-

ette Valley were made in 1961 at two locations: Hyslop Agronomy

Farm, and an alfalfa field near Dayton. At Dayton, 35 specimens of

A. smithi were released on May 11, 1961, and 887 on June 7 of the

same year. At Hyslop, releases on April 26, 1961 included 175 spe-

cimens of Aphidius sp. from France subsequently identified as

A. avenae and as A. urticae (= A. ervi ervi); 198 specimens of A.

pisivorus (= A. ervi pulcher 'eastern strain'); and 120 specimens of

Aphidius sp. from France subsequently identified as A. ervi.

The results of collections made during the summer of 1966 at

Hyslop showed that A. smithi had become by far the dominant para-

site at Hyslop. Aphidius ervi ervi was also established but only

accounted for slightly over 5. 5% of the primary parasites. Native

primary parasites were negligible in numbers and probably did not

influence pea aphid populations. Collections made from several

other locations in the Willamette Valley indicated beyond question

that A. smithi was the predominant primary parasite species.

The most liekly point of origin of A. smithi in the Willamette

Valley appears to have been the original release site at Dayton, a

distance approximately 30 miles north of the Hyslop Agronomy Farm.

It is quite possible, however, that it may have spread earlier
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releases made in the Columbia Basin of Washington or from eastern

Oregon. The point of origin of the Klamath Falls A. smithi popula-

tions is more likely to have been from northern California where

extensive releases were made. The mountain barrier between

Klamath Falls and the Willamette Valley would likely be a major

obstacle to successful northward migration.

It can at least be said that A. smithi is successful in regulating

he aphid population density at a lower average level than would have

occurred if it had not been introduced, and the same is probably true

if A. ervi ervi alone had been introduced. Both of these natural

enemies are more highly specific on the pea aphid than are the na-

tive parasites. The situation, as it has developed at Hyslop Farm

over the last half dozen years, appears to be one of competitive

displacement of one introduced species by the other, but both A.

smithi and A. ervi ervi may be said to be good natural enemies of

the pea aphid.

In view of the chaotic systematic status of the Aphidius para-

sites as it existed at the beginning of this study, it would have been

more convenient if importation and release of these foreign parasites

could have been delayed. It would also have been more convenient

if importations could have been delayed pending a study of the exist-

ing pea aphid-natural enemy complex. However, from the point of

view of practical biological control as opposed to that of taxonomy
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and systematics, the purposive delaying of importations can result

in substantial economic losses.

Consideration of the total aphid-parasite-predator complex as

it existed at the Hyslop Experimental Farm during the summer of

1966 indicated the absence of any one outstanding control factor oper-

ating on the pea aphid populations, even though the primary parasites

were well established.

On the whole this situation can be considered desirable. It is

not unreasonable to suggest that the overwhelming predominance of

any one of the agents of biological control could lead to the same

'pest flareback' effects as has resulted from the indiscriminate use

of insecticides. The successful establishment of the foreign para-

sites contributed an additional stabilizing element to the ecosystem

and one that is superior in its host searching efficacy to predators.

There was an absence of heavy pressure by hyperparasites

until the end of the fall cycle at which time it had little importance.

It appears however, although no particular effort was made to investi-

gate the matter, that native hyperparasites will attack imported pri-

maries just as readily as they will the native parasites.

Since it became apparent that the introduction of the foreign

parasites, particularly A. smithi, has been so successful, consid-

erable work has been done in investigating the more active methods

of biological control such as mass rearing and release and the use
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of field cages. Further possibilities may exist in developing inte-

grated control methods involving coordination of pesticides and para-

sites.

A recent publication by Mackauer,
1 received after the final

draft of this thesis was written, necessitates some modification of

conclusions regarding the systematic position of the primary para-

sites belonging to the genus Aphidius. Conclusions regarding the

systematic position of these parasites has been reached as a result

of experiment, observation, and examination of the literature, includ-

ing Mackauer's earlier publications. These have been set forth in

Figure 2 of this thesis. It is again substantiated by Mackauer, that

A. smithi Sharma and Rao, is a distinct and separate species of the

genus. Aphidius ervi Hal. is likewise a distinct and separate spe-

cies of the same genus. Aphidius pulcher Baker is given the rank

of a geographic subspecies of A. ervi by Mackauer from studies

based on a comparison of the behaviour patterns displayed during

courtship and copulation.

So far as amendments of this thesis are concerned, the desig-

nation A. ervi ervi Hal. should be changed to A. ervi Hal. The

1 Mackauer, Manfred. Sexual behaviour of and hybridization
between three species of Aphidius Nees parasitic on the pea aphid
Hymenoptera:Aphidiidae). Proc. Ent. Soc. Wash., 71(3):339-351.
September 1969.
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designation A. ervi pulcher Baker as a subspecies of A. ervi re-

mains unchanged. The possibility that there are two geographic

'strains' of pulcher, as shown in Figure 2, was not suggested by

Mackauer.
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APPENDIX I PARASITES

Description of the species Aphidius smithi
Sharma and Subba Rao (33)

"Female. - Total length, excluding antenna, 2.80-
2.90 mm. Head viewed from above transverse, 0.52-0.53
mm. broad, 0.30-0.32 mm. long. Viewed from front
broader than long; facial line 0.42-0.46 mm. , clypeoan-
tennal line 0.14-0.16 mm. ; interocular line 0.30-0.35
mm., transfacial line 0.20-0.25 mm. Antennae 20 or 21
segmented, first flagellar segment 0.112-0.114 mm.,
second flagellar segment 0.125-0.162 mm.; total length
of the antenna 2.30-2.36 mm. Maxillary palpus 4 segment-
ed, labial palpus 3 segmented; second segment of maxillary
palpus distally broadened.

Thorax smooth 0.70-0.71 mm. wide at tegulae,
notaulices slightly indicated at the anterior angles of the
mesonotum; carinae of the propodeum distinct and com-
plete, forming a small areola. Fore-wing with an elong-
ate disco-cubital cell, cubital cross vein incomplete; stig-
ma 0.50-0.575 mm. long, 0.10-0.125 mm. broad; meta-
carpus 0.30-0.35 mm., first abscissa of radius 0.20-0.25
mm. ; second abscissa of radius 0.175-0.190 mm., cubital
cross vein 0.112-0.125 mm. ; hind wing without a complete
cell. Total length of the thorax 0.84-0.90 mm.

Abdomen elongate; petiole 0.34-0.37 mm. long, width
at spiracles 0.10.

Female genitalia as illustrated; ovipositor sheathe
(3VL) blunt, slightly protruding from the apex of the ab-
domen. First valvula (1 VL) elongate, acutely pointed,
second valvula (2 VL) slightly dilated a little anteriorly
from the distal apex; anterior prong of the second valvula
(AP) acutely pointed, first valvifer (1 VLF) dorsally ex-
panded considerably. Total length of the abdomen 1. 66-
1.69 mm.

Coloration head piceous, face and mouth parts
testaceous; scape and annulus yellowish, pedicel and flag-
ellar segments piceous; thorax brownish-yellow, propod-
eum deep brown; petiole yellowish, rest of abdomen deep-
brown on the dorsum except for three narrow brownish-
yellow bands; legs yellowish except for the tarsi which
are deep brown, the first tarsal segment only partly deep
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brown. In certain specimens the pro- and the meso-
thorax are more brownish than in others.

Male. - Total length 2.32-2.35 mm. head viewed from
top transverse 0.26-0.27 Lim. long, 0.54-0.55 mm. broad.
Antenna 23 or 24 segmented (2 males out of 6 had 24 seg-
mented antennae; the rest had 23 segmented); first flagellar
segment 0.125-0.138 mm. long, second 0.150-0.155 mm.
long), length of antenna 2.60-2.70 mm. Thorax 0.60-0.62
mm. broad at the tegulae. Stigma 0.51-0.54 mm. long,
0.10-0.125 mm. broad; first abscissa of the radius 0.235-
O. 250 mm.; second abscissa 0.170-0.180 mm.; meta-
carpus 0.300-0.375 mm; cubital cross vein 0.100-0.113
mm. Abdomen 1.24-1.30 mm. long.

Male genitalia consist of a median penis (P); paired
penis-valves (PV), each with its apodeme (APS); a pair of
volsellae (V) laterad to the penis; a pair of gonoforceps or
parameres (PMR) laterad to the volsellae and a narrow,
weakly sclerotised basal ring (BR). Each volsella distally
bears a small inner sclerite the digitus (D) while the por-
tion laterad to it is the cuspis (C).

Colouration. - Head piceous, face and mouth parts
testaceous, yellow; scape and annulus brownish yellow
(not so clear light yellow as in the female), pedicel and
flagellar segments piceous; metathorax light brown, pro-
and meso-thorax deep brown; propodeum dark brown;
petiole yellow followed by a brown patch and then a yellow
patch on the dorsum of the abdomen, posterior part of the
abdomen completely brownish yellow on the dorsum; legs
yellow except tarsi, first tarsal segment partly and rest
completely brownish. In certain specimens, pro- and
meso-thorax are more brownish than in others. "

Sharma and Rao further state that the terminology used in their

description of the genitalia was based on works by Michener and

Differs slightly from that used by Snodgrass. They further describe

A. smithi as follows:

"Types. - Described from a holotype y (20 seg-
mented antenna) and an allotype d (23 segmented antenna);
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paratypes (4 with 20 segmented antenna and 2 with 21
segmented antenna), and 5 cfo (2 with 24 segmented and 3
with 23 segmented antennae).

Types in the National PUSA collection of the Divi-
sion of Entomology, I. A. R. I. , New Delhi.

Type Locality - Kalka, Punjab

Host - Acyrthosiphon (Macrosiphum)'pisi Ka lt

Host Plant The garden pea, Lathyrus odoratus Linn.
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APPENDIX I

Description of the species Aphidius pisivorus Smith.
A. ervi pulcher Baker)

"Female. - Length 2.5-3. Head smooth and shiny;
width, .55 -. 69; facial line .40-.44; clypeoantennal line
. 16-.20; interocular line .34-.40; transfacial line .22-
. 30. Antennae with 18 to 20 segments, typically 19 seg-
mented, of 84 females representing 21 collections in Utah,
Washington, and Ohio, 12 had 18, 67 had 19, and 5 had 20
segments in the antennae; first flagellar segment .13-, 21;
second flagellar .13-.19"

"Thorax smooth; width at tegulae .42 -. 56; notaulices
present on the anterior angles of the mesonotum; propode-
um with complete carinae and an areola. Length of stigma
. 55-.69; width .11-.15, metacarpus .47-55, first abscissa
of radius .21-.31, second abscissa .18-.26, cubital cross-
vein . 08-10. "

"Abdomen smooth, shiny; petiole length .37-.50,
width at spiracles .12."

"Head black, except the face below the antennae,
lower part of cheeks and mouth parts which are yellowish;
scape yellowish, occasionally dusky brown above; pedicel
testaceous, occasionally yellowish below; an annulus be-
tween the pedicel and first flagellar segment yellowish;
flagellum dark ferruginous to black. Prothorax yellowish,
occasionally tinged with reddish-brown; mesopleura and
propodeum dark ferruginous to piceous; remaining portions
of thorax black. Wings hyaline, veins and stigma brownish.
Legs yellowish. Abdomen ferruginous to piceous except
the petiole which is yellowish to testaceous. Ovipositor
sheath black."

"Male. - Antennae 20 to 22 segmented, of 43 males
examined 4 had 20, 21 had 21, and 18 had 22 segments in
the antennae. Scape and pedicel testaceous; face testace-
ous to piceous; prothorax testaceous to piceous; legs yellow
tinged with brown. Otherwise similar to the female,"

"Types: Holotype and allotype in the United States
National Museum. Paratypes in the U. S. N.M., Utah
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State Agr. Exp. Sta., The Ohio State University and the
writer' s collection. "

"Type locality: Logan, Utah."

"Collections: Described from a large series of
specimens reared from the pea aphid, Macro siphum pisi
(Ka lt), in Utah at Logan, College Ward, Corinne, Eden,
Garland, Huntsville, Hyde Park, Hyrum, Mapleton, North
Ogden, Plain City, Providence, Salina, Smithfield and
Springvelle during the summers of 1937 and 1938 (Knowlton:
Smith: Harmston)."
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APPENDIX II PREDATORS

A record of the common aphid predators collected at Hyslop

Experimental Farm is given in Table 4, and their components are

listed as follows:

1. Coccinellidae (Order Coleoptera): Aphid feeding species were

represented by the genera Hippodamia and Coccinella . H. convergens

Guer. was the most abundant species taken at Hyslop Experimental

Farm but occasionally other species of Hippodamia were found.

These were probably H. quinquesignata (Kby. ) and H. quindecim-

maculata Muls. Representatives of the genus Coccinella included

C. novemnotata Herbst. C. californica Mann, and occasionally C.

transversoguttata Fa ld.

Z. Nabidae (Order Hemiptera): Two species of the family Nabidae

commonly encountered were - Nabis alternatus Parsh. and Nabis

rufusculus Renter. Determination of these was made by Dr. J. D.

Lattin of the OSU Department of Entomology.

3. Chrysopidae and Hemerobiidae, Lacew;ngs' (Order Neurop-

tera): Table 4 includes all larvae and adults of both families. The

most common representatives of the Chrysopidae were Chrysopa

plorabunda Fitch and Chrysopa californica Coq., however the latter

may be a subspecies of C. plorabunda. Of the Hemerobiidae,

Hemerobius pacificus Burks was the most common at Hyslop.
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4. Raphidiidae (Order Neuroptera): Agulla adnixa Hagen was the

only species collected.

5. Anthocoridae (Order Hemiptera): Orius minutus (Linnaeus).

No numerical record was kept of this species but nymphs and adults

were abundant at Hyslop during July and August. Orius minutus is

a potential predator of any soft bodied insect.

The larvae of Syrphidae are important aphid predators but altho

an occasional adult was seen, no larvae of this family were collected

at Hyslop during the 1966 season.


