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We plan to rear the species in our laboratory later
to assess its impact upon other species of parasites.
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Frequency of Hessian Fly, Mayetiola destructor,1 Races in Field Populations2'3

J. H. HATCHETT AND R. L. GALLUN1

Entomology Research Division, Agricultural Research Service, USDA, and
Department of Entomology, Purdue University, Lafayette, Indiana 47907

ABSTRACT

Five races of Mayetiola destructor (Say) collected in
19 localities in 5 States had varying ability to survive
on wheat cultivars: Vermillion (a soft wheat in which
the source of resistance has not been identified), Monon
with the H3 gene, and Knox 62 with the Ho gene.
Race B, which is capable of infesting Vermillion and
cultivars having the Ha gene, has replaced Race A as
the predominant race in Indiana. This major change
appears to be associated with the wide-spread use of
resistant cultivars since 1955. Race D, a highly virulent
race capable of infesting Vermillion and cultivars having

either the H3 or the Ho genes, also was discovered
in Indiana wheat fields for the first time.

Race A was the predominant race in other eastern
fields where soft wheat is grown and where the acreage
of resistant cultivars is low. In these fields, Race B and
Race C (capable of infesting Vermillion and cultivars
having the Ho gene) were seldom found.

In the hard-wheat region of Kansas, the Great Plains
race that cannot live on any resistant cultivars pre-
dominated in 2 populations; few members of Race A
occurred and Races B, C, and D were not found.

Genetic variability in the Hessian fly, Mayetiola
destructor (Say), is recognized and is described as
biological race. Painter (1930) and Painter et al.
(1931) found 2 geographical strains in Kansas: the
first, a western (or Great Plains) strain in central
and western Kansas where hard wheat was grown,
and the second, an eastern strain in areas where
soft wheat was grown. These strains differed in their
ability to infest specific wheat cultivars. Generally,
soft-wheat cultivars that were resistant to the western
strain were susceptible to the eastern strain.

After the discovery of the H 3 resistant gene in the
spring wheat W38 (Caldwell et al. 1946) and the H 6

resistant gene in the durum wheat PI 94587 (Allen
et al. 1959), Gallun et al. (1961) selected and devel-
oped 4 races of Hessian flies from an Indiana popula-
tion. These races differed in their ability to infest

1 Diptera: Cecidomyiidae.2 Based on a portion of investigations by the senior author to
be used in partial fulfillment of the requirements for the degree of
Doctor of Philosophy under the direction of Prof. W. J. Fischang.3 Purdue University Agricultural Experiment Station Journal
Paper no. 3296. Accepted for publication February 16, 1968.4 The authors thank H. W. Somsen, Entomology Research Di-
vision, USDA, Manhattan, Kans., who provided samples of the
Hessian fly populations in Missouri and Kansas.

resistant cultivars that had the H3 or H(i genes and
cultivars with no resistant genes, and were designated
Races A, B, C, and D. Thus, 5 races of Hessian flies
(including the Great Plains strain) are recognized,
and these are described in Table 1. They differ in
their ability to infest wheats having different resistant
genes.

Eight States now include the development of Hes-
sian fly-resistant cultivars of wheat in their crop-
improvement programs. As a result, 23 resistant cul-
tivars have been released for use. In Indiana alone, 7
resistant cultivars are grown on 83% of the wheat
acreage (Caldwell et al. 1965); 5 have the H3 resist-
ant gene and 2 the HG gene in their parentage. Ac-
cording to our surveys (unpublished data), these cul-
tivars have been successful in suppressing populations
of Hessian flies; nevertheless, small numbers of flies
are still found infesting resistant cultivars, presumably
because the selective pressure of the resistant wheats
has produced a change in the frequency of the races
that favor those that are more virulent.

The purpose of our study was 2-fold: (1) to deter-
mine the races of Hessian flies present in field popu-
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Table 1.—Reactions of wheat cultivars to 5 races of natural light green color and continued to produce
Hessian flies.* n e w leaves.

Wheat cultivar (and genes for resistance)

Race of
Hessian flies

Turkey
(none)

Ver-
million1'

Monon
(H.)

Knox 2
(H.)

Great Plains
A
B
C
D

S

ss
s
s

R
S
S

s
s

R
R
S
R
S

R
R
R
S

s
• S = susceptible, R = resistant.
h Actual gene(s) for resistance to Great Plains race unknown.

lations; and (2) to estimate the frequency of the races
in different wheat-growing regions.

METHODS

Hessian flies collected in 19 localities in 5 States
were analyzed for their racial composition. Two
methods were used in sampling: (1) Indiana samples
were collected from infested plants growing in wheat
plots sown in stubble fields of both nonresistant culti-
vars and cultivars having the H3 resistant gene; and
(2) samples from Tennessee, Michigan, Missouri,
and Kansas were collected directly from infested non-
resistant volunteer wheat plants growing in stubble
fields.

Infested plants containing overwintering puparia
were brought into the greenhouse. Each sample was
increased 1 generation by caging the emerging adults
on nonresistant wheat plants grown in standard green-
house flats. As adult flies emerged from the green-
house-infested plants, the racial identity of females
was determined by their progenies' ability to infest 4
differential wheat cultivars. The cultivars were: Tur-
key (having no resistance to any race) ; Vermillion
(no resistance to Races A-D but resistant to the
Great Plains race) ; Monon (II3 resistant gene) ; and
Knox 62 (II,. resistant gene).

The procedure used for determining progeny pheno-
type was the. same as that described by Gallun et al.
(1%1). Four-in. plastic pots were filled with soil and
a 4-section divider was placed on top of the soil. Each
of the 4 sections was seeded to a single differential
cultivar. The location of each cultivar was standard-
ized and marked. About 20 seeds were planted in
each section. When the seedlings reached the 2-leaf
stage, they were thinned to about 10/cultivar and a
cheesecloth tent was placed over each pot. Individual
gravid females were placed under each tent and were
allowed to oviposit for 2 days; then the tent was re-
moved and the plants were examined for eggs. When
relatively few eggs were laid on plants of any cul-
tivar, the pot was discarded. Finally, after eggs had
hatched and larvae had fed for about 15 days, the
phenotype of the progeny was recorded. Phenotypes
were determined by observing the reaction of each
cultivar to larval feeding. Leaves of susceptible plants
turned dark green, and the plant stopped growing
while in the 2-leaf stage. Resistant plants kept their

RESULTS AND DISCUSSION

Larvae of Great Plains females developed only on
Turkey; larvae of Race A females developed only on
Turkey and Vermillion; larvae of Race B females
developed on Turkey, Vermillion, and Monon; larvae
of Race C females developed on Turkey, Vermillion,
and Knox 62, and larvae of Race D females developed
on all cultivars.

Table 2 shows the frequency (percentage) of each
race of Hessian flies in the populations samples. Ob-
viously, distinct geographical populations differ in
their ability to infest wheat. In the 2 western Kansas
counties, the Great Plains race was predominant;
Race A occurred rarely. Thus, since Race A sur-
vives on the same cultivars of wheat as the Great
Plains race, it must have some selective advantage
over Race A in western Kansas. In discussing the
possible origin of Hessian fly races in Kansas, Painter
et al. (1931) suggested that the strain of fly (Great
Plains race) in the hard-wheat region may be better
adapted to the drier conditions of central and western
Kansas than the eastern strain (Race A). It is pos-
sible, therefore, that genes controlling ecological adap-
tive characters may be linked to genes controlling the
ability to infest specific wheat cultivars. Hamilton
(1966) compared the effect, on larvae of 2 strains of
Hessian flies, of simulated weather conditions. He
found that larvae of flies collected from western Ne-
braska were significantly more resistant to high wind
velocity, low humidity, and low temperatures than
larvae of adults originating from northeastern Kansas
(Marshall County). Since the results of our fly sam-
ple from northeastern Kansas (Marshall County)
showed that Race A was the predominant race, Ham-
ilton may have compared the survival of the Great
Plains race and Race A. P>ut since he did not identify
the race of flies, the association of ecological adapta-
tion and wheat-infesting ability of the Hessian fly can
be only inferred. However, if this be the case, the
Great Plains race may have distinct survival advan-
tage in the climatic conditions of western Kansas over
Race A, which fact would explain the low frequency
of the latter race.

Our detection of a fairly large number of Great
Plains individuals in northeastern Kansas (Marshall
County) suggests that the populations of the (Treat
Plains race and Race A overlap in this general area.
This conclusion is reasonable because wheat cultivars
resistant and susceptible to the Great Plains race are
grown in this area. The Great Plains race would be
maintained because they survive on nonresistant culti-
vars, for example Bison. At the same time, wheat
cultivars such as Kawvale and Pawnee which are
resistant to the Great Plains race but susceptible to
Race A would select against the Great Plains race
and would favor the development of Race A. Thus,
environmental conditions probably limit the western
distribution of Race A and resistant wheat cultivars
limit the eastern distribution of the Great Plains race.
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Wheat
cultivar

Vermillion
Knox
Seneca
Monon

"
Redcoat

Monon

Seneca

Genesee

Resistant
gene

None

H3

None

No. 9 5
tested

500
180
297
300
200
208
200
292
200
203
276
144

300

365
360

Great
Plains

0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

Race frequency ('

A

69
53
63
11
10
12
18
14
15
12
5
6

89

94
94

B

26
42
35
83
70
79
73
78
67
79
82
80

6

3
3

C

4
1
0
0
0
0
0
0
0
0
0
0

5

3
3

i:

1
4
2
6

20
9
9
8

18
9

13
14

0

0
0

Knox

Bison

410

520
306
164

93

31
92
94

64
8
6

3
0
0

2
0
0

0
0
0

Table 2.—Frequency (percentage) of races of Hessian flies in samples collected from eastern soft-wheat and west-
ern hard-wheat regions.

State
and
county

Indiana
Vigo
Clinton
Dearborn
Hamilton
Jackson
Starke

Warrick
Tippecanoe
Tipton
Posey
Knox

Tennessee
Robertson

Michigan
Tuscola
Huron

Missouri
Barry

Kansas
Marshall"
Rooksb

Nessb

* Northeastern Kansas.b Western Kansas.

Also, we found major differences in the frequency
of the races in States growing soft wheat. Race B
was predominant in Indiana samples collected from
resistant wheat fields; Race A was predominant and
Race B occurred only rarely in samples collected from
other areas where soft wheat cultivars are grown and
where the acreage of resistant wheat is low. The result
marks a change. Before resistant cultivars of wheat
were released, Race A was predominant in Indiana
(Gallun et al. 1961). These researchers suggested
also that an increase in the acreage of a cultivar with
a specific type of resistance could result in a change
of frequency of races, because the increase would
cause selection pressure that favored races capable of
living on wheats having a particular type of resist-
ance. Apparently, exactly this situation has occurred
in many local populations where Race B has become
predominant and has replaced Race A as the "typical"
race. Therefore, the high frequency of Race B ap-
pears to be intimately associated with the high per-
centage of wheat acreage planted to resistant cultivars
having the H3 gene.

The result of the survey of Race C is further evi-
dence that resistant cultivars having the H3 gene are
a factor in the changing frequency. Few Race C oc-
curred in samples collected from nonresistant wheat
fields, but none was detected in samples from fields
planted to resistant cultivars having the H3 gene
(Race C cannot survive on cultivars with the H3 re-
sistant gene).

Race D was detected only in Indiana, and its fre-

quency was fairly high in areas where Race B pre-
dominated. Race D was developed in the laboratory
by crossing Races B and C (Gallun et al. 1961), and
it had not previously been identified in field popula-
tions. Since this race can survive on wheats having
either the H3 or the Ho resistant gene, their presence
poses a problem. For example, if cultivars having the
H6 resistant gene gradually replace some acreage now
planted to cultivars having the H3 gene, then selection
would act against Race B and would favor the devel-
opment of Race D. If this situation occurs, then Race
D would replace Race P> as the predominant race.

The high frequency of virulent races is strong evi-
dence that Hessian fly populations may develop into
epidemic proportions, especially in areas where wheats
having similar resistant genes have been grown for
several years. The potential threat to these wheats
has been considered in the breeding and release of
new Hessian fly resistant cultivars. For example,
Benhur, a new soft red winter wheat developed by the
Purdue University Experiment Station, was released
to wheat growers in 1966 (Caldwell et al. 1966). This
cultivar has the Hc resistant gene and should be
highly effective in supressing Race B populations of
Hessian flies in Indiana. Parker, a new Hessian fly-
resistant hard red winter wheat developed by Kansas
State University, was released to farmers in Kansas
and Missouri in 1966 (Heyne and Painter 1967).
Parker has the Marquillo resistant genes which pro-
vide protection against all known races of flies. The
H5 gene derived from the spring wheat Ribeiro
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(Shands and Cartwright 1953) also is resistant to all
known races of flies. The IIr, resistant gene is being
used in wheat-breeding programs in several States,
and wheat cultivars having this type of resistance will
be released soon.

In summary, the results show that: (1) distinct
geographical populations of Hessian flies differ in
their ability to infest wheat; (2) a major change in
race frequency has occurred in Indiana, probably be-
cause of selection by cultivars having the I I 3 resistant
gene; (3) sufficient genetic variability exists in the
Hessian fly, at least in more eastern populations, to
allow a change in race frequency if wheat cultivars
with a specific type of resistance replace nonresistant
cultivars; and (4) wheat cultivars having resistance
to all known races should be developed in case Hes-
sian fly populations increase on existing resistant
cultivars.
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External Morphology of the Adult Male of Matsucoccus bisetosus1'2

JOHN W. BEARDSLEY
Department of Genetics, University of California, Berkeley 94720

ABSTRACT
The external morphology of adult males of the pine-

infesting genus Matsucoccus has not been studied pre-
viously in detail. The male of M. bisetosus Morrison is
described and compared with adult males of other Coc-
coidea. The M. bisetosus male appears to be one of the
least specialized of coccid males yet studied. Primitive
morphological features of M. bisetosus include the pres-
ence, of a prothoracic precoxal ridge, interpreted as pos-
sibly a vestigial trochantin, and the structure of the meso-
postnntum which is relatively broad, narrowly separated
from the scutellum, lacks the prominent postnotal apo-
physes characteristic of all other known male Coccoidea,

The genus Matsucoccus Cockerell includes about
20 described species confined to hosts of the genus
Pinus. From Baltic amber specimens it is known
that this group of coccids has persisted virtually
unchanged since the Oligocene. Ferris (1941)
pointed out that the genus Acrcagris Koch & Ber-
endt, based on Baltic amber material, appears to be
synonymous with modern Alatsucoccus, and if pri-
ority were strictly applied, the latter probably should
fall as a synonym of the former. Certain aspects
of the external morphology of adult males of living
Matsucoccus, discussion of which follows, suggest
that this genus constitutes one of the most primitive
groups of living Coccoidea.

and is covered by the metanotum on only its posterior
half. On the basis of these features, Matsucoccus is be-
lieved more similar to the Aphidoidea than is any other
known group of Coccoidea. Comparisons with males of
other Margarodidae and with Orthczia indicate that male
Matsucoccus have more morphological features in com-
mon with Orthcsia males than with those of other mar-
garodids, including the Xylococcini. It is therefore sug-
gested that the tribe Matsucoccini of Morrison should be
removed from the subfamily Xylococcinae and placed in a
separate subfamily, the Matsucoccinae.

1 Homoptera: Coccoidea: Margarodidae.
- This research was supported by N.S.F. grant no. GB-4289.
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Although the external morphology of mature
females and immature stages of several Matsu-
coccus species has been treated in detail (Morrison
1928, 1939; Boratynski 1952; Bodenheimer and
Harpaz 1955; Bean and Godwin 1955), there is
relatively little detailed information on the adult
males. Morrison (1928) gave a brief description
and figured portions of the male of the type-species,
M. viatsumurac (Kuwana). Morrison's description,
based upon slide-mounted specimens, is inadequate for
detailed comparative morphological studies, as are
those of McKenzie (1942, 1943a, 1943b) on males
of M. bisetosus Morrison and M. vexillorum Morri-
son, and Bodenheimer and Harpaz (1955), on the
male of M. josephi Bodenheimer & Harpaz. Bean
and Godwin gave a relatively good figure of parts
of the adult male of M. resinosae Bean & Godwin,


