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The seasonal development and habits of Labops hesperius Uhler

were studied in rangeland seeded to intermediate wheatgrass (Agro-

pyron intermediurn (Host) Beauv. ) in Baker County, Oregon, The

first nymphs appeared on March 22, and required about one week to

complete each of the five nymphal stadia. Most small nymphs stayed

on the ground beneath the straw and litter during daylight and fed on

the leaf blades of grasses at night. Fifth instars and adults fed on the

leaf blades during both the day and night. The adults began to emerge

on April 26, and the preoviposition period of the females lasted about

two weeks. A maximum of 48 eggs was found in the ovaries of a single

female, but the mean number of eggs laid per female was estimated at

twenty-one and nine eggs, respectively, at two study sites. Most eggs

had been laid by June 15, and the eggs remained dormant until

March of the following year. Thus L. hesperius completed its



development and reproduction in about 2 1/2 months and had an

obligatory diapause that lasted about 9 1/2 months.

Labops hesperius was found in a variety of habitats, but the

greatest numbers were found in two dense stands of intermediate

wheatgrass which had received little or no grazing during the past

12 years. Other grasses used as food included Agropyron desertorum

(Fisch. ) Schult., A. repens (L. ) Beauv., A. spicatum (Pursh) Scribn.

and Smith, A. trichophorum (Link) Richt. , Bromus carinatus Hook

and Aril., B. tectorum L., Dactylis glomerata L. , Festuca idahoensis

Elmer. Hordeum vulgare L. , Koeleria cristata (L. ) Pers. , Poa

bulbosa L. , P. pratensis L., Seca le cereale L., and Stipa lemmonii

(Vasey) Scribn.

Females usually oviposited in dry straws of grass that had been

produced during the previous season, because oviposition was com-

pleted before straws suitable for oviposition were produced. How-

ever, dry straws of bulbous bluegrass (Poa bulbosa L. ) were used

for oviposition during the same season in which they grew, since

bulbous bluegrass matured earlier than other grasses and had dried

before oviposition was completed. Straws of bulbous bluegrass were

the preferred oviposition site although bulbous bluegrass was rare

in most ranges. Straws of Agropyron desertorum, A. intermedium,

and A. spicatum were also readily used for oviposition.

The effect of feeding injury by L. hesperius on the yield and



composition of wheatgrass was determined by chemical analysis of

forage samples from sprayed and unsprayed plots. Feeding injury

reduced the yield and nutritional value of wheatgrass by removing the

cell contents from the leaves. The loss of forage production was

about 18 percent in May when feeding injury was most severe. How-

ever, the grass continued to grow because of adequate moisture and

when the grass reached maturity near the end of July, the loss of

forage production was only about two percent of the total forage pro-

duction.

Exploratory tests suggested that field burning, removal of a

hay crop, and grazing might reduce densities of L. hesperius by

destroying the overwintering eggs and the straw used for oviposition.

Insecticidal control did not appear to be economical, since the return

per acre from rangelands was small and since frequently the cost of

treatment would have been greater than the value of the forage lost

to L. hesperius.
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LABOPS HESPERIUS UHLER: BIOLOGY AND
IMPACT IN OREGON RANGELANDS

(HEMIPTERA: MIRIDAE)

INTRODUCTION

Labops hesperius is a plant bug that feeds on grasses through-

out the arid, mountainous rangelands of western North America.

During the past decade dense populations of this insect have been

observed in rangeland seeded with introduced wheatgrasses. Crested

wheatgrass and intermediate wheatgrass appear to be most frequently

attacked by L. hesperius These grasses were introduced from

Siberia and have been planted on thousands of acres to replace sage-

brush and native grasses. Wheatgrasses have also been useful in

restoring ranges that were invaded by annual grasses and weeds after

being cultivated, burned or overgrazed (Douglass and Hal lock, 1958).

Crested wheatgrass and intermediate wheatgrass are well suited to

rangelands of western North America because of their tolerance of

cold and drought. Crested wheatgrass is a particularly valuable

forage plant because it begins its growth early in the spring and

provides feed for livestock when other grasses are still dormant

(Hedrick, 1967). The feeding injury produced by L. hesperius is

viewed as a serious threat to forage production in rangeland seeded

to wheatgrasses (Bohning and Currier, 1967; Knowlton, 1967).

Sporadic reports of infestations of L. hesperius date back to
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1938, but there is little information available concerning the biology

of L. hesperius or the actual amount of damage produced by the feed-

ing activities of this insect. This project was undertaken to study

the biology of L. hesperius in eastern Oregon and to assess the dam-

age inflicted by its feeding activities in rangeland seeded to wheat-

grasses. The life cycle, habitats, host plants, oviposition habits,

and the overwintering stage of L. hesperius were studied to identify

biological characteristics of this insect that might be useful in develop-

ing a pest management program for L. hesperius in eastern Oregon.
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REVIEW OF LITERATURE

Labops hesperius was described from specimens collected in

Colorado and Montana (Uhler, 1872) and has now been found throughout

the western United States and Canada from New Mexico to the Yukon

Territory (Knight, 1922; Armitage, 1952; Slater, 1954; U, S. D. A.

A. R. S. 1969, U. S. D. A. A. R. S. 1970). A key to the North Amer-

ican species of Labops was presented by Knight (1922). Slater (1954)

described three new species of Labops and developed a more exten-

sive key to the Labops of North America.

Fragmentary reports suggest that L. hesperius is a univoltine

insect that is active in early spring (Bohning and Currier, 1967;

Knowlton, 1967). For example, small nymphs were active on March

29, during a study on the Santa Fe National Forest in New Mexico.

Also, adults were observed mating on May 6, and had disappeared

by early June (Bohning and Currier, 1967). Frequently populations

of L. hesperius are detected because of the appearance of feeding

injury on the leaves of grasses. Adults and the associated plant

injury have been observed primarily in May and June (Denning, 1948;

Bohning and Currier, 1967; Knowlton, 1967). Although the over-

wintering stage has not been reported, it has been assumed that L.

hesperius overwinters in the egg stage. The site of oviposition was

not found during a study in New Mexico (Bohning and Currier, 1967).
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Labops hesperius feeds on a wide variety of grasses, but

has not been observed feeding on nongramineou.s plants. Mills (1939)

reported feeding on. Koeleria cristata (L. ) Pers., Poa secunda

Presl. , Stipa comata Trin. and Rupt., and Stipa (?) williamsi Scrbn.

L. hesperius also feeds on crested wheatgrass (Denning, 1948;

Armitage, 1952; Pepper, 1956; Bohning and Currier, 1967; Knowlton,

1967; U. S. D. A. A. P. H. S. 1972), smooth brome (Armitage, 1952),

intermediate wheatgrass (Bohning and Currier, 1967), pubescent

wheatgrass (Bohning and Currier, 1967), and creeping red fescue

(Pesho, 1969). Wheat and barley adjacent to crested wheatgrass

rangeland have also been injured (Mills, 1941; Pepper, 1953; Knowl-

ton, 1966a). Most records of damage by L. hesperius refer to

injury to wheatgrasses.

Labops hesperius feeds by piercing the leaves of grasses with

its stylets and produces small white or yellow spots where the stylets

were inserted into the leaves. Intensive feeding can leave a leaf

almost completely white and in some instances the leaves wither and

curl longitudinally (Denning, 1948). Estimates of losses due to feed-

ing by L. hesperius have been based on the extent of yellowing of

grasses and suggest that yields of forage were reduced as much as

50 to 60 percent (Bohning and Currier, 1967; Knowlton, 1967).

Feeding injury was so severe in one case that the plants failed to

produce seed (Knowlton, 1966a) and some plant mortality has also
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been ascribed to the feeding injury by L. hesperius (Bohning and

Currier, 19 6 7). However, the only actual measurement of damage

by L. hesperius is the report of a Wyoming rancher that a hay

meadow produced two stacks of hay instead of four (Denning, 1948).

Several attempts to control L. hesperius with insecticides have

been reported (Thornley and Judd, 19 70; U. S. D. A. A. R. S. , 19 70;

U. S. D. A. A.P.H.S., 1972). These insecticide applications reduced

the density of the insect, but large populations developed the next

year (Knowlton, 1966b; Bohning and Currier, 19 6 7; Jensen, 1971).

Recurrence of L. hesperius infestations may have resulted from

failure to apply insecticides before adults had begun to lay eggs

(Knowlton, 1966b).
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METHODS AND MATERIALS

Study Sites

Two sites in Baker County, Oregon, were used for intensive

study of L. hesperius. Site 1 was a seven acre field of intermediate

wheatgrass located four miles north of Keating, Oregon, Township

7 South, Range 42 East, Section 30 (Figure 1A). The field was on

the eastward slope of a low ridge at an elevation of 3200 ft. The

surrounding terrain was a series of gentle rolling hills which were

covered by the native sagebrush-grass community or by cultivated

alfalfa (Medica_go sativa L. ) and barley (Hordeum vulgare L. ).

Site 1 was cleared of sagebrush and seeded to intermediate

wheatgrass (Agropyron intermedium (Host) Beauv. ) in 1949. The

field was initially used for seed production, but for the past 15 years

it has been used sparingly as fall pasture for cattle. The plant cover

was 80 to 90 percent intermediate wheatgrass with minor amounts of

bulbous bluegrass (Poa bulbosa L. ), cheatgrass (Bromus tectorum

L. ), and Kentucky bluegrass (Poa praetensis L. ) and a few plants of

big sagebrush (Artemesia tridentata Nutt. ).

Labops hesperius was first noted at Site 1 in May, 1970. Large

numbers of adults were present and yellowing of the grass was exten-

sive. The entire field was sprayed with malathion at the rate of one

pound per acre during the first week of Tune, 19 70. This treatment
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A.

B.

Figure 1. A. Site 1 (foreground); four miles north of Keating,
Oregon; picture taken June 5, 1972.

B. Site 2 (foreground): four miles northwest of Sparta,
Oregon; picture taken June 22, 1972.
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apparently killed the L. hesperius, but dense populations developed

again in 19 71 and 19 72.

A hygrothermograph was maintained in Site 1 to provide a

record of the temperature and humidity during the period of L.

hesperius activity.

Site 2 was a 16 acre field located four miles northwest of

Sparta, Oregon, Township 8 South, Range 44 East, Section 6 (Figure

1B). The field was on a southward slope between steep rolling hills

at an elevation of 4200 ft. The surrounding terrain was steep rolling

hills which were covered by improved rangeland similar to Site 2

or by native sagebrush with a few scattered ponderosa pines (Pinus

ponderosa Dougl, ).

Site 2 was cleared of sagebrush ca. 1938 and was then used for

production of barley. In 19 59 this field and 3 75 acres of cleared land

in the vicinity were seeded with a range mixture containing alfalfa,

bulbous bluegrass, intermediate wheatgrass, and pubescent wheat-

grass (Agropyron trichophorum (Link) Richt. ). Site 2 was not grazed

or used for any purpose from 19 59 through 1972, The plant cover at

Site 2 was 80 to 90 percent intermediate wheatgrass and pubescent

wheatgrass with minor amounts of alfalfa and bulbous bluegrass and

a few plants of big sagebrush.

Adults and nymphs of L. hesperius were first noted at Site 2

in May, 1969. On May 28, 1969, Site 2 and 375 acres of similar
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rangeland nearby were sprayed with malathion at the rate of one

pound per acre. The density of L. hesperius dropped sharply after

this treatment, but dense populations developed again in 1970, 1971,

and 1972.

Sites 1 and 2 are among the most productive improved range-

lands in Baker County. Crowns of wheatgrass are two to six inches

apart in these sites, while in poorer rangelands crowns of grass are

six to twenty-four inches apart. Both study sites have a dense mat

of straw covering the ground surface because of their productivity

and the lack of grazing and in many places the straw has accumulated

to depths of one or two inches.

Other sites throughout Baker County were examined intermit-

tently to determine the host and habitat ranges of L. hesperius.

These sites will be described in Habitats and Host Plants.

Field Studies of Labops hesperius

Two techniques were used to sample nymphs and adults of

L, hesperius. The first method was to collect L. hesperius by

sweeping the foliage with an insect net 15 in. in diameter. The

sampling unit (one sample) consisted of five sweeps of the net taken

in 180° arcs. The L. hesperius from each sample were placed in

a vial of 70 percent alcohol for study in the laboratory. The sweep

samples were used to estimate relative numbers of L. hesperius
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in experimental plots.

The second sampling method consisted of collection of the L.

hesperius on the ground and the vegetation from a circular area of

0.96 sq. ft. A cylindrical hoop that enclosed an area of 0.96 sq. ft.

was made by rolling a strip of sheet metal eight inches in width into

a hollow cylinder 13.3 in. in diameter and eight inches in height.

The hoop was placed over the area to be sampled and its edge was

pushed into the soil while L. hesperius and other plant bugs were

c ollected with an aspirator. The bugs collected from this sampling

unit were placed in a vial of 70 percent alcohol for study in the lab-

oratory. The ground-area samples were used to estimate population

densities and to record the seasonal progression of the life stages of

L. hesperius. At Sites 1 and 2 ground-area samples were taken at

weekly intervals throughout the active period of L. hesyerius. The

sampling universes used at these sites were approximately 15,000

sq. ft.

Ground-area samples were also used to estimate the number

of eggs laid by L. hesperius at Sites 1 and 2. The straw was collect-

ed from five samples after oviposition was completed and the indi-

vidual straws were dissected to determine the number of eggs per

sample (0.96 sq. ft. ).

For several tests cages were required to confine L. hesperius

in plots or to permit concentration of large numbers of L. hesperius
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in certain plots. The cages were pyramid-shaped with a square base

that enclosed an area of nine square feet. Cages were about two feet

in height and were made of wire screen attached to a wooden base

(Figure 1A).

Laboratory Culture of Labops hesperius

Labops htEp erius was maintained in the laboratory throughout

April and May, 1972, to observe oviposition, feeding, and the duration

of instars. Nymphs and adults were reared in 33x200 mm culture

tubes on shoots of intermediate wheatgrass. A shoot of grass was

placed in the bottom of the culture tube with its roots wrapped in wet

cotton. Fresh shoots of grass were provided every three days. One

to ten L. hesperius were reared in each culture tube. Laboratory

temperature was about 24°C and no attempt was made to regulate the

duration of photoperiod.

Feeding Injury to Wheatgrass

Two tests were conducted to determine the extent that feeding

injury by L. hesperius affected the yield and composition of wheat-

grasses. The first test was conducted at Site 2 where injury by the

natural density of L, hesperius was measured. A stand of intermed-

iate wheatgrass and pubescent wheatgrass was divided into 16 plots

which were each 30 ft. by 30 ft. The plots were paired so that eight
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blocks were formed with two plots in each block.

One plot was randomly selected from each block and sprayed

with Cygon*2-E at the rate of 24 oz. per acre to obtain uninjured

wheatgrass for comparison to wheatgrass that had been exposed to

the feeding activity of L. hesperius. The populations of insects in

the plots were monitored by sweeping and additional insecticide appli-

cations were made when L. hesperius began to move into the sprayed

plots. Wheatgrass in the eight unsprayed plots was fed upon by L.

hesperius at the natural density which was estimated at weekly inter-

vals by taking ground-area samples.

Forage samples were removed from the plots in May when the

feeding injury appeared to be most severe and again in July when the

grass was near maturity, A circular hoop of wire was placed on the

ground to delimit the sample (9.6 sq. ft. ) and then the grass within

the hoop was clipped as close to the ground as possible and placed in

a paper bag. Three samples were randomly selected from a 15 ft.

by 15 ft. square in the center of each plot.

A similar test was conducted at Site 1 to measure the injury

to intermediate wheatgrass at densities of L. hesperius which were

two to five times greater than the natural density. Artificial densities

greater than the natural density were obtained by caging nymphs on

small plots with the cages described earlier. Enough nymphs were

added to increase densities in the plots by 10, 50, 100, and 200
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nymphs per square foot. Plots with the natural density of L.

hesperius and plots sprayed with Cygon* 2-E (24 oz. /acre) were also

included. Each treatment was replicated three times. The natural

density of L. hesperius was estimated from ground-area samples

taken at the beginning of the experiment.

Forage samples were removed from these plots after three

weeks. A circular hoop of wire was placed on the ground to delimit

the sample (0.96 sq. ft. ) and then the grass within the hoop was

clipped as close to the ground as possible and placed in a paper bag.

Three samples were taken from each plot.

Forage samples were dried for 24 hours at 55°C in a. large

drying oven at the Eastern Oregon Experiment Station, Union, Oregon.

Then the samples were weighed to obtain yield data and portions of

these samples were used for chemical analysis to determine the com-

position of the forage.

Chemical analysis of the forage samples was conducted by the

Department of Animal Science, Oregon State University. The percent

crude protein, percent ash, percent cell-wall constituents, and per-

cent acid-detergent fiber were determined. The official methods of

the Association of Official Analytical Chemists were used to deter-

mine the percent crude protein and percent ash (Horowitz, 1965).

The percent acid-detergent fiber and percent cell-wall constituents

were determined using techniques developed by Van Soest (Van Soest,
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1963; Van Soest and Wine, 1967). All measurements were expressed

as percentages of the dry weights of the samples.

The acid-detergent fiber analysis approximates the cellulose

and lignin content of the forage and the cell-wall constituents analysis

includes acid-detergent fiber as well as insoluble protein and hemi-

cellulose (Van Soest and Moore, 1965), The value obtained for the

cell-wall constituents represents the fiber fraction of a forage which

is only slightly digestible by ruminant animals and which is virtually

indigestible by nonruminants (Van Soest and Wine, 1967), The percent

cell contents in the sample is then determined by subtracting the

percent cell-wall constituents from 100. This fraction contains the

sugars, organic acids, water soluble compounds, lipids, pectin,

starch, soluble protein, and nonprotein nitrogen and is nearly com-

pletely digestible (Van Soest, 1965).
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RESULTS

Biology of Labops hesperius

Descriptions of Life Stages

The sizes of the life stages of L. hesperius were determined

by measuring 25 specimens of each life stage (Table 1). The length

of the body and the width of the head were measured with an ocular

micrometer in the eye piece of a binocular microscope,

Adults of L. hesperius are predominantly black and densely

pubescent. They are easily recognized by their short, broad head

and widely spaced, stalked eyes and by the white longitudinal stripe

on the costal margin of the hemelytron (Figure 2A, B, and C). Two

species of Labops, L. hesperius and L. hirtus Knight, occur in

Oregon, but L. hirtus was not found in Baker County. The two spe-

cies are quite similar in form and coloration, but L. hesperius is

readily distinguished by the prominent spines on the hind tibia. The

hind tibia of L. hirtus is densely covered with fine hairs which obscure

the true spines. Males of L. hesperius are also distinguished from

L. hirtus and other North American Labops by the enlarged jugum

which covers the tylus in a lateral view (Slater, 1954),

Females of L. hesperius are readily recognized by the vagina

exterior which divides the eighth and ninth abdominal sterna ventrally,



Table 1. Length and width of the life stages of Labops hesperius.

Stage
Length (mm)

Mean* Range Mean*
Width (m

Range
Width of head (mm)

Mean* Range

Egg 1., 24 1. 12 -1.43 0. 29 0. 25-0, 33

Nymphs

1 Instar 1, 04 0.54 -1. 21 0. 41 0. 38 -0.44

2 Instar 1. 41 0. 89-1. 62 0.57 0. 52-0. 64

3 Instar 1.76 1, 32 -2.09 0. 77 0. 74-0. 84

4 Instar 2. 12 1. 61 -2.87 1.00 0. 93-1. 06

5 Instar 3, 15 2. 58-3. 67 1. 29 1. 19 -1.35

Adults

Male 4. 16 3. 57-4. 64 1.44 1. 35-1. 71

Macropterous Female 4. 63 4. 22-5. 12 1. 53 1. 45-1. 61

Brachypterous Female 4, 12 3. 64-4. 78 1. 54 1, 42 -1.61

*n = 25
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Figure 2. Life stages of Labops hesperius.

A. Macropterous female,

B. Brachypterous female.

C. Male.

D. Eggs.

E. Third instar.

F. Fifth instar.
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A. B.
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whereas the eighth and ninth sterna are unbroken in the males.

Females also lack the enlarged juga of the males. The genital

claspers of the male are visible at the apex of the ninth abdominal

segment and the abdomen is narrower and more tapered posteriorly

than the abdomen of the female.

Females may be either macropterous or brachypterous although

most are brachypterous. The type of wing was determined on 784

females and 605 (77%) were brachypterous. The type of wing was de-

termined on 388 males and all were macropterous. The wings of

macropterous individuals appear to be functional, Flights of one foot

or less were made by males and macropterous females, but sustained

flights were not observed.

The egg of L. hesperius (Figure 2D) is about four times greater

in length than in width, circular in cross section, and slightly curved

longitudinally. There is a laterally compressed operculum at one end

of the egg. Eggs are white when first laid and turn to a light orange-

brown within a few days. The chorion is transparent and the color

is due to the yolk and embryo. The eyes of the nymph are visible as

red spots near the operculum just prior to hatching.

Nymphal instars may be separated on the basis of the width of

the head and the size of the wing pads. The width of the head had a

distinct range for each instar. The eyes of the nymphs are promi-

nent and extend laterally beyond the margins of the pronotum, but

they are not as markedly stalked as those of the adult. Nymphs
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are grayish white with irregular brown bands around the abdomen

and brown and black markings on the legs, thorax, and head, but

without magnification they appear light reddish brown to dark gray-

brown. The darker shades are more prominent in the later stages- -

partly due to enlargement of the black wing pads. The wing pads of

the fifth instar (Figure 2F) cover three to four abdominal tergites

The fourth instar has the first two abdominal tergites covered by the

wing pads. The third instar (Figure 2E) has the posterior margin of

the mesonotum concave and the wing pads are visible as posterolateral

extensions of the mesonotum that partly cover the metanotum. First

and second instars are similar to the third instar in color and form

except that the posterior margin of the mesonotum is straight and

does not overlap the metanotum. The width of the head is the only

character by which first and second instars could be separated.

Habitats and Host Plants

Labops hesperius was found in a variety of habitats ranging from

arid sagebrush-grass communities to mountain parks near the timber-

line. Five sites that were representative of L. hesperius habitats in

Baker County are described below.

Sites 1 and 2 (described previously) were improved rangeland

seeded to wheatgrasses (Figure 1). Large acreages throughout the

western United States have been seeded to wheatgrasses, particularly
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with two species--Agropyron desertorum (Fisch. ) Schult. and A.

cristatum (L. ) Gaertn. --that are commonly called crested wheat-

grass. Most of the crested wheatgrass in Oregon is A. desertorum.

In Baker County crested wheatgrass was seeded in drier localities

than intermediate wheatgrass and usually produced sparser stands

of grass, L. hesperius was most abundant in dense stands of inter-

mediate wheatgrass. As many as 200 nymphs were found in 0.96 sq.

ft. at Sites 1 and 2 and feeding injury was severe.

Site 3, which was seven miles northeast of Keating, Oregon,

was a mixed stand of grasses and shrubs in a forest area destroyed

by fire in 1963 and immediately seeded to grasses (Figure 3A). The

grass cover was highly variable with grass crowns six to twenty-four

inches apart in favorable spots and with 1/4-acre patches of bare

ground in other places. Wheatgrasses were the most abundant spe-

cies of grass, but other species were also present (Table 2). L.

hesperius was first noted at Site 3 in 1969 and was quite abundant in

the thickest patches of wheatgrass in 1972. On May 13, 1972, 77

nymphs (mostly fifth instars) were found in an area of 0.96 sq. ft.

around a crown of intermediate wheatgrass. Feeding injury was quite

severe in some patches of wheatgrass and Idaho fescue (Festuca

idahoensis Elmer. ), but feeding injury to the same grasses was neg-

ligible in other spots.

Site 4, which was 20 miles north of Keating, Oregon,
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Figure 3. Habitats of Labops hesperius.

A. Site 3: forest born seeded to grasses; elev. 4500 ft.;
picture taken June 5, 1972.

B. Site 4: mountain park; elev. 6400 ft.; picture taken
June 15, 1972.

C. Site 5: arid sagebrush-grass community; elev.
3800 ft.; picture taken June 6, 1972.
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Table 2. Habitats of Labops.hesperius and grasses utili zed as food in different localities in Baker County, Oregon.

Site

1

2

3

Habitat Description Host Species Common Name

Improved range: plowed
and reseeded; elev. 3200'

Improved range: plowed
and reseeded; elev. 4200'

Forest burn: seeded to
grasses; elev. 4500'

Agropyron intermedium (Host) Be auv.
Bromus tectorum
Hordeum vulgare L *
Poa bulbosa L.
P. pratensis L
Secale cereale L. *

Agropyron intermedium (Host) Beauv,
A. spicatum (Pursh) Scribn. & Smith*
A. trichophorum (Link) Richt,
Bromus carinatus Hook & Am.*
Festuca idahoensis Elmer. *
Poa bulbosa L.

Agropyron intermedium (Host) Beauv.
A. spicatum (Pursh) Scribn. & Smith
A. trichophorum (Link) Richt.
A. (?) desertorum (Fisch. ) Scult.
Dactylis glomerata L.
Festuca idahoensis Elmer.
Poa pratensis L.

*Scattered along border of seeded area.
**I = introduced to North America. N = native to North America.

Intermediate wheatgrass
Cheatgrass
Barley
Bulbous bluegrass
Kentucky bluegrass
Rye

Intermedi ate whe atgr ass
Bluebunch wheatgrass
Pubescent Whe a tgr ass
California brome
Idaho fescue
Bulbous bluegrass

Intermediate wheatgrass
Bluebunch wheatgrass
Pubescent wheatgrass
Crested wheatgrass
Orchardgr ass
Idaho fescue
Kentucky bluegrass

Origin**

I

I

I

I

I

I

N

I

N

N

I
N

I

I

I



Table 2 (Continued)

Site

4

Habitat Description Host Species Common Name Origin*

Mountain park; elev. 6400' Agropyron spicatum (Pursh) Scribn. & Smith
Festuc a sp.
Stipa sp.

Arid sagebrush-grass
community; elev.
3800'

Agropyron spicatum (Pursh) Scribn. &Smith

Variable: located throughout Agropyron intermedium (Host) Beauv.
Baker County; elev. 2800- A. repens (L. ) Beauv.
4500' A. spicatum (Pursh) Scribn. & Smith

A. (? ) desertorum (Fisch. ) Schult.
Dactylis glomerata L.
Festuca sp.
Koeleria cristata (L. ) Pers.
Poa pratensis L.
Poa sp.
Stipa lemmonii (Vasey) Scribn.

Bluebunch wheatgrass
Fescue
Needlegrass

Bluebunch wheatgrass

Intermediate wheatgrass
Qu ackgrass
Bluebunch wheatgrass
Crested wheatgrass
Orchardgrass
Fescue
junegr ass
Kentucky bluegrass
Bluegrass
Lemmonts needlegr ass

N

N

N

I

N

*I = introduced to North America. N = native to North America.
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was a mountain park near the timberline (Figure 3B), A mountain

park is an area of grassland vegetation that occurs within a forest

region because of local soil or microclimate conditions (Davis, 1952).

Shrubs were absent from the site and crowns of grass were 12 to 36

in. apart with bare ground between them. Moderate numbers of L.

hesperius (25 adults in 25 sweeps) were present around the crowns

and feeding injury was less severe than at Sites 1, 2, and 3. In addi-

tion to L. hesperius another plant bug, Leptopterna ferrugata (Fallen),

was collected at Site 4.

Site 5, which was 12 miles west of Huntington, Oregon, was the

native sagebrush-grass community found in many areas in eastern

Oregon (Figure 3C), Big sagebrush was the most abundant sage spe-

cies and the grass cover was almost entirely bluebunch wheatgrass

(Agropyron spicatum.(Pursh) Scribn, and Smith). Crowns were six

to twenty-four inches in diameter and 24 to 36 in. apart. L. hesperius

was scarce at this site (one adult in 25 sweeps) and there was very

little feeding injury to bluebunch wheatgrass. In addition to L.

hesperius another plant bug, Litomiris sp., was collected at Site 5.

L. hesperius was found at a total of 16 sites in Baker County

and at 13 of these sites wheatgrasses were the most abundant species

of grass. The three remaining sites were in the ponderosa pine

forests of the Wallowa Mountains at elevations of 4000 ft. to 5000 ft.

Two of these sites were seeded to orchard grass (Dactylis glomerata
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L.) and the third was a mixture of Kentucky bluegrass and Lernmon's

needlegrass (Stipa lemmonii (Vasey) Scribn. ).

Labops hesperius fed on five species of grass which were native

to North America, ten species which were introduced from Europe and

Asia, and on four grasses which were not identified to species (Table

2). Most grasses present at a site inhabited by L. hesperius were

used as food to some degree. It was evident that L. hesperius fed

on many different grasses and this list is probably incomplete.

Grasses are the oviposition site as well as the food of L. hesperius.

Further consideration will be given to host plants in connection with

oviposition habits.

Life Cycle and Development

The seasonal development of L. hesperius was followed at

Site 1 beginning March 22, when the overwintering eggs were just

starting to hatch. Four ground-area samples were taken each week

during the first month of the study and five samples were taken each

week thereafter to determine the abundance and seasonal occurrence

of all stages (Figure 4A).

The daily maximum and minimum temperatures were recorded

with a hygrothermograph in the study site (Figure 4B). The sampling

data for all stages at Site 1 are shown in Appendix 1.

Each stadium of L. hesperius lasted about one week under field
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conditions, but weekly sampling did not permit precise determina-

tion of the duration of a given stadium in the field. Nymphs reared in

the laboratory at a constant temperature of 24°C required four days

to complete each of the first three stadia, five days to complete the

fourth stadium, and six days to complete the fifth stadium. In the

field the stadia probably had the same relative duration with some

modifications due to temperature variation. The mean temperature

throughout the nymphal period was 4°C and the minimum temperature

was below 0°C on the majority of the nights during the nymphal period.

Nymphs spent much of the first three instars on the ground beneath

the straw. On two occasions nymphs could be found only by

carefully searching the cracks in the soil beneath the straw.

The first such occasion was during the day when the ground was cov-

ered by an inch of snow and the second was at night when the tempera-

ture had dropped to -2°C.

The first adult emerged on April 26, five weeks after the first

nymphs had emerged, and adults were present for nine weeks there-

after. The mean temperature was 11 ° C during the first four weeks

after adults began to emerge and was 16°C during the last five weeks

of adult activity. The density of adults declined sharply within four

weeks after adults had begun to emerge and adults were scarce during

their last five weeks of activity. The peak density of 63 L. hesperius

per 0.96 sq. ft. occurred on April 19, when most nymphs were third,
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fourth, and fifth instars. The peak density of adults (25/0.96 sq. ft, )

occurred on May 10, two weeks after the appearance of the first adult.

After the adults had died, the density of eggs was estimated by

dissecting the straw and counting the eggs found in five ground-area

samples of straw. The mean number of eggs per sample (0.96 sq. ft.)

was 169. In the field L. hesperius remained in the egg stage from

June until the following March. An attempt to terminate the egg dia-

pause was made whereby straws that contained eggs were kept out-

doors at Corvallis, Oregon, during October, November, and Decem-

ber to provide a chilling period (mean temperature 7°C). The eggs

were then incubated at 21°C throughout January, February, and

March, but the eggs did not hatch. Apparently the cold treatment did

not provide the conditions necessary to terminate diapause.

Site 2 was initially sampled for nymphs on April. 4, and again

on April 13, but only a single ground-area sample was taken. Five

samples per week were taken thereafter to determine the abundance

and seasonal occurrence of all stages of L. hesperius (Figure 5).

The sampling data for all stages at Site 2 are shown in Appendix 2.

One hundred forty first instars and one second instar were

found in the sample (0.96 sq. ft. ) on April 4, and 74 first instars

and 11 second instars were found in the sample on April 13. Based

on the preponderance of first instars on April 4 and 13, and on the

time required to complete the first instar (four days in the laboratory),
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it was estimated that nymphs began to emerge about one week before

the first sample was taken on April 4. Thus from Figure 5 L.

hesperius was active for about 13 weeks at Site 2 and required about

five weeks to complete the nymphal period. Adults were first

observed on May 4, and adults were present for eight weeks there-

after. The peak density of 121 L. hesperius per 0,96 sq. ft,

occurred on May 4, when most nymphs were fourth and fifth instars

and the peak density of adults (35/0.96 sq. ft. ) occurred on May 11,

one week after the emergence of the first adults. The density of

adults did not decline as abruptly as it did at Site 1, but there was

a decrease to about half of the peak density four weeks after the

emergence of the first adults.

After the adults had died the density of eggs was estimated by

dissecting the straw and counting the eggs found in five ground area

samples of straw. The mean number of eggs per sample (0.96 sq. ft. )

was 158.

In summary, L. hesperius began to emerge in late March and

was present for about 14 weeks. Adults began to emerge five weeks

after the first nymphs emerged and adults were present for eight or

nine weeks. The largest densities were recorded when fourth

and fifth instars were most abundant and densities decreased rapidly

during the first four weeks after adults began to emerge. The sea-

sonal development of L. hesperius was about the same at Sites 1 and 2
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except that nymphs emerged about one week later at Site 2. This is

probably due to lower temperature because Site 2 was at a higher

elevation. The growth of wheatgrass was also noticeably later at

Site 2.

During the nymphal period the age distributions obtained from

five ground-area samples and five sweep samples were compared to

determine the percent of nymphs in each instar. The nymphs in

ground-area samples had a younger age distribution than the nymphs

in sweep samples (Table 3). Since nymphs in the early instars were

more likely to escape from either sampling technique than the larger

nymphs in later instars, the ground-area samples probably provided

a more accurate estimate of the age distribution than sweep samples.

Habits and Feeding Behavior

Nymphs were usually found on the ground beneath the straw and

therefore a test was conducted at Site 1 to determine whether nymphs

preferred a heavy straw cover to bare ground. The straw was care-

fully removed from one half of each of nine plots when the nymphs

were first and second instars. A cage was placed over each plot and

after two weeks the nymphs were sampled from the straw covered

side and the bare side of each plot (Table 4). It was evident that the

nymphs preferred the cover of straw to bare ground. The distribution

of L. hesperius at Site 1 provided further evidence of the preference



Table 3. Comparison of age distributions of nymphs of Labops hesperius (percent) obtained from 0. 96 sq. ft. ground-area samples and from
sweeping with an insect net 15 in. in diameter.

Instar

Sampling Method
1 2 3

Ground- S weep Ground- Sweep Ground- Sweep
area samples area samples area samples
samples samples samples

1 1.6 0.4 4.8 1.3 0.6 0

2 4.0 1.6 57.6 25.5 5.4 1.8

3 19.8 5.8 37.6 73.2 37.6 18.6

4 64.4 56, 3 0 0 51.6 62.5

5 10.2 35, 9 0 0 4.8 17. 1

100.0 100, 0 100.0 100.0 100.0 100.0

(.4
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Table 4. Number of nymphs of Labops hesperius on straw covered
vs. bare ground within the same plots.

Straw covered ground Bare ground
Plot (nymphs /0.96 ft2) (nymphs /0.96 ft2)

1 13 9

2 59 16

3 28 3

4 40 33

5 29 6

6 7 0

7 16 0

8 84 11

9 87 10

Mean 40 10



36

for areas with a heavy straw cover. Within this study site L.

hesperius was most abundant in about two acres which lay in a

depression between two low hills. The grass stand was very dense

here with only two to six inches between crowns and the straw cover

was about one inch thick. The remainder of the field was covered by

a sparse stand of grass (crowns four to twelve inches apart) that had

very little straw and very few L. hesperius. The straw probably

provided the small nymphs with some protection from adverse weather

and natural enemies,

Labops hesperius fed on the leaf blades of grasses, but rarely

fed on the stems or the leaf sheaths. Feeding by nymphs and adults

produced white spots about 0. 5 mm in diameter and intensive feeding

by large numbers of nymphs and adults turned the leaf blades almost

entirely white (Figure 6). When the nymphs and adults fed, they

usually faced down and they quickly dropped from the leaves when

disturbed by a person walking through the grass. An alarm phero-

mone such as the one isolated from aphids (Bowers et al. 1972)

might be involved in this rapid reaction to disturbance.

Although feeding injury was noted on the leaves, nymphs were

seldom seen on the plants during daylight. Therefore, the foliage

was sampled by sweeping at different times of the day to determine

the time of feeding, Nymphs were 12 to 35 times more numerous

in samples taken after sundown than in samples taken during daylight
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Figure 6. Wheatgrass with feeding injury by Labops hesperius
(left) and with no feeding injury (right). The crowns
of grass were taken from adjacent plots at Site 2 on
May 18, 1972,
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(Figure 7) and the greatest numbers of nymphs were collected between

8:00 pm and 12:00 pm. However, very few nymphs were found in

samples taken at night when the temperature was below 2°C. Similar

sweep samples were taken as the insects became adults and Figure

8 shows that the number of L. hesperius collected on the plants during

the day increased as the transition to the adult stage progressed. Thus

nymphs were primarily nocturnal feeders whereas adults were both

nocturnal and diurnal feeders,

Preoviposition, Mating, and Oviposition

The length of the preoviposition period was determined by dis-

secting females of L. hesperius at weekly intervals to follow the

stages of ovarial development. Twenty-five females from Site 1 and

25 females from Site 2 were dissected each week by methods described

elsewhere (Kamm and Ritcher, 1972). Each ovary had seven follicles

and the follicles were nearly transparent when females first emerged.

The first oocytes were visible as white spots at the anterior tips of

the follicles one week after the adults began to emerge. Mature eggs,

which were white and identical in size and shape to eggs which had

been laid, were found in the ovaries of some females two weeks after

the first adults had emerged.

Mating was first observed two weeks after the first adults had

emerged. The male and female were coupled tail-to-tail facing in



39

Figure 7. Number of nymphs of Labops hesperius swept from
wheatgrass at different times of day.
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opposite directions. Mating pairs collected in the field remained

coupled for as long as two hours. However, the initiation of coupling

was not actually observed and mating probably lasted longer than two

hours. Upon dissection, mated females could be distinguished from

virgin females by the presence of the yellow spermatophore within

the translucent white bursa copulatrix.

Chronological changes in the percent of females with mature

eggs are shown in Figure 9A, At both sites the first mature eggs

were found two weeks after adults began to emerge and all females

dissected had some mature eggs about two weeks after the last nymphs

had transformed to adults. The first mating was also observed about

two weeks after the first adults emerged. Therefore, females of

L. hesperius had a preoviposition period, of about two weeks.

The chronological change in the number of eggs per female

(Figure 9B) shows that the number of eggs per female declined after

the first week of June and since the density of females had declined

sharply by May 31 (Figure 10), most eggs must have been laid by

about June 15. Figure 9B also shows that larger numbers of eggs

per female were found in samples from Site 1. The maximum number

of mature eggs found in one female was also larger at Site 1 (48 at

Site 1 vs. 16 at Site 2), From these dissections it appeared that

females at Site 1 produced more eggs than females at Site 2. There-

fore, the mean number of eggs laid per female was estimated from
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the ground-area samples of adults and eggs. The number of females

per sample (0. 96 sq. ft. ) was determined throughout the period of

adult activity (Figure 10) and a graphical summation technique (South-

wood, 1966) was used to determine the total density of females. Based

on the assumption that the adult stage lasted 4 1/2 weeks, it was

estimated that there were eight females per 0.96 sq, ft. at Site 1

and 18 females per 0.96 sq. ft. at Site 2. These estimates and the

mean number of eggs per 0.96 sq. ft. (169 at Site 1 and 158 at Site 2)

were used to calculate the mean number of eggs laid per female

(twenty-one at Site 1 and nine at Site 2). These estimates verify the

difference in egg production found by dissecting females and thus

the mean number of eggs per female was greater at Site 1.

The oviposition site of L. hesperius was discovered in June,

1970, by Mr. Clyde Conklin. This work was conducted under the

direction of the Federal Cooperative Extension Service, Baker County,

Oregon, and the Department of Entomology, Oregon State University.

Females oviposited in straw that was produced the previous season

and was frequently matted down by snow during the winter.

A test was conducted at Site 1 to determine the species of

grasses and the portion of the culm used for oviposition. Five

hundred adults were placed in each of six cages and provided with

whole culms of various grasses produced the previous season. The

natural straw cover had been removed from the cages before the
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adults were added, but some small broken pieces of the straw of

intermediate wheatgrass remained. Five hundred adults were also

placed in each of two cages that contained only green intermediate

wheatgrass and broken pieces of straw and stubble as oviposition

material. After the adults had completed oviposition and died, a

sample of straw from each cage was dissected and the number of

eggs counted (Table 5).

Eggs were found in the straw of the six species of grass tested,

but eggs were not found in green plants of intermediate wheatgrass.

In the cage that contained green intermediate wheatgrass without any

whole straws there were nine plants of Kentucky bluegrass. Six eggs

were found in the green stem of one of these plants one inch below

the inflorescence. Whole culms of bulbous bluegrass and of the

wheatgrasses were readily used for oviposition, but whole claims

of cheatgrass and Idaho fescue were not. Some eggs were laid in the

stubble at the base of the plants and in broken straws of intermediate

wheatgrass, but even when these broken straws were the only oviposi,

tion material available, they contained fewer eggs per 100 straws than

the whole culms.

When whole culms were provided, most eggs were laid in the

upper portion of the culm (Table 5). The culms of wheatgrass used

in the test varied in length from 16 in. to 36 in. , but all of them were

divided by three or four nodes. Only 11 percent of the eggs found in



Table 5. Number of eggs of Labops hesperius found in straw of different species of grass.

Oviposition material

Number of eggs found in 100 straws

Percent Between inflor- Between distal Between penulti-
of straws escence and node and pen- mate node and
with eggs distal node ultimate node base of plant Total

Bulbous bluegrass
whole culms
broken straws (1-3")*

Interrnedi ate whe atgr ass
whole culms
broken straws (1-3")

standing stubble (1-3")
broken straws (1-3")

whole, green culms
broken straws (1-.3")

Crested wheatgrass
whole clams
broken straws {1-3")

Bluebunch wheatgrass
whole culms

Cheatgrass
whole culms

Idaho fescue
whole culms

64 1152 290 0 1442***
4 - 55

30 336 40 0 376
2 - 3

3 32
7 52

0 - 0
1 - - 21

11 121. 39 0 160
2 9

19 204 0 0 204

2 0 7 0 7**

2 9 0 0 9**

*All broken straws were intermediate wheatgrass.
**Number of eggs found in 50 straws.

***Number of eggs found in 25 straws.
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whole culms of wheatgrasses were placed below the distal node and

eggs were not found in, the basal internodes. Also, most eggs were

placed above the distal node in straws of other species of grass.

Eggs were occasionally laid singly, but usually clusters of five

to twenty eggs were laid close together in a straight row. Sometimes

several females oviposited in the same straw so that eggs were tightly

packed inside the straw (Figure 2D). It was usually necessary to

dissect straws to detect the presence of eggs, but in some cases the

operculum protruded through the stem and was visible externally

(top of Figure 2D).

Far more eggs were found in straws of bulbous bluegrass than

in any other grass. Also, a greater percentage of the straws of

bulbous bluegrass were used for oviposition than any other grass

tested. Unlike other grasses tested, bulbous bluegrass was used for

oviposition during the same season in which the culms were produced.

Bulbous bluegrass grows early in the spring and has a very short life-

span (Plummer et al. 1955) and by May 5, the plants at Site 1 were

mature and had begun to dry. Thus culms of bulbous bluegrass were

already dry when L. hesperius oviposited in them.

Another test provided additional evidence of an affinity for

bulbous bluegrass. After adults had died at Site 2, 30 ground-area

samples of straw were collected and the straws dissected to determine

the number of eggs present in straw of wheatgrasses and in straw of

bulbous bluegrass. Only seven of the samples contained straw of
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bulbous bluegrass and there were only 14 straws of bulbous bluegrass

in these seven samples. However, 12 (86%) of the straws of bulbous

bluegrass were found and used for oviposition, Furthermore, of

3152 eggs found in the 30 ground-area samples 852 (27%) were found

in bulbous bluegrass which comprised less than 0. 5 percent of the

straw in the samples.

In summary, L. hesperius oviposited in dry stems and rarely

used green plants for oviposition. Straws of bulbous bluegrass were

the preferred oviposition site and straws of wheatgrasses were also

readily used for oviposition. The upper portion of the culms of grass

were preferred to the lower part of the culms. The small number of

eggs found in broken straws in the absence of whole culms suggested

that a scarcity of oviposition material might reduce the number of

eggs laid,

Mortality Factors

Several mortality factors were noted during this study. An

adult of Nabis vanduzeei (Kirkaldy) was observed feeding on a teneral

adult of L. hesperius. A fifth instar and an adult female were para-

sitized by hymenopterous larvae which were white, fusiform, and

three millimeters long and 0. 5 mm wide. The parasites lacked

sclerotized mouthparts and appeared to have 13 body segments. An

adult female was parasitized by a dipterous larva which was white,
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fusiform, and four millimeters long and one millimeter wide. The

parasite had two sclerotized, black mouth hooks and appeared to have

12 body segments. Dead nymphs and adults of L. hesperius were

found hanging from grass blades by their stylets and the dorsal sur-

faces of their abdomens were covered with sporangia of a fungus,

Eggs collected in the field were sometimes shrivelled and contained

dead embryos and although the actual cause of death was unknown,

extremes of temperature and humidity were suspected.

Feeding Injury to Wheatgrass by Labops hesperius

Feeding injury by L. hesperius was scarcely noticeable at Site

2 during the first three weeks of the nymphal period. On April 26 and

27, eight plots were sprayed with Cygon* 2 -E to kill the nymphs and

eight plots were left unsprayed. Spraying could not be done at an

earlier date because of wind and low temperatures and slight injury

to wheatgrass occurred in sprayed plots prior to insecticide treat-

ment. Within one week after treatment the wheatgrass in the un-

sprayed plots was much whiter than the wheatgrass in the sprayed

plots as a result of feeding injury by L. hesperius. Feeding injury

appeared most severe about May 18, when the grass was eight to

sixteen inches tall (Figure 6). The contrast between sprayed plots

and unsprayed plots on May 20, 1972, is shown in Figure 11.

The relative densities of L. hesperius in sprayed and unsprayed
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Figure 11. Sprayed plots with no feeding injury by Labops
hesperius (dark areas) and unsprayed areas with
feeding injury. The picture was taken at Site 2
on May 20, 1972.
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plots indicated that Cygon* 2 -E reduced the insect density to low

levels in the sprayed plots (Table 6). The sprayed plots at Site 2

received a second insecticide treatment on May 11, because adults

were beginning to move onto the borders of the sprayed plots. The

density of L. hesperius on the unsprayed plots reached a peak of 121

nymphs and adults per 0.96 sq. ft. and then dropped to 33 adults per

0.96 sq. ft. The average density was 84 bugs per 0.96 sq. ft. An-

other plant bug, Irbisia shulli Knight, was also found in the unsprayed

plots at densities of one to three nymphs and adults per 0.96 sq. ft.

On May 22, forage samples were removed from the sprayed

and unsprayed plots and the dry weight, percent crude protein, per-

cent cell-wall constituents, percent acid-detergent fiber, and percent

ash of the samples were determined (Table 7), A significant differ-

ence was found between samples from sprayed and unsprayed plots

(P <0.05) for each of these variables (see Appendices 3 to 7 for data

and analysis of variance tables).

The dry weight yield was 13 percent less in samples from the

unsprayed plots which indicates that forage yield was reduced 13

percent due to feeding injury by L. hesperius. The cell-wall con-

stituents were six percent greater in samples from the unsprayed

plots which indicates an equivalent decrease in the percent cell con-

tents. Since the cell-wall constituents of grasses have an average

true digestibility of 25 percent whereas the cell contents have an



Table 6. Density of Labops hesperius on sprayed plots and unsprayed plots at Site 2. The sweep samples were taken between 8:00 pm and 10:00 pm.

Date

L. hesperius L. hesperius
density in sprayed plots
(mean number/5 sweeps)

density in unsprayed plots
(mean number/5 sweeps)

April 20, 1972 (before spraying) 360 328

April 27, 1972 (after spraying) 0.5 233

May 4, 1972 ( 2.0 769

May 15, 1972 ( 11 3. 6 316

May 18, 1972 ( 0. 1 (per 0. 96 ft2) 33. 2 (per 0. 96 ft
2)

Table 7. Mean yield, percent crude protein, percent cell-wall constituents, percent acid-detergent fiber, and percent ash of wheatgrass from
sprayed plots and unsprayed plots at Site 2 on May 22, 1972.

Dry weight* Crude* Cell -wall * Acid-detergent* Ash*
Yield Protein Constituents Fiber

(grams/ 9.6 ft2) ( %) (%) (%) ( %)

Sprayed plots 99 11. 28 62. 08 34.80 10.84

Unsprayed plots 86 12.87 68.33 39. 38 11. 22

*Significant at P <0.05.
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average true digestibility of 98 percent (Van Soest and Moore, 1965),

the six percent decrease in cell contents represents about a five

percent decrease in the true digestibility of the forage. The acid-

detergent fiber was five percent greater and the ash was 0. 5 percent

greater in samples from the unsprayed plots. Since acid-detergent

fiber is part of the cell-wall constituents, the five percent increase

represented a relative increase due to removal of cell contents by

L. hesperius. The increase in the ash content was also a relative

increase due to removal of cell contents. The crude protein was

about two percent greater in samples from the unsprayed plots which

indicated an increase due to feeding injury. This might have been a

relative increase caused by the removal of cell contents. However,

this could not be stated with certainty, since crude protein includes

portions of the cell contents as well as portions of the cell-wall con-

stituents (Van Soest and Moore, 1965). The overall impact of feeding

injury by L. hesperius was a decrease in forage yield and a decrease

in the nutritive value of the forage due to the reduction of the percent

cell contents. Together these factors represented about an 18 per-

cent loss in forage production.

Since the wheatgrass was only about half grown when the first

forage samples were taken, the plots at Site 2 were sampled again

on July 31, when the wheatgrass was near maturity. The dry weight

yield, percent crude protein, and percent cell-wall constituents of
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the samples were determined, but the acid-detergent fiber and ash

analyses were omitted, since they only represented relative changes

due to changes in the percent cell contents. The dry weight yield

was about 2 1/2 times greater on July 31 than it had been on May 22.

The differences in yield and percent crude protein between sprayed

and unsprayed plots were not significant on July 31, but there was a

significant difference (P <0.05) in the percent cell-wall constituents

(Table 8) (see Appendices 8 to 10 for data and analysis of variance

tables). The percent cell-wall constituents was about two percent

greater in samples from the sprayed plots which indicates that a

slight decrease in the nutritive value of the forage persisted long

after feeding by L. hesperius had ended. Thus, after adults of L.

hesperius had died the wheatgrass in the unsprayed plots continued

to grow so that at maturity there was no significant difference in

yield from sprayed and unsprayed plots and only a two percent differ-

ence in the percent cell contents.

Another test was conducted at Site 1 to determine the effect of

feeding injury by L. hesperius at densities greater than the natural

density. On April 26, three of the plots were sprayed with Cygon*Z-E

to serve as checks and the additional nymphs were added to the un-

sprayed plots two days later to increase the density of L. hesperius

by 10, 50, 100, and 200 nymphs per square foot. The natural density

of L. hesperius was estimated at 50 nymphs per square foot from



Table 8. Mean yield, percent crude protein, and percent cell-wall constituents of wheatgrass from
sprayed plots and unsprayed plots at Site 2 on July 31, 1972.

Dry weight** Crude** Cell-wall*
Yield Protein Constituents

(grams/9. 6 ft2) (%) (%)

Sprayed plots 247 4.37 60.85

Unsprayed plots 244 4.55 62.39

*Significant at P < 0. 05.

**Not significant
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five ground-area samples taken at the beginning of the experiment

and another plant bug, Irbisiapacifica Uhler, was present at a density of

two nymphs per square foot. The wheatgrass in the plots which had

the densities of L. hesperius increased by 100 and 200 nymphs per

square foot was injured as severely as the wheatgrass shown in

Figure 6. However, there was no visible difference between wheat,

grass injured by the natural density of L. hesperius and wheatgrass

in the sprayed plots.

Forage samples were taken from the plots at Site 1 on May 18,

and the dry weight yield, percent crude protein, and percent cell-

wall constituents were determined (Table 9). There were significant

differences in yield and percent cell-wall constituents (P <0.05)

among forage samples from plots with different densities of L,

hesperius , but the differences in percent crude protein were not

significant (see Appendices 11 to 13 for data and analysis of variance

tables).

The yield decreased as the density of L. hesperius increased

which indicates a decrease in forage production due to feeding injury,

The percent cell-wall constituents increased as the density of L.

hesperius increased which indicates a decrease in percent cell con-

tents and therefore a decrease in the nutritive value of the forage due

to feeding injury. Linear regression of yield and percent cell-wall

constituents on the density of L. hesperius was used to find the



Table 9. Mean yield, percent cell-wall constituents, and percent crude protein of intermediate
wheatgrass on plots exposed to feeding by different densities of Labops hesperius.

Density of
L. hesperius

Dry weight*
Yield

(grams /0. 96 ft2)

Cell-wall*
Constituents

(%)

Crude**
Protein

(%)

Check (0/ft 2) 22.5 66. 32 10.38

Natural density (50/ft2) 15.9 68. 09 10. 60

Natural density + 10/ft2 13.8 _*** __***

Natural density + 50/ft2 13.2 70.9 7 10.81

Natural density + 100 /ft2 11.1 73. 61 10. 99

Natural density +200/ft2 13.7 71. 80 10.00

*Significant at P < 0. 05.
**Not significant.

***Data missing.
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correlations between these variables. Although the regressions

were significant (P <0.05), the correlations between yield and density

of L. hesperius (R2 =0. 21) and between percent cell-wall constituents

and density of L. hesperius (R2=0.31) were low and indicated that

little of the variation in these variables could be explained by changes

in the density of L. hesperius. Therefore the regression equations

were not suitable for the estimation of the decrease in yield or percent

cell contents from the density of L. hesperius. However, this test

confirmed the general results obtained from the previous experiment

with the natural density of L. hesperius and indicated that feeding

injury reduced the yield and the nutritive value of the forage by re-

moving the cell contents.

Attempts to Control Labops hesperius

Insecticide

In June, 1970, the U. S. Forest Service applied technical

malathion at the rate of eight ounces per acre to 400 acres at Site 3

to control L. hesperius. Part of the infested area was left unsprayed

to serve as a check. Four locations were sampled before spraying

and the area to be sprayed and the check area had about the same

density of L. hesperius with an average of 27 nymphs and adults per

25 sweeps. L. hesperius was not found in the sprayed plot after
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treatment with malathion (Kamm, unpublished data).

In 19 72 L. hesperius was present in both the sprayed and the

unsprayed areas. The feeding injury to grasses varied from negligible

to severe in both the sprayed and unsprayed areas and there was no

obvious difference in the amount of forage in these areas. The adults

of L. hesperius were sampled along parallel transects through the

sprayed and unsprayed areas on June 5, 1972. The data (Table 10)

was analyzed using the Wilcoxon two-sample test and it was concluded

that there was no significant difference (P <0. 05) in the density of

L. hesperius between the unsprayed area and the area sprayed in

1970.

Field Burning

Field burning to destroy the eggs and nymphs of L. hesperius

and the straw used for oviposition was tried by the owner of a field

of wheatgrass infested with L. hesperius. Portions of the field were

burned in early April, 1972, and most of the straw was destroyed

without damage to crowns of wheatgrass. Ground-area samples were

taken along parallel transects through burned and unburned areas in

April, May, and June, to estimate the density of L. hesperius. Den-

sities of all stages were much less in the burned area than in the

unburned area (Table 11). Clearly, burning destroyed nearly all

eggs and emerging nymphs and also eliminated most of the straw



Table 10. Density of adults of Labops hesperius on June 5, 1972, in rangeland sprayed with malathion
in June, 1970, and in an unsprayed check area.

Sample No.
Sprayed Unsprayed

(adults /0.96 ft2) (adults /0.96 ft2)

1 9 17

2 9 8

3 2 6

4 2 6

5 2 3

6 0 0

7 0 0

8 0 0

9 0 0

10 0 0

Mean 2,4 4.0

rn
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Table 11. Effect of field burning in early April on the density of Labops hesperius in April, May,
and June.

2
Number of nymphs per sample (0. 96 ft ) on April 25, 1972

Sample No. Burned Unburned

1 0 30
2 2 20
3 0 3

4 0 131
5 0 3

6 0 50

Me an 0.3 40

Number of fifth instars per sample (0. 96 ft
2)

on May 4,

Burned

1972

UnburnedSample No.

1 19 99
2 0 75
3 0 188
4 0 41
5 14 59

Mean 7 92

Number of eggs_per sample (0. 96 ft2) on June 29, 1972

Sample No. Burned Unburned

1 0 33
2 5* 17

3 0 18

4 7* S8**
5 0 24**

Mean 2 30

*All 12 eggs from burned area were in straw of bulbous bluegrass.
**Five and 14 eggs from samples 4 and 5 respectively were in straw of bulbous bluegrass,
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that the females use for oviposition. The only eggs found in the

burned area in June were in straw of bulbous bluegrass which grew

after the field was burned. However, the smaller number of oviposit-

ing females in the burned area could have been responsible for the low

number of eggs and the effect of burning on the number of eggs laid

was uncertain.

Removal of a Hay Crop

Further observations were made to determine the effect of

straw removal on the population density of L. hesperius . In July,

1971, a hay crop was removed from a 40 acre field of intermediate

wheatgrass and pubescent wheatgrass adjacent to Site 2 which was

left undisturbed. These two fields were sampled along parallel tran-

sects (200 ft. apart) in May and June, 1972, to estimate the number

of adults present and the number of eggs laid. The Wilcoxon two-

sample test indicated that there were significantly fewer adults

(P < 0.05) in the field which had a crop of hay removed (Table 12).

The number of eggs was not significantly different (P <0.05) between

the two fields, but nearly half of the eggs in the samples from the

field used for hay production were found in the straw of bulbous

bluegrass which had grown during the season after hay was removed

from the field. The presence of bulbous bluegrass obscured any

effect that hay removal might have had on the amount of straw
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Table 12. Effect of cutting and removal of a crop of wheatgrass hay in 1971, on the density of
Labops hesperius in 1972.

Number of adults per sample (0.96 ft
2)

on May 20,

Hay removed, 1971

1972

Undisturbed wheatgrassSample No.

1 34 64
2 22 14

3 53 21

4 17 46
5 21 35
6 10 41

7 15 34

8 23 38

9 7 26
10 5 32
11 8 41

12 30 131

Mean 20 44

Number of eggs per sample (0. 96 ft
2

) on Tune 14, 1972

Sample No. Hay removed,. 1971 Undisturbed wheatgrass

1 0 89
2 148* 132
3 0 79
4 48 762
5 30 90

Mean 45 230

*
Includes 107 eggs found in two straws of bulbous bluegrass.
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available for oviposition.

Grazing

The effect of heavy grazing on the density of L. hesperius

was studied at Site 1. In June, 1971, three 50 ft. by 50 ft. plots

were fenced and one horse was placed in each plot from June 13 to

June 20. Grazing by the horses removed all of the green forage

from the plots while trampling broke up the matted straw cover.

In April, 1972, four ground-area samples were taken to determine the

density of nymphs in these plots and four samples from wheatgrass

adjacent to the plots were used as checks. The density of nymphs was

two per 0.96 sq. ft. in the grazed plots and 62 per 0.96 sq, ft.

outside the plots. Trampling by the horses probably destroyed

many of the eggs laid in the plots in 19 71, but the trampling and

grazing also killed much of the intermediate wheatgrass. This per-

mitted annual grasses and weeds to become established in the grazed

plots. Rattlesnake chess (Brornus brizaeformis Fisch. and Mey. ),

rye (Secale cereale L. ), and barley were abundant in the grazed plots,

but were rare outside the plots. Knapweed (Centaurea sp. ) and

mustard (Brassica sp.) were found in the plots but were not present

outside the plots. Future grazing trials should approximate actual

grazing practices to avoid the excessive trampling that changed the

plant cover.
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DISCUSSION

Labops hesperius is well adapted to the cold, arid rangelands

in eastern Oregon. Nymphs began to emerge in late March when the

grass at the study sites was just beginning to grow and the nymphs

withstood cold weather and snow without noticeable mortality. Ground-

area samples proved to be the best method of sampling the populations

of L. hesperius because the nymphs were usually hidden beneath the

straw and could not be collected as efficiently by other techniques.

Adults began to emerge about May 1, and the peak emergence period

occurred during the first two weeks of May. The preoviposition

period of the females lasted about two weeks and although adults were

present until about June 28, most of the eggs had been laid by June 15.

The eggs remained dormant until March of the following year. Thus

the active period was completed in about 2 1/2 months and the egg

diapause lasted about 9 1/2 months. The short active period per-

mitted development and reproduction within the short growing season

of the grass. Diapause in the egg permitted survival through the dry

summer and cold winter.

Temperature is probably a critical factor in the egg diapause

of L. hesperius. Diapausing eggs did not complete development when

exposed to outdoor temperatures (mean 7°C) for three months and

then incubated at 21 ° C, The egg diapause of another plant bug,
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Leptopterna dolobrata (L. ), lasted about 9 months and at constant

temperatures complete development of the egg occurred only between

10° C and 16°C due to different temperature requirements during

different phases of diapause (Braune, 1971). A six-month phase

that Braune called the mesodiapause (from July to January) could

not be shortened by any temperature regime from -1°C to 16°C.

This obligatory diapause synchronizes the emergence of the nymphs

with the growth of the host plants (Braune, 1971), but it also makes it

virtually impossible to terminate diapause prematurely in the labor-

atory. -The egg diapause of L. hesperius is probably similar to that

of L. dolobrata.

Wheatgrasses were the most common feeding hosts of L.

hesperius and the largest numbers of L. hesperius were found in

dense stands of intermediate wheatgrass. Introduced wheatgrasses

such as intermediate wheatgrass and crested wheatgrass were highly

productive in Oregon rangeland and grew throughout the active period

of L. hesperius. Thus they provided ample food and undoubtedly

contributed to the development of dense populations of L. hesperius.

Other species of grass were fed upon, but none of these grasses

was as productive or as severely damaged by L. hesperius as the

wheatgrasses, Some grasses such as bulbous bluegrass and cheat-

grass grew only during part of the active period of L. hesperius and

these grasses did not provide enough food for complete development
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of the insect.

Bulbous bluegrass was preferred to other grasses as an oviposi-

tion site and may contribute to the dense populations of L, hesperius

at the study sites in Baker County by providing a favorable site for

egg deposition, Intermediate wheatgrass, crested wheatgrass, and

bluebunch wheatgrass were also readily used for oviposition. Idaho

fescue and cheatgrass were rarely used for oviposition even when

they were the only oviposition material available to females.

Females oviposited almost exclusively in old, dry straws and

preferred to oviposite above the distal node of a culm of grass. Ovi-

position in dry straws does not appear to be common among plant

bugs. Four other species that feed on grasses, Notostira erratica

(L. ) and Trigonotylus ruficornis (Geofr. ) (Kullenberg, 1946) and

Miris dolobratus (Linn. ) and Amblytus nasutus (Kirschbaum) (Jewett

and Townsend, 1947), oviposited in grasses that were still green and

appeared to avoid dry straws as oviposition sites. The habit of ovi-

positing in old straws is important to L. hesperius because its repro-

ductive life ends before some of its host plants have produced stems

suitable for oviposition.

At one of the study sites in Baker County L. hesperius reached

a peak density of 63 nymphs and adults per 0.96 sq. ft. and averaged

21 eggs per female. At the other study site the peak density was 121

nymphs and adults per 0.96 sq. ft. with an average of nine eggs per
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female. Thus the first site had a lower density of L. hesperius ,

but each female produced about twice as many eggs. The feeding

injury on the grass at the second site was much more severe than

that on the grass at the first site and a shortage of food for the females

was probably responsible for the small number of eggs produced at

the second site. If this were the case then heavy grazing before the

adults emerged might reduce the food supply of the adults and thus

decrease the number of eggs produced. If a shortage of food were

responsible for the smaller number of eggs per female, then the

population of L. hesperius must have been near the maximum density

that the field could support. In this case the 18 percent loss of

forage production that occurred due to feeding injury would also be

near the maximum for this stand of wheatgrass. However, on sparser

stands of wheatgrass an equivalent decrease in forage prod uction could

be produced by smaller numbers of L. hesperius.

The first indication of an infestation of L. hesperius was the

appearance of white spots on the leaves of grasses caused by the

feeding activity of nymphs. The best technique for detecting infesta-

tions of L. hesperius during the nymphal period was to find the white

spots on the leaves and then search for nymphs in the straw and on

the ground. In early spring infestations could easily be overlooked

when sweeping during daylight because most nymphs were beneath

the straw. However, infestations could be detected quite easily by
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sweeping at night because the nymphs were feeding on the leaf blades

of the grasses.

Feeding injury by L. hesperius reduced the yield and nutritional

value of wheatgrass by removing the cell contents from the leaves.

The percent crude protein was increased due to feeding by L.

hesperius, but this might have been a relative increase caused by

the removal of cell contents. However, Rautap4a (1970) reported an

increase in the percent protein of grains of wheat fed upon by

Leptopterna dolobrata (L. ) and suggested that the percent protein

increased because L. dolobrata interfered with development of the

grain. In May forage production was reduced 18 percent due to

feeding injury by L. hesperius However, this measurement of

forage loss did not include the effect of feeding injury on the diges-

tibility or intake of forage by livestock. Digestibility and intake would

probably be reduced if they were affected by feeding injury. It is

known that forage intake tends to decrease as the percent cell-wall

constituents of the forage increases (Van Soest, 1965). However,

it would be necessary to conduct feeding trials with animals to deter-

mine whether feeding injury by L. hesperius affected digestibility

and intake by livestock.

The 18 percent loss of forage production in May, represented

the maximum loss during one year. However, the wheatgrass had

attained less than half of its full growth in May and when the grass
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had reached maturity in July, there was only a slight loss in forage

production (about two percent). Two factors were probably involved

in the change in the loss of forage production from 18 percent in May

to only two percent in July. Wheatgrass that had been fed upon by

L. hesperius continued its growth after feeding injury had ended.

Also, as the grass approached maturity there would be a natural

decrease in the nutritional value of both injured and uninjured grass.

The wheatgrass continued to grow after the feeding injury by

L. hesperius ended because rainfall in June provided the necessary

moisture. Thus feeding injury caused a substantial decrease in

forage production when feeding injury was most severe, but caused

only a slight loss in total forage production for the year. However,

in drier rangelands such as those in Malheur County, Oregon, a lack

of moisture would often prevent the continued growth that occurred in

Baker County, and then the loss of forage production due to feeding

injury by L, hesperius would represent a greater percentage of the

total forage production.

It would be advantageous to the livestock producer to reduce

the forage loss due to feeding injury by L. hesperius, but economic

considerations limit the alternatives that are available as controls.

For example, the cost of aerial application of malathion, which de-

pended on the size and location of the pasture, was $1.80 to $3. 00

per acre in 1973 and rangeland comparable to the study sites in
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Baker County was rented for about $13.00 per acre per year. There-

fore in many cases the cost of treatment would have been greater than

the value of the forage saved, since feeding injury by L. hesperius

only reduced forage production by 18 percent. However, if an insec-

ticide treatment prevented damage by L. hesperius for more than

one year it might be justified under current economic conditions.

Field burning, removal of a hay crop, and heavy grazing showed

some potential for reducing densities of L. hesperius by reducing the

density of overwintering eggs and these cultural practices would be

more economical than clemical control. However, under current

regulations field burning will not be permitted in Oregon after 1975

and removal of a hay crop would only be feasible in ranges with high

productivity and smooth terrain. Grazing would be quite practical,

since it would involve only slight modification of existing range man-

agement practices. This technique would involve intense grazing in

late spring or fall to remove the stems used for oviposition or intense

grazing in early spring to reduce the amount of food available for

adults of L. hesperius. Late spring or fall grazing is intended to

reduce the density of overwintering eggs by destroying eggs and

oviposition sites and early spring grazing is intended to reduce the

number of eggs produced by females by limiting their food supply.

The grazing trial, the study of oviposition habits, and the estimates

of egg production at the study sites suggest that these two grazing
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methods might reduce the density of overwintering eggs.

The success of grazing as a method of reducing densities

of L. hesperius would depend on the level of grazing that the grass

stand would tolerate and on the ability of L. hesperius to oviposite

in material other than its preferred oviposition sites. In a ten year

study in Colorado grazing of crested wheatgrass to a uniform stubble

height of one inch decreased the amount of straw and litter but did

not reduce forage production (Currie, 1970). Thus crested wheat-

grass tolerated grazing that was quite severe. However, the presence

of bulbous bluegrass could reduce the effectiveness of grazing as a

control method because bulbous bluegrass matures earlier than

wheatgrasses and would then be unpalatable to livestock and because

straw of bulbous bluegrass is found and used for oviposition even when

it is very scarce.
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SUMMARY AND CONCLUSIONS

In eastern Oregon the habitats of L. hesperius ranged from arid

sagebrush-grass communities to mountain parks near the timberline.

Wheatgrasses were the most frequently observed host plants, but

many species of grass were fed upon by L. hesperius. The greatest

density of L. hesperius was found in ungrazed rangeland seeded to

intermediate and pubescent wheatgrass where a density of 121 nymphs

and adults per 0.96 sq. ft. was recorded.

Nymphs began to emerge at two sites in Baker County during

the third and fourth weeks of March, respectively, and each of the

five nymphal stadia lasted about one week. Small nymphs were pri-

marily nocturnal feeders and during the day they remained hidden

beneath the straw. Fifth instars and adults fed nocturnally and

diurnally. Adults began to emerge about May 1, and females had

a preoviposition period of about two weeks. Adults were present

until about June 28, but most eggs had been laid by June 15. The

mean number of eggs per female was estimated to be twenty-one at

one study site and nine at the other. The eggs remained dormant until

March of the following year and thus the active period was completed

in about 2 1/2 months and the obligatory egg diapuase lasted about

9 1 /2 months.

Eggs were laid almost exclusively in dry straws. The straw

of bulbous bluegrass was preferred to other species of grass for
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oviposition, but the straw of wheatgrasses was also readily used for

oviposition. Females preferred to oviposite between the distal node

and the inflorescence of a culrn of grass.

Improved rangelands seeded to wheatgrasses provided an excel-

lent habitat for the increase of L. hesperius. Crested wheatgrass and

intermediate wheatgrass began their growth in early spring and pro-

vided food throughout the activity period of L. hesperius as well as

providing straw which was acceptable for oviposition. Wheatgrasses

were also highly productive and provided ample food for large num-

bers of L. hesperius.

Injury to wheatgrass by L. hesperius was most severe in May,

and produced an 18 percent reduction in forage production. However,

late spring rains permitted continued growth of wheatgrass after

adults of L. hesperius had died and when wheatgrass had reached

maturity in late July, only about a two percent reduction in forage

production remained.

Field burning, removal of a hay crop, and grazing were investi-

gated as methods to control L. hesperius by reducing the density of

overwintering eggs. Each of these methods showed some potential

for reducing the density of overwintering eggs. Insecticidal control

did not appear to be economical, since the return per acre from

rangelands was small and since frequently the cost of treatment would

have been greater than the value of the forage lost to L. hesperius.
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Appendix 1. Number of Labops hesperius per 0. 96 sq. ft. in weekly samples from Site 1.

Nymphs Nymphs and Adults
Mar. Mar. Apr. Apr. Apr. Apr. May May May
22 31 6 13 19 26 3 10 17

O 0 80 25 84 9 32 35 12

2 1 30 35 73 36 24 24 11

O 0 44 17 87 75 .5 52 11

3 2 14 172 9 59 32 6 2

O 105 56 11 11

X 1 1 42 62 63 57 30 26 9

1 1 28 74 37 37 18 19 4

Adults Eggs

May June June June June June August
25 1 7 14 21 28 2

6 4 6 2 1 0 172
1 1 1 1 0 0 399
2 2 0 0 0 0 94

4 0 0 0 0 0 54
O 0 5 0 0 0 128

3 1 2 1 < 1 169

s 2 2 3 1 < 1 136



Appendix 2. Number of Labops hesperius per 0.96 sq. ft. in weekly samples at Site 2.

Nymphs Nymphs and Adults

April 4 April 13 April 20 April 27 May 4 May 11 May 18 May 24

141 85 123 148 105 82 33 21
61 78 85 100 20 42

- 95 103 218 63 49 11
- - 92 40 97 59 30 38

- 26 153 107 93 34 16

- - 79 104 121 79 33 26

37 48 55 18 10 14

Adults

Lune 1 1.12.ne 7 Itane14 une 22 June 28
12 11 9 2 0
7 9 10 0 0

29 10 13 0 0
6 4 8 0 0

14 5 1 0 o

3c 14 8 8 < 1

9 3 4 < 1

Ettgs

August 4
144
366

85
95

100

158

119

Co0
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Dry weight yield (grams/9. 6 sq.. ft. ) of wheatgrass from
unsprayed plots infested with the natural density of
Labops hesperius and from sprayed plots with no L.
hesperius. Forage samples removed from Site 2 on
May 22, 1972.

A. Data

Block

Treatments
Unsprayed Sprayed

plots plots

1

2

3

4

5

6

7

8

B. Analysis of variance
Source df

83.5
69. 0
71.0

92. 0
86. 0
71. 0

71.5
72. 0
80. 0

69. 0
108. 0

70. 0

87. 0
70.5
93. 0

91.5
63.5
83. 0

109. 0
134.0
103. 0

87. 0
97. 0

105.5

SS MS

148. 0
119. 0
137. 0

83. 0
110. 0
86. 0

111. 0
103. 0
72. 0

74. 0
63. 0
70. 0

85.0
86. 0

101. 0

83, 0
79. 0

105.5

139. 0
117, 0
99. 0

97.5
106. 0
107.5

TREATMENTS 1 2060. 6302 2060. 6302 7. 480*
BLOCKS 7 7523, 3698 1074. 7671 3. 901*
ERROR 39 10744. 2488 275. 4934

TOTAL 47 20328. 2448

*Significant at P< 0, 05
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Appendix 4. Percent crude protein of wheatgrass from unsprayed
plots infested with the natural density of Labops
hesperius and from sprayed plots with no L. hesperius.
Forage samples removed from Site 2 on May 22, 1972,

A. Data

Block

1

3

4

5

6

7

8

B. Analysis of variance
Source

TREATMENTS
BLOCKS
ERROR

TOTAL

Unsprayed
plots

Treatments
Sprayed

plots

14.32 11.75
15.60 12.29
15.96 11.80

12.68 10.92
11.73 12,00
11.41 10.39

12.25 10.24
12.50 11.70
12.15 12.26

13.55 10.14
11.55 11,49
12.53 9.96

13.40 10.48
11.99 10.09
10.60 9.93

10.27 9. 59
10.84 10.25
11,91 9.20

14.08 11.23
14.62 12.10
13.37 11.90

14.19 14,60
13.75 13.71
13.55 12.67

df SS MS

1

7

39
47

30.2578
62.7676
29.2262

122.2515

30.2578
8.9668
.7493

40.381*
11.967*

*Significant at P< 0.05
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Appendix 5. Percent cell-wall constituents of wheatgrass from un-
sprayed plots infested with the natural density of Labops
hesperius and from sprayed plots with no L, hesperius.
Forage samples removed from Site 2 on May 22, 1972.

A. Data

Block

1

3

4

5

6

7

8

B. Analysis of variance

Source

TREATMENTS
BLOCKS
ERROR

TOTAL

Unsprayed
plots

Treatments
Sprayed
plots

71.10
66.79
67.37

69. 89

61, 75
62.84
59, 96

60. 97
70.67 62.77
71,09 61,05

65.12 63. 97
68.95 61.68
67.55 60. 33

65.52 62.91
68.70 61.79
67.10 6Z. 51

66. 05 64.56
69.96 61.60
64. 97 63. 94

68.66 60,70
69.33 59. 32
68.66 63. 43

69.37 65,17
69.14 61.84
69.23 62.76

68.36 62.68
68.22 60. 99
67.90 62.01

df SS MS

1 467.9378 467,9378 169, 623*

7 15.9334 2.2762 . 82 5
39 107. 5924 2, 7587
47 591. 4637

*Significant at P< 0.05
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Appendix 6. Percent acid-detergent fiber of wheatgrass from un-
sprayed plots infested with the natural density of Labops
hesperius and from sprayed plots with no L. hesperius.
Forage samples removed from Site 2 on May 22, 1972,

A. Data

Block

1

2

3

4

5

6

7

8

B. Analysis of variance
Source

TREATMENTS
BLOCKS
ERROR

TOTAL

Unsprayed
plots

Treatments
Sprayed

plots

39. 87 34. 04
35.87 34. 57
37.15 34. 76

39.30 33. 84
38,91 33.12
38.62 34. 54

40. 78 35. 72
41.15 32.13
38. 94 32. 66

36.58 34.33
36.92 31.23
36.38 32. 69

38. 66 34. 08
41.23 32.01
41.52 35. 04

40.39 35.59
40.18 34.39
38. 82 38.46

42.34 39. 01
41.71 37. 73
41.96 37.22

38, 56 36.43
40.25 35.17
39. 07 36,37

df SS MS F
1 252.2209 252.2209 136. 078*
7 101. 4835 14. 4976 7. 822*

39 72.2873 1.8535
47 425.9917

*Significant at P < 0. 05.
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Appendix 7. Percent ash of wheatgrass from unsprayed plots infested
with the natural density of Labops hesperius and from
sprayed plots with no L. hesperius. Forage samples
removed from Site 2 on May 22, 1972.

A. Data

Block
Unsprayed

plots

Treatments
Sprayed

plots
1 10.65 11.82

10. 64 9.87
10.98 9.96

2 11.07 10,05
10. 70 10.17
10.94 10.79

3 10.33 10.39
11. 58 10.19
11;11 10. 55

11.42 11.04
10. 55 11.15
11.09 11.17

5 10. 96 10.65
10.94 10.83
11.91 10.16

6 10.97 10.73
12.2,3 10. 82
11.45 11.43

7 11.73 11. 52
11.58 12.06
12.12 11,29

8 10.98 11.69
11.89 10. 42
11.36 11. 52

B. Analysis of variance
Source df SS MS F

TREATMENTS 1 1. 6539 1,6539 7. 334*
BLOCKS 7 6,2950 , 8993 3.988*
ERROR 39 8. 7964 .2255

TOTAL 47 16. 7453
*Significant at P< 0.05.
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Appendix 8, Dry weight yield (grams /9, 6 sq, ft, ) of wheatgrass from
unsprayed plots infested with the natural density of
Labops hesperius and from sprayed plots with no L.
hesperius, Forage samples removed from Site 2 on
July 31, 1972.

A. Data

Block
1

2

3

4

5

6

8

B. Analysis of variance
Source df

TREATMENTS 1

BLOCKS 7
ERROR 39

TOTAL 47

Unsprayed
plots
220.0
290.0
267.5

291.0
266.0
214.0

266.5
210.0
214.5

174.0
173.0
246.0

181.0
213.0
185.0

247.0
264.5
258.0
275.5
287.0
280,0

284.0
304.0
239.0

Treatments

SS
99.1875

44818.2500
52615.9792
97533.4167

Sprayed
plots
324.0
355.5
308.0

177.0
207.0
218.0

243.5
233.0
246,0

201.0
236.0
224.0

220.0
188.0
210.0

260,0
2,32.0
282.0

304.0
228.0
203.0

285.5
186.5

347.5

MS
99.1875

6402.6071
1349.1276

F
.074

4,746*

*Significant at P< 0.05.
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Appendix 9. Percent crude protein of wheatgrass from unsprayed
plots infested with the natural density of Labops hesperius
and from sprayed plots with no L. hesperius. Forage
samples removed from Site 2 on July 31, 1972.

A. Data

Block
1

3

4

5

6

8

Treatments
Unsprayed Sprayed

plots plots
4. 30 5, 17
5. 44 4. 12
4.24 3.49

4.14 3, 58
4.41 3. 72
3.94 3.51

5.87 4. 69
4.22 4.21
3.55 5.04

4,41 4. 48
5.16 4.21
4. 08 4.22

4.16 4.27
5.25 6.18
4. 52 4,12

4.35 4,16
4,41 4.65
6.30 4.10

3.73 3.17
3.82 5.87
5.21 4. 62

6.81 4.23
3.93 4.85
2.96 4,30

B. Analysis of variance
Source df SS MS F*

TREATMENTS 1 .3763 .3763 . 544
BLOCKS 7 2, 8988 . 4141 . 599
ERROR 39 26.9531 .6911

TOTAL 47 30.2281
*Not significant (P< 0.05)
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Appendix 10. Percent cell-wall constituents of wheatgrass from un-
sprayed plots infested with the natural density of
Labops hesperius and from sprayed plots with no L.
hesperius. Forage samples removed from Site 2 on
July 31, 1972,

A. Data

Block
1

2

3

4

5

6

7

8

Treatments
Unsprayed Sprayed

plots plots
64,29 60.72
61.97 62.26
61.05 60,33

61.89
61.57
60.37

60.89
60,66
62.67

65.02
61,26
61.62

64.19
63.73
63.49

64.88
63.02
64.62

60.22,
60.16
63.78

59.69
63.44
62.92

61.06
54,54
58.60

61,46
62.05
61.23

62.79
59.94
62.26

59.71
61.95
59.22

60.23
62.06
61.94

59.78
59.90
61.95

63.04
61.53
61.74

B. Analysis of variance
Source df SS MS F

TREATMENTS 1 28.6907 28. 6907 11. 385*
BLOCKS 7 37.7554 5,3936 2.140
ERROR 39 98.2852 2.5201

TOTAL 47 164.7312
*Significant at P< 0.05



Appendix 11. Dry wieght yield of intermediate wheatgrass (grams/0. 96 sq. ft. ) from plots with
different densities of Labops hesperius. Samples taken at Site 1 on May 18, 1972.

A. Data

L. hesperius density: Check

(0/ft2)

Natural
density

(50/ft2 )

Treatments
Natural
density

+100/ft2

Natural
density

+2 00/,ft2

Natural
density

+10/ft2

Natural
density

+50/ft2Block
1 20.0 22.0 13.0 13.0 15.0 17.0

13.0 14.5 11.0 14.0 9.0 16. 0
26.5 12.0 10.0 16.0 15.0 18.0

2 21.0 11.5 18, 5 13.0 11.0 16. 0
32,0 18.0 9.0 15.0 14.5 18.0
21.0 16.0 20.0 10.0 9. 0 11, 5

3 28.5 14.0 12.5 18.0 12.0 11.0
20.0 15.0 15.0 11.0 7.0 6.5
20.5 20.0 15.0 8,5 7.5 9.0

B. Analysis of variance
Source df SS MS

TREATMENTS 5 709.1481 141. 8296 8.963*
BLOCKS 2 33. 9259 16.9630 1.072
ERROR 46 727. 9074 15. 8240

TOTAL 53 1470. 9815

*Significant at P< O. 05.



Appendix 12. Percent crude protein
Labops hesperius.

of intermediate wheatgrass from plots with different densities of
Samples taken at Site 1 on May 18, 1972.

A. Data
Treatments

L. hesperius density: Check Natural Natural Natural Natural
density density density density

Block (0/ft2) (50/ft2) +50/ft2 +100/ft2 +200/ft2

1 12.16 10.99 10.14 9.64 8.35
11.20 9.10 8.33 9.09 8.32

8.80 9.10 11.90 10.42 10.04

7.83 10.14 10.75 10.10 11.02

3 11.11 13.18 11.07 13.72 11.78

11.17 11.10 12.66 12.95 10.50

B. Analysis of variance
Source df SS MS

TREATMENTS
BLOCKS
ERROR

TOTAL

4
2

23
29

3.5405
28.4851
36.4119
68.4375

.8851
14.2426
1.5831

.559
8.997

*Significant at P< 0.05.



Appendix 13. Percent cell-wall constituents
densities of Labops hesperius.

of intermediate wheatgrass from plots with different
Samples taken at Site 1 on May 18, 1972.

A. Data
Treatments

L. hesperius density: Check Natural Natural Natural Natural
density density density density

Block (0/ft2) (50/ft2) +50/ft2 +100/ft2 +200/ft2

1 64.79 69.21 72.06 72.96 66.81

68.49 67.04 69.25 76.91 72.60

2 68.43 68.73 69.86 69.36 66.43

69.90 66.96 70.80 71.46 72.40

3 64.90 69.26 74.85 75.72 77.47

61.42 67.34 69.02 74.85 75.06

B. Analysis of variance
Source df SS MS

TREATMENTS 4 202.7892 50.6973 5.669*
BLOCKS 2 12.3697 6.1848 .692
ERROR 23 205.6879 8.9429

TOTAL 29 420.8469

*Significant at P< 0.05.


