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Biological attributes and alteration of the habitat of Labops

hesperius Uhler were investigated on rangeland seeded to crested

wheatgrass near Vale, Oregon, and on rangeland seeded to crested

and intermediate wheatgrass near Seneca, Oregon. Nymphs and

adults were present at Vale from late March until mid-June and at

Seneca from early April until late June or early July.

Females at the Vale site preferred to oviposit in dry culms of

crested wheatgrass and in Sandberg's bluegrass but they also ovi-

posited in cheatgrass and green calms of crested wheatgrass.

Females at a Seneca site oviposited in green intermediate wheat-

grass. Population density at the Vale site was positively correlated

with the total weight of dry wheatgrass and ground litter present at

different locations because the straw provided oviposition sites or



protection for the bugs.

The obligatory egg diapause was investigated by subjecting eggs

collected in September to different temperature treatments in the

laboratory. Diapause was terminated after a minimum of 60 days

exposure to 3° or 9° C and about two weeks incubation in I5°C and

16-hour photophase. Eggs survived temperatures as low as -15° C,

and one temperature treatment resulted in 87% hatch. A 30 day

acclimation temperature of 9° or 3° C before exposing the eggs to

3o or -15°C, respectively, resulted in a higher egg-hatch percentage.

Egg diapause in L. hesperius differed from that in other mirids

because the embryo of the former diapaused at a more advanced stage

of embryogenesis.

Sticky traps, pitfall traps, and a marking technique were used

to study dispersal capabilities of L. hesperius at the Vale site. The

bugs were capable of moving 7. 8 meters by walking on the ground

and 23. 2 meters by a combination of flying and walking. The bugs

could perceive red, yellow, and blue traps, but not white traps, at

an altitude of 1. 52 meters, which was the common flight altitude.

Macropterous females attained sexual maturity later than brachypter-

ous females indicating that the former are specialized for migration.

Males flew but the trap data did not indicate whether the nature of

their flight was dispersal or trivial. The low percentage of macrop-

terous females in the population might explain the slow dispersal rate



of L. hesperius. Another mirid, Irbisia brachycera Uhler, was also

captured in large numbers on sticky traps.

Feeding damage to wheatgrass plants was studied by visual

evaluation and chemical analysis of the damaged leaves. Chemical

analysis indicated that feeding damage caused a decrease in plant cell

contents but an increase in digestibility of the cell-wall constituents.

However, a damage level of only 25% caused a relative increase in

cell-wall constituents to an extent that would probably decrease the

voluntary intake of wheatgrass by ruminants.

Various range cultural and management practices were investi-

gated to determine whether they could be used to reduce the popula-

tion density of L. hesperius. Fertilizer treatments that included

nitrogen significantly increased the density of L. hesperius but none

of the fertilizer treatments significantly decreased the density. The

bug density did not increase in proportion to the increase in herbage

yield expected from fertilizing wheatgrass with nitrogen.

The herbicide Paraquat indirectly killed nymphs and adults of

L. hesperius by prematurely curing the wheatgrass which resulted

in starvation of the bugs. The egg density was also reduced because

the females starved to death before they were able to oviposit. Para-

quat reduced the herbage yield as expected but increased the quality

of the herbage. Prematurely curing wheatgrass with Paraquat will

be an economical method of controlling L. hesperius provided that



the spray can be timed to both reduce the bug population and increase

the feed value of the forage.

Mechanical removal of herbage during the egg stage reduced

the bug population density by directly destroying the eggs or by

exposing them to more harsh winter conditions or both. Mechan-

ical removal during the nymphal and adult stages did not directly

affect the population density since the bugs were able to find suffi-

cient food for survival in the stubble. However, mechanical removal

of herbage during the nymphal stages can reduce bug density in

populations that are relatively dense originally, and removal immed-

iately before oviposition prevents the females from laying eggs.

Field burning, hay crop removal, and grazing are cultural practices

that might control L. hesperius by mechanically removing the herb-

age. Hay crop removal, grazing during the nymphal and early adult

stages, and grazing during the egg stage should each prove useful

for controlling L. hesperius on different types of pasture infested

with bugs.



Biological Attributes and Alteration of the Habitat
to Manipulate Populations of

Labops hesperius Uhler
(Heteroptera: Miridae)

by

James Roderick Fuxa

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1975



APPROVED:

Redacted for privacy

Assistayt Professor of Entomology
in charge of major

Redacted for privacy

Chairman of Department of Entomology

Redacted for privacy

Dean of Graduate School

Date thesis is presented May 14, 1975

Typed by Opal Grossnicklaus for James Roderick Fuxa



ACKNOWLEDGMENTS

This study was supported by a National Science Foundation

grant, number GZ-1372, "Pest Population Ecology: An Inter-

University Training Program. "

I wish to express my sincere appreciation to the following

people who assisted me in this study:

My major professor, Dr. James A. Kamm, research entomolo-

gist, U. S. Department of Agriculture, for his guidance and advice

throughout this study.

My minor professor, Dr. Roger G. Petersen, Professor of

Statistics, for his comments and suggestions in the preparation of

this thesis.

Mr. Joseph Capizzi, Extension Entomology Specialist, for

his comments and suggestions in the preparation of this thesis.

Personnel of the Vale, Oregon, district office of the Bureau

of Land Management, especially Frank Noll, Dan Bricco, Phil

Rumpel, Bob Sherve, and Richard Arkan, for providing office space,

information, and the use of B. L. M. land for field studies.

Mr. William K. Farrell, Grant County Extension Chairman,

for information about the field study sites in Grant County.

Dr. Larry R. Rittenhouse, Assistant Professor of Rangeland

Resources, for the chemical analysis of forage samples.

My wife, Diann, for her patience and understanding and for

her assistance with some of the field work.



TABLE OF CONTENTS

INTRODUCTION

LITERATURE REVIEW

MATERIALS AND METHODS

Study Sites
Sampling Methods
Experiments on the Biology of Labops hesperius
Evaluation of Feeding Damage to Wheatgrass
Experiments on Alteration of the Habitat

of Labops hesperius
Statistical Methods

RESULTS

Biology of Labops hesperius
Description of Life Cycle
Egg Diapause
Oviposition Sites
Population Density Correlations
Trap Experiments
Wing-type and Sexual Maturity

Feeding Damage to Wheatgrass by Labops hesperius
Alteration of the Habitat of Labops hesperius

Fertilizer
Herbicide
Mechanical Removal of Grass and Straw

DISCUSSION

Biological Attributes
Feeding Damage
Alteration of the Habitat

SUMMARY AND CONCLUSIONS

BIBLIOGRAPHY

APPENDICES

1

3

7

9
10
16

17
22

23

23
23
26
29
31

34
44
44
50
50
52
57

63

63
69
71

77

80

84



LIST OF FIGURES

Figure Page

1. Sticky traps at site 1, near Vale, Oregon. 14

2. Experimental plots at site 1 on May 8, 1974. 20

Mean number of Labops hesperius per 0. 09 m2
in weekly samples at site 1. 24

4. Mean number of Labops hesperius per 0. 09 m2
in weekly samples at site 2. 25

5. Effect of different temperature treatments on the
egg diapause of Labops hesperius. 27

6. Percentage of Labops hesperius that survived at
different exposures to the environment on a hillside
at site 1.

7. Density of Labops hesperius vs. weight of green
culms of crested wheatgrass on five different
sample stations.

8. Density of Labops 1-2)E..i3.L vs. weight of dry culms
of crested wheatgrass on five different sample
stations.

32

33

35

9. Numbers of Labops hesperius and Irbisia brachycera
captured on sticky traps at different times of day. 37

10. Number of Irbisia brachycera captured on sticky
traps set at different heights. 42

11. Percentages of Labops hesperius males, brachypterous
females, and macropterous females captured at two
different experiment sites and in traps from two
experiments.

12. Wheatgra.ss damaged by Labops hesperius.

13. Mean number of Labops lies perig1 per 0. 09 m2 on
control plots and on plots with different fertilizer
treatments at site 2.

45

47

51



LIST OF TABLES

Table

1. Number of eggs of Labops hesperius found in straws
of two grass species at site 1.

2. Numbers of Labops hesperius and Irbisia brachycera
captured on sticky traps at site 1.

3. Numbers of Labops hesperius captured on sticky traps.

4. Mean number of Labops hesperius captured on different
height and color sticky traps. 39

5. Numbers of Irbisia brachycera captured on sticky
traps. 40

Page

30

36

38

6. Number of Labops hesperius marked and recaptured
in pitfall traps at various distances from a release
point.

7. Number. and percentage of females with mature eggs
at site 1.

8. Percent chemical constituents and digestibility of
crested wheatgrass damaged by feeding of Labops
hesperius.

9. Mean number of live Labops hesperius on unsprayed
plots and plots sprayed with Paraquat on April 30,
1974 at site 1.

10- Mean number of live Labops hesperius on unsprayed
plots and plots sprayed with Paraquat on May 13,
1974 at site 1.

11. Mean dry weight yield of crested wheatgrass from
unsprayed plots and plots sprayed with Paraquat at
site 1.

43

46

49

53

55

56

12. Mean number of live Labops hesperius on unsprayed
plots and plots sprayed with Paraquat at site 3. 58



Table Page

13. Mean dry weight yield of intermediate wheatgrass from
unsprayed plots and plots sprayed with Paraquat at
site 3.

14. Number of Labops hesperius on control plots and on
plots from which herbage was mechanically removed.

59

60



BIOLOGICAL ATTRIBUTES AND ALTERATION OF THE
HABITAT TO MANIPULATE POPULATIONS OF

LABOPS HESPERIUS UHLER
(HETEROPTERA: MIRIDAE)

INTRODUCTION

Labops hesperius Uhler is a plant bug native to semi-arid

rangelands of western North America. Populations of this insect

can cause feeding damage to range grasses such as crested wheat-

grass and intermediate wheatgrass to the extent of reducing yield

and quality of the herbage (Bohning and Currier, 1967; Todd and

Kamm, 1974). These two grasses have greatly increased forage

production on North America rangeland since being introduced from

Siberia. Crested wheatgrass has already been seeded to millions of

acres to replace sagebrush and native grasses and to rehabilitate

cultivated, burned, or overgrazed ranges (Currie, 1970; Douglass

and Hal lock, 1958). Thus feeding damage by L. hesperius is consid-

ered a possible threat to forage production on certain North American

rangeland.

Since the use of insecticide is often too expensive in relation

to the loss of forage attributed to L. hesperius alternative methods

such as cultural control need to be investigated. The egg stage,

including overwinter egg diapause, lasts more than nine months and

may be particularly susceptible to manipulation by cultural practices



(Todd and Kamm, 1974). Little is known about how these bugs

disperse or what causes the spot infestations, but information on

both these subjects would aid in the development of a pest manage-

ment program.

The present investigation was undertaken to study the biolog

ical attributes of L. hesperius , particularly dispersal and the egg

diapause, on Oregon rangeland; to evaluate feeding damage to

crested wheatgrass; and to investigate the effects of some cultural

and range management practices on the bug population density.
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LITERATURE REVIEW

Labops hesperius Uhler was first described in 1872 from spe-

cimens taken in Colorado and Montana during the Hayden expedition.

The early date of this record suggests that L. hesperius is native to

North America. Knight (1922) constructed a key to the Labops of

North America, and Slater (1954) developed another key to adult

Labops and also described the fifth instar nymph of L. hesperius.

L. hesperius has been found in the Yukon, Alberta, British

Columbia, and throughout the western United States as far east as

Nebraska and South Dakota and as far south as New Mexico and,

Arizona (Knight, 1922; California State Department of Agriculture,

1952; Slater, 1954; Knowlton, 1966; U. S. D. A. A. R. S. , 1969, 1970).

Habitats range from arid grass and sagebrush communities to moun-

tain parks near the timberline (Todd, 1974).

L. hesperius overwinters in the egg stage. The eggs hatch in

late March and the bugs become adults near the end of April (Todd

and Kamm, 1974). Females have a two-week preoviposition period

then lay eggs that again overwinter. Females may be brachypterous

or macropterous, but males are always macropterous. The repro-

ductive cycle is completed by the end of June, but adults may be

present after June at higher elevations (Knowlton, 1966). Haws et al.

(1973) state that one month in a chill temperature is necessary for

egg-hatch.
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L. hesperius has been observed to feed on 18 species of

introduced and native range grasses (Mills, 1939; Todd and Kamm,

1974) and also on wheat adjacent to fields of crested wheatgrass

(Bohning and Currier, 1967). However most records of damage

have been on wheatgrasses, though dense populations of the bug have

been observed on native range grasses (Flaws et al. , 1973).

Various range grasses are used for oviposition as well as for

food. The females oviposit in the dry culms of at least six grass

species (Todd and Kamm, 1974). Bulbous bluegrass (Poa bulbosa L. )

matured before the bugs oviposited and was a readily available ovi-

position site of preference wherever it grew. Haws et al (1973)

reported oviposition by L. hesperius in green grass straws and

in several non-grass plants.

Feeding damage appears in wheatgrass leaves as small white

spots which result from removal of plant juices. The leaves gradually

turn yellow, then white, when feeding punctures are numerous (Todd

and Kamm, 1974). Knowlton (1967) reported that 60,000 acres of

rangeland in the Garfield-Kane county area of Utah suffered over

60% loss of forage due mostly to L. hesperius. Losses of 10-60%

in grass production have been reported in Utah, the Santa Fe National

Forest, and from hay fields in Wyoming (Bohning and Currier, 1967).

Haws et al. (1973) stated that feeding by L. hesperius had an adverse

effect on wheatgrass reproductive structures, root reserves, and



plant survival. However all of these evaluations of the damage to

wheatgrass were subjective.

Todd and Kamm (1974) determined the reduction of quality and

quantity of wheatgrass infested with L, hesperius, They found an

18% loss of forage midway in the growing season but only a 2% loss

of forage by mid-summer.

There have been attempts to control L. hesperius with insecti-

cides (Knowlton, 1966; Bohning and Currier, 1967; Thorn ley and

Judd, 1970; Jensen, 1971), but in every case the bugs were present

again the following year, probably because the insecticide had been

applied after oviposition. Burkhardt (1974) evaluated the effects

of 18 different insecticide treatments on L. hesperius, and 13 treat-

ments resulted in at least 95% mortality. Insecticides for controlling

L. hesperius are often too expensive in relation to the value of the

grass that is being sprayed (Todd and Kamm, 1974).

Cultural and management practices may be useful in reducing

population densities of L. hesperius. Fertilizer treatments have

been proposed to increase range forest production (Pumphrey and

Hart, 1973), and examples have been cited (Painter, 1951) of ferti-

lizer treatments which increase the tolerance of plants to insects.

The herbicide Paraquat has been investigated for use in chemically

curing range grasses when they are at a high nutrient status so that

the natural decline in nutrient concentration and digestibility after the
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grass matures can be reduced to improve forage quality for late

summer or fall grazing (Sneva et al. , 1973). Grazing has been

proposed (Haws et al. , 1973; Todd and Kamm, 1974) as a method

of destroying the eggs or reducing food and oviposition sites of the

bug.



MATERIALS AND METHODS

Study Sites

Three sites in Oregon were used for the study of L. hesperius.

Site 1 was in the 400 hectare west field of the Bureau of Land Manage-

ment Page Seeding, in Malheur county 9. 7 kilometers south of Vale,

Oregon, Township 19 South, Range 45 East, Northeast quarter of

Section 28, The experiments were located on north and northwest

slopes or on flat terrain below the slopes, at an elevation of 853

meters. The surrounding terrain was a series of hills which were

covered by a native sagebrush community or renovated range seeded

to crested wheatgrass (Agropyron desertorum (Fisch. ) Schult. ).

Site 1 was seeded to crested wheatgrass as a fire rehabilitation

project in 1964. The ground cover in 1974 was 0-25% straw litter,

30-40% crested wheatgrass, 5-15% Sandberg's bluegrass (Poa

secunda Presl. ), 1-5% cheatgrass (Bromus tectorum L. ), with minor

amounts of balsamroot (Balsamhoriza sagittata Nutt. ), big sagebrush

(Artemisia tridentate Nutt. ), giant wildrye (Elymus condensatus

Presl. ), green rabbitbrush (Chrysothamnus viscidiflorus Nutt. ),

bluebunch wheatgrass (Agropyron spicatum (Pursh) Scibn, and

Smith), and Idaho fescue (Festuca idahoensis Elmer. ). Wheatgrass

crowns were 15-60 centimeters apart.

Site 1 was rested for two years after being seeded and was



then used primarily for spring or summer grazing. The wheatgrass

crowns consisted largely of dessicated straws which were one or

more years old. This accumulation of old straws resulted from in-

complete utilization of the herbage during grazing. Feeding damage

by bugs was first noticed at site 1 in May, 1969. The field was

rested in 1973 in the hope that the wheatgrass would recover from

the damage.

Sites 2 and 3 were located in Grant county, near Seneca,

Oregon, at an elevation of 1433 meters. The surrounding terrain

was mostly flat and covered by native sagebrush communities and

wheatgrass fields, with Ponderosa pine trees (Pinus ponderosa

Dougl. ) in the hills north of the two sites. Feeding damage to grasses

by bugs was first noticed at the two sites in the spring of 1968.

Site 2 was in a 16 hectare field 4.8 kilometers north-northwest

of Seneca, Township 16 South, Range 32 East, North half of. Section 8.

The site was cleared of sagebrush and seeded to crested wheatgra.ss

in 1954, and used primarily for spring grazing by cattle through

May in 1974. The ground cover in 1974 consisted of 45-55% crested

wheatgrass, with minor amounts of big sagebrush, Sandberg's

bluegrass, Idaho fescue, green rabbitbrush, Kentucky bluegrass

(Poa pratensis L. ), and western needlegrass (Stipa occidentalis

Boland. ). Wheatgrass crowns were 15-30 centimeters apart, and

straw litter was scarce.
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Site 3 was a six hectare field 4.8 kilometers north of Seneca,

Township 16 South, Range 31 East, Northwest quarter of Section 10.

Site 3 was cleared of sagebrush and seeded in 1955 to intermediate

wheatgrass (Agropyron intermedium (Host) Beauv. ) on the western

half of the field and to tall wheat on the eastern half. Experimental

plots were on the intermediate wheatgrass. The site was used pri-

marily for spring grazing, with cattle present until mid-May in 1974.

The ground cover in 1974 on the western half of the field was 50-60%

intermediate wheatgrass, with minor amounts of big sagebrush,

Idaho fescue, Sandberg's bluegrass, green rabbitbrush, and June

grass (Koelaria cristatum ) Pers. ). Wheatgrass crowns were

about 15 centimeters apart, and straw litter was minor.

Sampling Methods

Two methods were used to determine population densities of

nymphs and adults. Bugs were captured by sweeping an insect net

(38 centimeter diameter) in an arc of 180° (one sweep) at ground

level. Sweep samples were taken between 7 PM and 9 PM since the

smaller nymphs crawled up on the plants to feed during the evening

and night hours (Todd and Kamm, 1 974). The second method included

the use of a 0. 09 m2 circular quadrat, the locations of which were

selected at random. A sheet metal cylinder which was open at both

ends was placed around the quadrat, then the bugs were collected
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from within the cylinder with an aspirator. The quadrat method

most accurately determines the bug density (Todd, 1974).

Egg density was determined by random quadrats delimited by

a circular hoop of wire enclosing an area of either 0. 09 m2 or 0. 90

m2. All grass and straw within the quadrat was cut at ground level,

and grass, straw, and ground litter were then removed from the

quadrat and later dissected to expose the eggs, which were then

counted.

Cages, used in some experiments to confine bugs to the plots,

enclosed an area of 0. 84 square meter and were pyramid-shaped,

with a wood base and wire screen top (Figure 2). Aluminum foil was

placed in the dirt around the edges of each cage so that ground squir-

rels could not tunnel into the cage.

A 0. 90 m2 circular quadrat (wire hoop) was used to randomly

sample herbage. Herbage was clipped from the quadrat at ground

level, oven dried for 48 hours at 55° C, and then weighed.

Experiments on the Biology of Labops hesperius

Eggs were collected for the egg diapause experiment near

Sparta, Oregon from a field with 90% intermediate wheatgrass and

10% bulbous bluegrass. The bulbous bluegrass plants, including

roots, were collected, and the stems were examined for eggs.

The opercula of the eggs could be counted if the leaf was gently
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pulled away from the stem. The straws with eggs were transported

to Corvallis in styrofoam coolers chilled with ice.

The straws were carefully folded into 100 mm X 50 mm glass

culture dishes so that the internode with the eggs was not bent or

broken, and so that each dish contained at least 50 eggs. Each cul-

ture dish was covered with Saran Wrap plastic film, and damp peat

moss was placed in the bottom of each dish in the chill temperatures

in order to maintain moisture and in order to prevent the growth of

fungi. When the dishes were placed in the incubation temperature

the peat moss was replaced by damp blotter paper, the roots and

seed heads of the bluegrass were removed so that the nymphs could

be found easily, and each dish was recovered with Saran Wrap.

Damp blotter paper was used instead of peat moss in dishes with

eggs exposed to cold temperatures in studies subsequent to the

present one. Two dishes were placed in each treatment.

The culture dishes were examined for nymphs at least once

every three days after the dishes were placed in the incubation tem-

perature (15° C). Nymphs were removed and counted. After 60 days

in 15°C the straws were removed and dissected for examination of

the eggs. The eggs were examined at various times during the

experiment in order to determine the stage of embryonic develop-

ment. The eggs were fixed in a glacial acetic acid-chloroform-

alcohol mixture, cleared in a glycerol-alcohol mixture, and then



12

examined under a dissecting microscope (Hogan, 1959). This method

facilitated the examination of well-developed embryos but was unsatis-

factory for earlier stages in the embryology of L. hesperius. The

red eyespots of the embryos were visible without any chemical treat-

ment.

Overwinter survival of L. hesperius was investigated on five

different sample stations at site 1. The stations were established at

approximately equal intervals on a hillside, with station 1 on level

terrain at the hill's bottom and with station 5 at the top of the hill.

Egg samples from two random 0. 90 m2 quadrats were removed from

each station to determine egg densities on August 31, 1973, and the

following spring the numbers of nymphs from six quadrats on each

station were counted to determine densities of nymphs.

Bug density in relation to amount of wheatgrass was also

investigated at site 1 on five sample stations, three of which coin-

cided with the overwinter survival sample stations. The five stations

were selected because of the different bug densities among the stations.

Samples from six quadrats were taken at each station to determine

the density of the bugs. Also the herbage was removed from three

quadrats at each station to determine the quantity of wheatgrass

present. New growth of wheatgrass was separated from old growth

in each sample and weighed separately.

The dispersal of L. hesperius by flight was investigated with
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sticky traps at site 1. Each trap was constructed of two 36-centi-

meter square pieces of poster board stapled together back-to-back

for sturdiness and nailed to a 2 centimeter by 1. 3 centimeter wooden

post. The posts were set into the ground, then the traps were coated

on the front side with stickem R adhesive resin. The traps were

scraped and recoated with stickem whenever the resin dried or

became excessively dirty. There were eight traps each colored

white, yellow, red, and blue. The white traps were discolored by

the stickem to a light tan. Of the eight traps of each color, two each

were set at a height of .15 m, . 61 m, 1. 07m, or 1. 52 m above the

ground. The 32 traps were randomly arranged in two concentric

circles with eight traps 6.1 meters apart at a radius of 7. 8 meters,

and with 24 traps 6.1 meters apart at a radius of 23. 2 meters

(Figure 1). The sticky side of each trap faced toward the center

of the circles. The traps were examined for mirids every three

days after L. hesperius adults were first observed in the field, and

bugs were picked off the traps with forceps and placed in alcohol so

that they could be counted and identified in the laboratory.

The dispersal of L. hesperius by both walking and flying was

investigated in a mark-recapture experiment in which pitfall traps

were used with the sticky traps. One pitfall trap was placed at the

midpoint between sticky traps in each circle, so that the two concen-

tric circles of pitfall traps also consisted of eight traps at a radius
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Figure 1. Sticky traps at site 1, near Vale, Oregon.
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of 7. 8 meters and 24 traps at a radius of 23. 2 meters from the

center. An additional concentric circle of six pitfall traps was

placed at a radius of 3.1 meters with a distance of three meters

between traps. The pitfall traps consisted of plastic one-quart

freezer containers, ten centimeters square at the open top and 11. 5

centimeters deep. The containers were set in the ground with the

top edge at ground level, and a rim of stickemR adhesive resin was

applied around the inside rim of each trap so that the bugs could not

climb out.

Approximately 12, 000 L. hesperius adults were captured,

marked with spray paint, and released at the center of the three

circles of traps. The bugs were captured with a sweep net in the

early evening, and the numbers were estimated from previous sweep-

ing experience. Approximately 1., 500 bugs at a time were placed in

a deep cardboard box and lightly sprayed with paint from a distance

of about 60 centimeters, as in Chestnut (1972). The first 6, 000 bugs

were sprayed with red fluorescent spray paint (Illinois Bronze, Daz-L

brand--no. 830 rocket red), and another 6, 000 bugs were sprayed

with pink hobby-household enamel (Illinois Bronze, Shining Armor

brand--no. 696 shocking pink). Twenty marked bugs were kept in

the laboratory, given fresh wheatgrass daily, and observed for any

toxic or other effects of the paint. Pitfall traps and sticky traps

were examined for marked bugs every three days. Any L. hesperius
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that were captured were preserved in alcohol and examined under

a stereomicroscope for paint markings.

Evaluation of Feeding Daman e to Wh.eat rass

Four categories of damage by L. hesperius to leaves of crested

wheatgrass were established and subjected to chemical analysis. The

damage categories were established with the aid of a grid micrometer

in the eyepiece of a stereomicroscope. A leaf was placed under the

microscope so that the grid was positioned on the midline of the leaf

near the leaf tip, and the percentage of damaged (white or yellow) leaf

tissue was determined within the grid. The percentage of damaged

leaf tissue was then determined in the same way on other parts of

the same leaf, near the base of the leaf where it separated from the

stem and at a point midway between the base and the tip, so that per-

cent damage was determined from three points on the same leaf. The

percent damage for the entire leaf was determined from the mean of

these three percentages. One leaf each was found with 0%, 25%, 50%,

and 75% damage, and these four leaves were used for comparative

purposes to classify additional leaves. Thousands of wheatgrass

leaves were cut at the point they separated from the stems and then

classified into the four damage categories by gross visual selection

until 1250 leaves were found for each category,

The four samples were oven-dried and analyzed for cell-wall
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constituents (Van Soest and Wine, 1967), acid-detergent fiber, and

lignin (Van Soest, 1963). The quantity one minus the percent cell-

wall constituents equals the percent neutral-detergent solubles,

cell contents. The cell contents which are 98% digestible by rumi-

nants (Van Soest and Wine, 1967) contain lipids, sugars, organic

acids, water-soluble matter, pectin, starch, non-protein nitrogen,

and soluble proteins (Van Soest, 1965). The cell-wall constituents

which are insoluble in neutral detergents contain two distinguishable

fractions, acid-detergent fiber and acid-detergent solubles. The

acid-detergent fiber includes cellulose, lignin, and lignified nitroge-

nous compounds, and acid-detergent solubles include fiber-bound

protein and hemicelluloses (Van Soest, 1965). The true digestibility

of the cell-wall constituents is determined by the lignin content of the

acid-detergent fiber according to the summative equation of Van

Soest (1967), Y = 147. 3 - 78. 9 log X, where Y is the digestibility

of the cell wall and X is the percent lignin content of acid-detergent

fiber.

Experiments on Alteration of the Habitat
of Labops hesperius

The effects of fertilizers on the population density of L.

hesperius were tested at site 2 near Seneca, Oregon. The four

fertilizers were ammonium nitrate (34% nitrogen), urea (46%
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nitrogen), phosphate (18% P2O5), and sulfur (gypsum). Two rates

were applied for each fertilizer. The light rates were ammonium

nitrate at 33. 6 kilograms nitrogen per hectare, urea at 33. 6 kilo-

grams nitrogen per hectare, phosphate at 44.8 kilograms P 0
2 5

per hectare, and sulfur at 11. 2 kilograms gypsum per hectare. The

heavy rates were ammonium nitrate and urea at 67. 2 kilograms nitro-

gen per hectare, phosphate at 89.7 kilograms P2O5 per hectare, and

sulfur at 22. 4 kilograms gypsum per hectare. Both the light and

heavy rates are comparable to rates which have been investigated

for use on Oregon rangeland (Pumphrey and Hart, 1973).

The four fertilizers were applied separately and in combinations

except for urea (see Figure 13). Each treatment was replicated four

times in a randomized block design so that there was a total of 17

treatments and 72 plots, including eight control plots. The plots

(3. 05 meters by 3. 05 meters) were arranged in rows with 3. 05 meter

wide alleys between rows. Fertilizer applicators were made from

mailing tubes in which the tops had been punched with holes, the size

of the holes depending on the size of the pellets of fertilizer. The

fertilizers were applied on October 6, 1973, and bug densities were

determined from two quadrats taken on each plot from May 29 to

June 1, 1974.

The effect of the herbicide Paraquat (1, 1 -dimethyl -4, 4-

bipyridinium salt) on the density of L. hesperius was tested at
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sites 1 and 3. Sprayed and unsprayed plots (6. 1 meters by 6.1

meters) (Figure 2A) were replicated four times in a randomized

block design at each of three times of treatment. Paraquat was

applied at 0. 23 kilograms per hectare in 151 liters of water plus

X-77 at 0. 5% of the total volume (modified from Sneva, 1973). The

mixture was sprayed with a compression hand sprayer in a criss-

cross pattern on each plot. A cage was placed on sprayed and un-

sprayed plots immediately after treatment.

The first spray treatment was at site 1 on April 30, 1974

during the bug's fifth instar; the second treatment was at site 1 on

May 13, 1974 during the adult stage; and the third treatment was at

site 3 on June 7, 1974 again during the adult stage. The percentage

of females with mature eggs was determined by rapid dissection

(Kamm and Ritcher, 1972) immediately prior to the second and third

spray treatments. In order that the herbicide's direct effect on the

bug might be determined, 20 bugs were kept in the laboratory after

the April 30 treatment in a plastic container, the bottom of which

was lined with blotter paper which had been soaked in the Paraquat

spray mixture. Fresh wheatgrass, which was provided daily for

the bugs, was propped in the container away from the blotter paper.

Herbage samples from two quadrats were removed for determi-

nation of yield from each plot immediately prior to each Paraquat

spray treatment and again after the wheatgrass matured. The bug
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Figure 2. Experimental plots at site 1 on May 8, 1974.

A. Herbicide plots with cages.

B. Mechanical removal (mowed) plots with cages.
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density was determined by sweeping before the plots were sprayed

and by quadrat sambles seven or eight days after treatment. Three

bug quadrat samples were taken on each plot and two additional

samples were taken from within each cage. After they were counted

the bugs were returned to the cages in which egg density was to be

determined later. After the adults had died two 0. 09 m2 quadrats

were removed from each cage to determine the density of eggs.

The effect of mechanical removal of grass on the density of

L. hesperius was investigated at site 1. Mowed and unmowed plots

(6. 1 meters by 6.1 meters) (Figure 2B) were arranged in a random-

ized block design and replicated four times for each mowing treatment

time. All vegetation in treatment plots was mowed to a height of two

to five centimeters with a Weed-eater R power scythe, model 670

(Weed-eaters Inc. , Houston, Texas). The vegetation was raked from

the plot and moved ca. 100 meters away from the plots. Control plots

were left undisturbed.

The first mowing treatment was on August 30, 1973 when the

bug was in the egg stage. One cage was placed on each mowed and

unmowed plot on March 28, 1974 immediately after the eggs hatched.

The bug density was determined from three random quadrats, on

each plot and two in each cage in April, 1974.

The second mowing treatment was on April 18, 1974 during

the second instar. One cage was placed on each mowed and unmowed
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plot immediately after the treatment and the bug density was deter-

mined in early May. The final mowing treatment was on May 14,

1974 during the adult stage, and again one cage was placed on each

plot immediately after the mowing treatment. The bug density was

determined on May 22 on the plots and in the cages, and the bugs

were returned to the cages after they were counted. Two 0. 09 m2

quadrats were removed from each cage on June 26, 1974 to determine

egg density after the adults had died.

Statistical Methods

The t-test was used (Appendices 10-21, 23-36) to determine

differences between means except where indicated otherwise. The

mean number of bugs or mean weight of wheatgrass was determined

for each plot, and these plot means were then used to determine the

mean and variance of the mean on control and on treatment plots.

An F-test was used to compare the variance of the mean of control

plots with the variance of the mean on treatment plots, then the

appropriate t-test, for equal or unequal variances, was used to test

the significance of the mean difference (Remington and Schork, 1970).
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RESULTS

Biology of Labops hesperius

Description of Life Cycle

First and second instar nymphs of L. hesperius were present

at site 1 on April 3, 1974 (Figure 3). The eggs probably began

hatching in late March since each stadium lasts about one week under

field conditions (Todd, 1974). The nymphs were difficult to count

until the fourth instar because the large, thick crowns of wheatgrass

at site 1 provided excellent concealment. The first adult was ob-

served on April 25 and a mating pair was first observed on May 4.

No adults were found on or after June 19.

First instar nymphs were present at site 2 on April Z2, 1974

(Figure 4). Thus the eggs at site 2 probably hatched three weeks

later than the eggs at site 1 due to the higher altitude and cooler

climate. The early instar nymphs were more easily found because

this site was heavily grazed and no old straws were present. The

first adult was observed at site 2 on May 23 and a mating pair was

first observed on May 29. A small number of adults were still

present in the last samples on June 25.

The population density decreased more rapidly at site 2 than at

site 1. Heavy spring grazing at site 2 may have contributed to the

bug mortality by reducing their food source.
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Egg Diapause

Eggs were collected near Sparta, Oregon on September 1, 1 973

and were placed in 15° C on September 3. The temperature treat-

ments (Figure 5) were begun and embryos were examined through

a stereomicroscope on September 13. Metamerism, a distinct head,

antennae, and large eyes with no pigmentation were present at that

time. The cephalic end of the embryo faced away from the operculum

of the egg. After exposure to the chill and incubation temperatures the

eyes became pigmented and then the embryo revolved to face the

operculum prior to egg-hatch. In 1 974 many of the embryos which

were kept in 15° C until September 15 developed eye pigmentation

before exposure to the chill temperature. Thus the eye-spots may

or may not become pigmented before the egg is subjected to the chill

temperature.

Nymphs first emerged on December 3 in treatments 2 and 7

(Figure 5). Hatching began in ten days (treatments 5 and 21) to 21

days (treatments 2, 7, and 23) after the eggs were exposed to the

incubation temperature (15° C). Egg-hatch continued in some treat-

ments for 60 days at 15° C, but in no case did more than two eggs

hatch in any seven-day period after 35 days at 1 5° C, The mean

number of days to hatch in the incubation temperature ranged from

14.8 days (treatment 10) to 31. 5 days (treatment 7).
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Figure 5. Effect of different temperature treatments on the egg
diapause of Labops hesperius. Temperature treatments
were begun on September 13, 1973. Each rectangle
represents 30 days at that temperature.
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Sixty days of chilling at 3° C or 9° C was required for egg-

hatch. A higher percent egg-hatch resulted from exposure to 3°

than 9° C. The 60 days chilling period could be interrupted by as

many as 90 days in -15° C without preventing egg-hatch (treatment

21). A longer exposure to 3o C or 9° C resulted in a higher percent

egg-hatch if the eggs were not exposed to -15° C (treatments 1-10).

Hatching occurred when eggs were exposed to -15° C as long as the

treatment included at least 60 days in the 3° C chill temperature,

but a relatively poor egg-hatch of less than 10% resulted in treat-

ments (25, 27, and 28) which began with 60 or more days in -1 5° C.

The best egg-hatch (treatment 29 - -87 %) resulted from the regimen

that most closely approximated natural field temperatures. However,

treatment 22, which was very similar to treatment 29 (Figure 5),

resulted in only 34% hatch.

Fungi grew on the bluegrass stems in temperatures of 3 C or

higher but seldom appeared to reach the eggs and probably did not

adversely affect the egg-hatch percentages. A single parasitic wasp

(Mymariclae) emerged in the incubation temperature from eggs

exposed to treatment 24.

Eggs which were dissected from the straws at the beginning

and at the conclusion of the temperature treatments fell into two

categories: (1) unhatched eggs with a healthy, orange color; and

(2) dessicated eggs containing nothing or a dead, dark-colored,
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shriveled embryo. Forty-four eggs were examined at the beginning

of the experiment on September 1 2, and 12 eggs (27%) fell into

category (2). At the ends of the various temperature treatments

1396 eggs fell into category (1), and 1899 eggs fell into category (2).

Of the latter lot of eggs, 726 could be accounted for by the number

of bugs that had hatched. Thus 1173 eggs, or 36% of the total number,

had died during the temperature treatments or before the beginning

of the experiment.

Oviposition Sites

The grasses used for oviposition were investigated at site 1.

Straw samples for egg counts were removed from random 0. 90 m2

quadrats from a location that contained approximately equal amounts

of Sandberg's bluegrass culms (Poa secunda) and old crested wheat-

grass culms (Agropyron desertorum) which were at least one year

old. No oviposition preference was found for the two types of straw

(Table 1). Some green culms of crested wheatgrass were dissected

but none contained eggs. The majority of the eggs was oviposited

above the basal internode.

Three cheatgrass culms (Bromus tectorum) containing a total

of 59 eggs and five green crested wheatgrass culms containing a total

of 94 eggs were found in three 0. 90 m2 quadrats removed from another

site 1 location with no Sandberg's bluegrass or dry crested wheatgrass.



Table 1. Number of eggs of Labops hesperius found in straws of two grass species at a site 1 location that contained approximately equal numbers

of dry crested wheatgrass culms from previous years' growth and of Sandberg's bluegrass culms.

Number of eggs in 300 straws

Percent of Between Between distal Between penultimate Eggs/

Oviposition straws with i nfleirescence node and node and base 100

materiel eggs and distal node penultimate node of plant straws

Dry crested wheatgrass 3.7 196 35 13 81. 3

culms

Sandberg's bluegrass
culms

5.3 217 20 79. 0
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Apparently females freely oviposited in cheatgrass or in green

crested wheatgrass at site 1 when dry crested wheatgrass or

Sandberg's bluegrass were not available. Eggs in green crested

wheatgrass culms were usually found within or near the internally

developing seed head of the plant. No eggs were found in ground

litter.

Population Density Correlations

Summer (1973) egg densities and spring (1974) nymph densities

were determined at increasing elevations on a hillside at site 1 under

the assumption that the increases in elevation would result in greater

exposure of the eggs to winter weather conditions and that overwinter

survival of the eggs might therefore be affected. The percent sur-

vival of the bug between August, 1973 (egg stage) and April, 1974

(nymphal stages) appeared to decrease with increased elevations on

the hillside (Figure 6). However the regression was not significant

(Appendix 1) and R2 was only 0.37.

The population density of L. hesperius was investigated in

relation to the amount of wheatgrass on different stations at site 1.

The regression of bug density versus weight of green calms of

crested wheatgrass (Figure 7) was not significant (Appendix 2), and

R2 was only 0. 09. However on the same five sample stations the

bug density was positively correlated with the weight of old, dry
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Figure 6. Percentage of Labops hesperius that survived from
August 31, 1973 (egg stage) until late April, 1974 (third
and fourth instars) at different exposures to the environ-
ment on a hillside at site 1. The five stations were
spaced at equal intervals on the northwest slope of a
hill, with station 1 at the bottom and station 5 at the
top. The regression equation is Y = 85.36 - 6. 96 X.
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Figure 7. Density of Labops hesperius vs. weight of green culms
of crested wheatgrass (AELLTyron desertorum) on five
different sample stations at site 1. Bug samples were
taken from April 21-26, 1974, and wheatgrass samples
were removed on April 27, 1974. The regression equa-
tion is Y = 45. 92 - 0. 57 X.
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culms of crested wheatgrass (Figure 8). The regression was signifi-

cant (Appendix 3) and R2 was 0. 82.

The correlation between bugs and old wheatgrass culms

occurred only for the situation at site 1. At site 2 the ground litter

and old culms were scarce and could not be expected to exert a

significant effect on population density.

Trap Experiments

L. hesperius and Irbisia brachycera Uhler were the two mirids

captured in large numbers on sticky traps at site 1 (Table 2). I.

brachycera were often observed to make strong flights at site 1 but

L. hesperius were observed to fly near the ground for only a distance

of 15 to 60 centimeters, usually to evade capture. In one instance,

however, a male L. hesperius was observed terminating flight at an

altitude of ca. 1. 2 meter. Both mirids were captured mostly between

the hours of 12 noon and 6 PM (Figure 9).

The mean number of L. hesperius captured was not significantly

influenced by the height or color of the traps, but the interaction of

height and color was significant (Table 3). Further analysis (Table 4)

indicated that the mean number of L. hesperius captured on 1. 52

meter white traps was significantly different from the mean numbers

captured on other traps. The mean number of I. brachycera cap-

tured varied significantly according to the height of the trap (Table 5)
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Figure 8. Density of Labops hesperius vs. weight of dry culms of
crested wheatgrass (previous year's growth or older) on
five different sample stations at site 1. Bug samples
were taken from April 21-26, 1 974, and wheatgrass
samples were removed on April 27, 1974. The regres-
sion equation is Y = -1. 20 + 0. 35 X.
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Table 2. Numbers of Labops hesperius and Irbisia brachycera
captured on sticky traps at site 1.

Date
Number of

Labops hesperius
Number of

Irbisia brach cera

May 3 0 0

May 6 14a

May 10 27 5

May 13 52
b 4

May 15 14 0

May 19 3 0

May 22-23 276 169

May 26 57 96

June 1 15 15

June 4 1 2

June 6 1 1

June 10 1 0

June 18 0 0

a includes three fifth-instar nymphs

b includes one brach.ypterous female
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Table 3. Numbers of Labops hesperius captured on sticky traps at site 1 from May 6, 1974 until

June 1, 1974. Brachypterous females and nymphs are not included.

Trap
height

Trap color
White Yellow Red Blue Total

.15m 14 8 13 15 99

7 18 15 9

,61 m 11 28 5 17 114

13 14 11 15

1.07 m 15 25 11 11 101

10 10 11 8

1.52 m 45 12 11 11 138

26 5 14 14

Total 141 120 91 100 452

Analysis of variance

Source df SS MS F

HEIGHT 3 120.75 40. 250 1.15ns

COLOR 3 185. 75 6L 917 1.78ns

HEIGHT X COLOR 9 995.00 110.556 3. 17*

ERROR 16 558.00 34. 875

TOTAL 31 1859. 50

ns: not significant at P < . 05

significant at P < . 05



Table 4. Mean number of Labors hesperius captured on different height and color sticky traps. The difference among means was determined by the

Student-Newman-Keuls test (Sokal and Rohlf, 1969).

Yellow traps Red traps Blue traps White traps

. 15 . 61 1. 07 1.52 .15 . 61 1. 07 1. 52 15 . 61 1.07 1, 52 . 15 . 61 1.07 1. 52

m in M M in in m m m m in rn m m in

13.0 21.0 17.5 8. 5 14.0 8.0 11.0 12.5 12.0 16.0 9. 5 12.5 10.5 12, 0 12.5 35. 5
*

* significantly different from all other means (P <. 05)

The other 15 mean numbers did not differ significantly (P < . 05) from one another.



Table 5. Numbers of Irbisia brachycera captured on sticky traps at site 1 from May 10, 1974

until June 6, 1974.

Trap Trap color

height White Yellow Red Blue Total

. 15 m 10 18 5 6 99

18 22 14 6

.61 m 10 15 11 11 93

15 7 13 11

1. 07 m 4 14 5 5 52

10 8 4 2

1. 52 m 11 3 4 5 47

3 6 2 13

Total 81 93 58 59 291

Analysis of variance
Source df SS MS

HEIGHT 3 274. 0938 91. 3646 6. 13* *

COLOR 3 110. 5938 36.8646 2. 47ns

HEIGHT X COLOR 9 221. 5313 24. 6146 1. 651.12

ERROR 16 238. 5000 14. 9063

TOTAL 31 844. 7188

40

ns: not significant at P < 05

significant at P < . 01
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in that the number of I.. brachycera caught decreased as the trap

height increased (Figure 10). The regression of the number of I.

brachycera which were captured versus trap height was not signifi-

cant (Appendix 4) but R2 was 0. 89. The wind at the trap site blew

predominantly from the west, but traps facing that direction did not

capture more bugs than east, north, or south traps.

The elevation of the site of this experiment was relatively low

and the temperature relatively high compared to most sites in which

L. hesperius are found. The frequency and distance of flight of the

bugs were less at sites 2 and 3 where temperatures were colder.

No. I. brachycera were present at sites 2 and 3.

Only 61 of ca. 12, 000 L. hesperius (0. 5%) marked with paint

were recaptured in pitfall traps (Table 6). Fewer marked bugs were

captured as the distance of the pitfall trap from the release point

increased and no marked bugs were captured in pitfall traps at a

distance of 23. 2 meters. However one marked macropterous female

was recaptured on a sticky trap 23. 2 meters from the release point.

The initial recapture of marked bugs at 3.1 meters from the release

point was four to six days after release, and at 7. 8 meters eight to

nine days.

Marked bugs at the release point appeared to move about nor-

mally after they were marked. Marked bugs that were kept in the

laboratory appeared to behave normally during the week in which
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set at different heights. The regression equation is
Y = 108. 9 - 13. 1 X.
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Table 6, Number of Labops hesperius marked and recaptured in
pitfall traps at various distances from a release point.
Approximately 6,000 bugs were marked red and released
on May 11, 1974, and approximately 6, 000 were marked
pink and released on May 13, 1974.

Date
Marking

color

Number
captured
at 3.1 m

Number
captured
at 7. 8m

Number
captured
at 23. 2 m

May 15 Red 5

Pink 0

0 0

0 0

May 19 Red 5 3 0

Pink 5 0 0

May 22 Red 10 1 la
Pink 12 2 0

May 25 Red 3

Pink 6

June 1 Red 1

Pink 1

June 4 Red 0

Pink 0

June 6 Red 0

Pink 1

June 10

June 18

Total

0

0

49

1

2 0

0 0
0

0

1

0

12

0

0

0

0

1
a

a a macropterous female captured on a sticky trap
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they were observed, even though some bugs were heavily covered

with the paint.

Males and macropterous females of L. hesperius comprised

a higher percentage of the catch on sticky traps than they did of the

site 1 population determined by the weekly ground quadrat samples

(Figure 11). The percentage of macropterous females recaptured

in pitfall traps was also greater than the percentage of macropterous

females in the population at site 1.

Wing-type and Sexual Maturity

Brachypterous and macropterous females at site 1 were dis-

sected at various times by rapid-dissection (Kamm and Ritcher,

1972) to determine the percentage of females with mature eggs. The

presence of mature eggs in the ovaries indicated that brachypterous

females attained sexual maturity sooner than macropterous females

(Table 7). None of 20 females at site 3 (19 brachypterous, one

macropterous) had mature eggs on May 30. All of 18 brachypterous

females had mature eggs by June 9, but neither of two macropterous

females contained mature eggs.

Feeding Damage to Wheatgrass by Labops hesperius

Figure 12 shows damage by L. tesperius to wheatgrass. The

results of the damage evaluation and the corresponding analyses of
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Table 7. Number and percentage of females with mature eggs at site 1.

Brachypterous females Macropt erous females

with without percent with without percent

mature mature with mature mature with

Date eggs eggs eggs eggs eggs eggs

May

0 2 0%

7 8 10 44% 0 2 0%

10 0 10 0%

11 10 9 53% 0 1 0%

13 1 0 100% 0 9 0%

15 12 8 60% 0 6 0%

19 6 0 100% 0 3 0%

22 0 20 0%

25 4 3 57%

26
17 0%

June

1 19 2 90% 1 9 10%

4 1 0 100% 0 0%

5 19 0 100% 1 0 100%

6 3 0 100%

11 19 0 100% 100%
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Figure 12. Wheatgrass damaged by
Labops hesperius.
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variance are shown in Table 8 and Appendix 5, respectively. As the

percent visual damage increased, the cell-wall constituents (CWC)

and acid-detergent fiber (ADF) increased significantly (P <. 05 and

P < .10, respectively) and the neutral-detergent solubles (NDS),

or cell contents, decreased significantly. The decrease in lignin

was not significant. The R2 values were high for the regressions

of NDS, CWC, and ADF on percent damage, indicating that the varia-

tion in damage was associated with the variation in these three con-

stituents.

The true digestion coefficient (i. e. percent digestibility) of the

CWC was determined according to the summative equation (Van Soest,

1967). As percent visual damage increased, the lignin/ADF ratio

decreased, and therefore the true digestion coefficient of the CWC

increased, though not significantly. The digestibility of the CWC

increased significantly (P <. 10) as damage increased, offsetting the

decrease in cell contents (NDS). Thus the total percent true dry

matter digestibility ( =. 98 (1 - CWC) + CWC (1. 473-.789 log X),

where X = percent lignin content of the ADF) actually increased, but

not significantly, as the percent visual damage increased.



Table 8. Percent chemical constituents and digestibility (from the summative equation, Van Soest, 1967) of crested wheatgrass damaged by feeding

of Labops hesperius at site 1.

% Neutral-
% Visual detergent
damage solubles

% Cell-wall
constitu-

ents

% Acid-
detergent

fiber lignin

True
digestion
coefficient
of CWCa

Digestible
amount

of CWCa (%
of total wt. )

Total °/
true dry
matter

digestibility

0 40.20 59.80 40.33 5.44 58.1 34.7 74.1

25 37. 28 62. 72 42. 91 5.39 60.6 38.0 74.5

50 33.98 66.02 42.96 4.79 64.7 42.7 76.0

75 33, 80 66. 20 44. 91 5.20 63.4 42.0 75.1

Regression on
% visual damage

F
*

20.34
*

20.34 17. 60P oons 6. 60
ns 11.21 1.96

ns

R -.954 .954 .947 -. 577 . 876 . 921 703

R2R . 910 . 910 .898 . 333 . 767 .849 . 495

a cell-wall constituents

ns not significant at P < 10

@ significant at P < . 10

* significant at P <. 05



Alteration of the Habitat of Labops hesperius

Fertilizer
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Every fertilizer treatment that included nitrogen was associ-

ated with an increased density of L. hesperius when compared with

control plots (Figure 13, Appendices 6-9); six of the treatments

including nitrogen had significantly more bugs than control plots

(P <. 10). Phosphorus used alone reduced the bug density, though

not significantly. Sulfur had little effect on the bug density at the

rates that were tested.

Bug density was greater on plots with the low rate of fertilizer

than on plots with the high rate of fertilizer for all but one of the

treatments with nitrogen. Only the high rate of nitrogen-sulfur

resulted in a greater bug density. The low rate of phosphorus re-

duced bug density slightly more than the high rate did.

The wheatgrass on all plots in the fertilizer experiment was

uniformly grazed to a height of two to five centimeters. There-

fore the amount of wheatgrass available to the bugs was approx-

imately equal on every plot, so that an increase in bug density was

not due to an increase in wheatgrass growth caused by a fertilizer.

The wheatgrass on all plots was heavily damaged by L. hesperius,
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Figure 13. Mean number of Labops hesperius per 0. 09 sq. m on control plots and on plots with different fertilizer treatments at site 2.

LO Ni = ammonium nitrate (33. 6 kg N/ha) HI N1 = ammonium nitrate (67. 2 kg N/ha)

LO N 2 = urea (33. 6 kg N/ha) HI N2 = urea (67. 2 kg N/ha)

LO P = phosphate (44. 8 kg P205 /ha) HI P = phosphates (89. 7 kg P205 /ha)

LO S = sulfur (11. 2 kg gypsum/ha) HI S = sulfur (22. 4 kg gypsum/ha)
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Herbicide

Effects of the herbicide Paraquat on L. hesperius were investi-

gated at two different times of application at site 1. The first treat-

ment was sprayed on April 30, 1974 during the late nymphal stages.

Approximately 95% of the leaves on sprayed plots changed color

from green to brown within three days. Regrowth of the wheatgrass

occurred as follows: the sprayed plots were 90% brown on May 16,

80% brown on May 24, and 70% brown on June 22. Unsprayed wheat-

grass at site 1 began producing seed heads in early June.

Eight days after the first treatment the density of L. hesperius

was significantly reduced on the spray plots, both inside and outside

the cages (Table 9, Appendices 10-13). Dead bugs were found in the

cages on the sprayed plots. Bug samples taken on May 16 and 24 to

determine reinfestation potential indicated that some bug movement

occurred back to the sprayed plots (Table 9). Unsprayed plots still

had more bugs than sprayed plots but the mean difference was not

significant because of the variation among samples. Forty-eight

bugs were counted in one quadrat which included a green wheatgrass

pla.nt which had been missed by the spray (Appendix 1 2).

L. hesperius kept on blotter paper soaked in the Paraquat spray

mixture in the laboratory indicated that the bugs suffered no direct,

harmful effects from the herbicide. The bugs often walked directly



Table 9. Mean number of live Labops hesperius on unsprayed plots and plots sprayed with Paraquat on April 30, 1974 at site 1.

Mean number/
5 sweeps

April 29, 1974

Mean number/
0.09 rn2

M ay 8-11,, 1974

Mean number/
0. 09 m2

May 16, 1974

Mean number/
0, 09 m2

May 24, 1974

Unsprayed plots

Sprayed plots

Cages on
unsprayed plots

Cages on
sprayed plots

332.0

289. 3

33. 6

**
3. 2

41. 6

*
0. 6

25, 0

3ns

14. 0

4. 3ns

significance of mean difference

ns: not significant at P < 05

significant at P < . 05

** significant at P <.01
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on the blotter paper but were still alive and normal in appearance

at the end of eight days, when most bugs in field cages on the sprayed

plots were dead.

The second Paraquat treatment was on May 13, 1974 during the

adult stage when 50% of the females had mature eggs. Again 95% of

the wheatgrass leaves turned brown within three days and on June 22

90% of the leaves were brown. The effect of the herbicide on bug

density was similar to the effect of the first spray treatment (Table 10,

Appendices 14-17). Egg samples were taken on June 22 after the

adults at site I had died, The egg density on sprayed plots (57 eggs/

0. 09 m2) was significantly less than on unsprayed plots (235 eggs:

0. 09 m2).

The mean dry weight of herbage increased slightly on unsprayed

plots and decreased slightly on sprayed plots between the spray time

and the final sampling of herbage (Table 11, Appendices 18-22).

However none of the differences were significant. The introduction

and grazing of cattle on site 1 in July precluded the removal of addi-

tional herbage samples..

The Paraquat experiment was repeated at site 3 with one spray

treatment on June 7, 1974 during the adult stage when 18 of the 20

females that were dissected had mature eggs. The intermediate

wheatgrass had been grazed in the early spring and regrowth was

ca. 15 centimeters high on June 7. Six days after treatment 95-99%



Table 10. Mean number of live Labops hesperius on unsprayed plots and plots sprayed with Paraquat on May 13, 1974 at site 1.

Mean number/
5 sweeps

April 29, 1974

Mean number/
0.09 m2

May 21, 1974

Mean number/
0.09 m2

June 3, 1974

Mean number of
eggs /0.09 m2
June 22, 1974

Unsprayed plots 332.0 19,3 11.0

Sprayed plots 263.5
**

1.3 2. 8ns

Cages on
unsprayed plots 18. 6 235.5

Cages on **
sprayed plots 0. 6 57.0

significance of mean difference

ns: not significant at P < . OS

** significant at P <.01



Table 11. Mean dry weight yield (grams/0. 90 m2) of crested wheatgrass (A.gropyron desertorum) from unsprayed plots and plots sprayed with

Paraquat at site 1.

Date of herbage quadrat removal Mean
differenceApril 29, 1974 May 12, 1974 une 22, 1974

Unsprayed plots 64. 13 64. 23 0.1ons
ns

60.0 64. 23 4. 23

Early treatment plots 65. 38 53. 90 -11. 48ns

(sprayed on April 30, 1974)

Late treatment plots 60.0 57.76 -2. 24ns

(sprayed on May 13, 1974)

ANOVA: ns

ns: not significant at P <.05
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of the wheatgrass leaves on sprayed plots had turned brown and 90%

of the leaves were brown on August 5. Wheatgrass in a grazing

exclosure near the area produced seed heads in late June but the

wheatgrass on the unsprayed plots produced relatively few seed heads.

The density of bugs was significantly less on the unsprayed plots

seven days and 14 days (Table 12, Appendices 23-26) after treatment.

The egg density within cages on sprayed plots was 54% less than that

on unsprayed plots but the difference was not significant (P <. 05).

By August 5 the mean herbage yield increased significantly on un-

sprayed plots and decreased significantly on sprayed plots (Table 13,

Appendices 27-30).

Almost 100% of the eggs that were counted from control plots

in the Paraquat experiments at sites 1 and 3 were found in green

culms of crested wheatgrass and intermediate wheatgrass, respec-

tively. Bluegrass and dry wheatgrass were sparse or absent on the

Paraquat experiment plots.

Mechanical Removal of Grass and Straw

The mechanical removal of grass and straw had a pronounced

effect on the density of L. hesperius (Table 14, Appendices 31 -36),

The herbage was first removed in August, 1973 when only eggs were

present. The following spring, the mean number of nymphs on plots

in which the herbage was removed was lower than on control plots



Table 12. Mean number of live Labops hesperius on unsprayed plots and plots sprayed with Paraquat on June 7, 1974 at site 3.

Mean number/
0.09 m2

June 13-14, 1974

Mean number/
0.09 m2

June 21, 1974

Mean number of
eggs/O. 09 m2
June 25, 1974

Unsprayed plots 18.8 8. 3

**
Sprayed plots 0.4 0.3

Cages on
unsprayed plots 15. 5 178.0

Cages on
sprayed plots

**
1. 3 82. 0

ns

significance of mean di fference

ns: not significant at P < .05

* significant at P < 05

** significant at P < . 01



Table 13. Mean dry weight yield (grams/0. 90 m
2 ) of intermediate wheatgrass (Agropyron intermedium) from unsprayed plots and plots sprayed with

Paraquat at site 3.

Date of herbage quadrat removal

June 7, 1974 June 25, 1974 August 5, 1974

Mean
difference,

une 7 to August 5

Unsprayed plots 61.05 68. 39 81. 83 20. 78

Sprayed plots 65. 70 51. 19 46. 66 -19. 04**

** * *
Mean difference 17. 20 35. 17

* significant at P <.05

** significant at P < 01

*** significant at P G. 001



Table 14. Number of Labops liesperius_ per 0. 09 m2 on control plots and on plots from which herbage was mechanically removed at site 1.

Treatment date: Treatment date:
V111/30/ 73 IV/18/74

Bug samples: Bug samples:
IV/17 to 24/74 V/1 to 4 / 74

Treatment date:
V/ 14/74

Bug samples:
V/22/74

Treatment date:
V/14/74

Egg samples:
V/ 26/ 74

Control plots

Mechanical removal of herbage

Cages on control plots

Cages on removal plots

24, 3

4.
0ns

15. 1

***
2. 5

35. 8

*
17. 5

13.8

**
1.8

11. 3

9. 4ns

72. 8

0. 0

significance of mean difference

not significant at P < OS

significant at P <. 05

significant at P <.01

significant at P <. 001
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where herbage was left undisturbed, but the difference was not signifi-

cant (P <. 05) because of the variation among samples (Appendix 31).

However, the mean difference between bug densities within cages

on the same plots was highly significant, Variation among these

samples was less and movement of bugs into and out of plots was

prevented by the cages.

On April 18, 1974 the herbage was mowed and removed from a

second series of plots during the nymphal stages when the new

growth of wheatgrass was 15 to 20 centimeters high. Bug samples

were taken in early May at the beginning of the adult stage. The

density of bugs was significantly less on plots where the herbage was

removed than on control plots. Ground squirrels burrowed into the

cages on these plots and allowed the bugs to escape so no cage

samples were taken.

Herbage was removed from another series of plots on May 14,

1973 when the bugs were predominantly adults and when ca. 60% of

the females at the site had mature eggs. Eight days after the treat-

ment the density of bugs was significantly less on plots where the

herbage had been removed than on control plots. The density differ-

ence within cages on these plots was not significant (P <. 05) but the

egg density within cages on plots with the herbage removed was

significantly less than on control plots. No eggs were found in

ground litter, wheatgrass stubble, or the short regrowth of green
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wheatgrass in plots that had the herbage removed. Adults confined

to mowed plots with cages were able to survive and did not die of

starvation.
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DISCUSSION

Biological Attributes

The egg diapause of Labops hesperius is similar to diapause

of other insects from temperate climates that require a temperature

in the range of 0 -12° C for diapause development and termination

(Lees, 1955). Diapause development of L. hesperius occurred at

both 3° and 9° C, but 3° was better for development since a larger

percentage of the eggs hatched. A gradual decrease of temperature

to acclimate the eggs to cold temperature was more conducive to

egg-hatch than transfer directly from 15° C to 3° or -15° C (Figure

treatments 22 and 29). An initial decrease in temperature to -15° C

had little adverse effect on percent egg-hatch but only if exposure to

-15° C did not exceed 30 days. For example, compare treatments

23, 24, and 26 with 2, 3, and 4, and with 25, 27, and 28 in Figure 5.

However, if the eggs were acclimated to -15° C by first being chilled

in 3 o C, then 60 or more days in -15° C had little adverse effect on

egg-hatch. For example, compare treatments 20, 21, and 22 with

2 and 3, and with 25, 27, and 28 in Figure 5. Thus the results indi-

cate that gradual acclimation to -15° C or to 3° C favors survival of

eggs and a higher percent hatch.

Cobben (1 968) indicated that egg diapause is common in mirids

and that most species diapause during the early germ-band stage of
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embryogenesis before formation of protocormic buds. The diapaus-

ing embryo of L. hesperius has well developed appendages and eyes

and is developed well beyond the germ-band stage. This advanced

development of the L. hesperius diapausing embryo may be an adap-

tation to enable the bugs to hatch as soon as conditions are suitable

in the early spring so that the bugs can take advantage of the early

growth of herbage.

Termination of diapause in December in the laboratory consid-

erably enhances the possibility of rearing L. hesperius so that the

nymphs and adults can be studied in the laboratory at times other

than the short period they occur in the field.

Females of L. hesperius did not prefer any one type of straw

for oviposition at sites 1 and 3 in contrast to their clear preference

for oviposition in bulbous bluegrass (Poa bulbosa) in an earlier study

(Todd and Kamm, 1974). The females in the present study readily

oviposited in dry culms of crested wheatgrass or Sandberg's blue-

grass and also in green crested wheatgrass, green intermediate

wheatgrass, and cheatgrass. Females did not oviposit in ground

litter or wheatgrass stubble indicating that availability of oviposition

material is an important factor influencing oviposition. The females

oviposited mostly in the culm above the lowermost internode, usually

in the uppermost internode, in every type of straw both in the Todd

and Kamm study (dry culms of crested wheatgrass, bluebunch
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wheatgrass, cheatgrass, Idaho fescue, bulbous bluegrass, inter-

mediate wheatgrass) and in the present study (dry and green crested

wheatgrass, Sandberg's bluegrass, green intermediate wheatgrass).

Thus females ovipos.ited in whatever type of straw was available.

The tendency to oviposit in upper internodes should make the eggs

vulnerable to destruction by grazing or other methods of herbage

removal.

Mortality of L. hesperius exposed to the different environments

beginning at the bottom and proceeding to the top of a hillside was

not significantly different (Figure 6). However, the results suggest

that a more carefully designed experiment might show a significant

difference if the eggs at the five sample stations were examined

before winter and again after spring egg-hatch to eliminate the con-

fusion of overwinter mortality with autumn egg-mortality and with

nymph mortality. Egg mortality, which is probably high since 27%

of a September sample of eggs from the diapause experiment were not

dead, was probably due largely to effects of environment or pathogens,

since only one parasite emerged from ca. 3000 eggs in the diapause

experiment.

The significant regression of bug density on weight of dry

wheatgrass culms at site 1 (Figure 8) probably results either from

differences in availability of oviposition sites or from differences in

cover and protection, or from both. The spot infestations at sites 2
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and 3 might also result from differences in oviposition! sites or

ground cover, but these differences would be more subtle than at

site 1 since very little old straw was present at sites 2 and 3.

The capture of large numbers of L. hesperius and I. brachycera

on the sticky traps indicates that these two species are capable of

aerial migration or dispersal, either by flight or by wind travel.

The wind at site 1 was often of seemingly sufficient force at the trap

altitudes to displace an insect the size of L. hesperius for consider-

able distances. Probably only a small percentage of the L, hesperius

population was stimulated to flight activity since flight more than a

few centimeters off the ground was seldom observed.

Many of the L. hesperius that were captured probably reached

the sticky traps under their own power of flight. The fact that

macropterous females comprised 42% of the number of L. hesperius

captured on sticky traps but only 4% of the population (Figure 11)

indicates that the bugs at least took off in flight and were not simply

blown from the plants. The few brachypterous females that were

captured were on the lowest traps only. Also, the wind at site 1

came predominantly from a westerly direction, yet no more L.

hesperius were captured on traps that faced west than on traps that

faced other directions, indicating that the bugs were not blown onto

the traps. In one instance a male L. hesperius was observed flying
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at an altitude of ca. 1, 2 meter.

Data on dispersal by flight indicated that the 1. 52 meter high

white traps captured a significantly greater number of L. hesperius

than any other height-color combination (Table 4). A possible expla-

nation of this data is that 1. 52 meters was the common flight altitude

and that the bugs were able to perceive red, yellow, and blue traps

but not white traps at that altitude. Possibly the colored traps at

heights lower than 1. 52 meters could not be perceived because they

were at or below the horizon as seen by the bugs and were obscured

by the background.

In contrast to L. hesperius, I. brachycera were captured in

larger numbers as trap height decreased, even though subjective

observations indicated that the latter is a stronger flier capable of

higher flight. More L. hesperius than I. brachycera were captured

on sticky traps, which does not necessarily reflect a difference in

the amount of flight activity between the two species since L. hesper-

ius were present in far greater numbers than I. brachycera at site 1.

L. hesperius run rapidly on the ground and on vegetation but

do not travel far in this manner (Table 6). No bugs were recaptured

in pitfall traps at a distance of 23. 2 meters from a release point and

12 bugs were recaptured at 7. 8 meters after eight or nine days, indi-

cating a slow rate of dispersal. The fact that a marked macropterous

female was recaptured at a distance of 23. 2 meters from the point of
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release on a sticky trap indicates that flight is an important factor

in dispersal and that the bugs are capable of moving 23. 2 meters by

some combination of flight and walking.

The macropterous females of L. hesperius are probably spe-

cialized for migration. Johnson (1969) considers migration an adap-

tive dispersal, in contrast to accidental or inadvertant dispersal,

between breeding habitats. It is common for migration to occur soon

after imaginal ecdysis and before the female gonads become fully

mature. Macropterous females and males of L. hesperius began

flight activity soon after the adults first emerged (Figure 3 and

Table 2). A sizable proportion of brachypterous females at site 1

contained mature eggs from May 7 through the adult stage but macrop-

terous females did not contain mature eggs until early June (Table 7).

Furthermore the cessation of flight activity coincided almost exactly

with an increase in the percentage of macropterous females with

mature eggs (Table 2 and Table 7). Clearly, flight of macropterous

females occurred soon after imaginal ecdysis and before maturation

of the gonads.

Johnson (1969) further regards migrants as "peculiar individuals

that are relatively undistracted during flight by stimuli that normally

lead fairly quickly to the satisfaction of normal appetites and especi-

ally to oviposition." Macropterous females comprised only 4% of

the population at site 1, but they comprised 13% of the L. hesperius
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that were marked and recaptured in pitfall traps (Figure 11). This

difference might indicate that macropterous females are indeed more

inclined than males or brachypterous females to move about and

ignore feeding and oviposition stimuli. This conclusion is, however,

rather tenuous and does not necessarily apply to flight behavior.

The experimental data thus fits some criteria for migrant

insects as proposed by Johnson (1969). L. hesperius probably do

not migrate in the true sense of the term but instead a small portion

of the population disperses in search of new habitat. I could not

determine from the sticky trap data whether the flights were migra-

tory or trivial for either the macropterous females or males.

Johnson (1969) also stated that migratory capacity depends on,

among other things, the proportions of brachypterous and macrop-

terous individuals in a population, which in turn are correlated to

some extent with the degree of impermanence of the habitat. A low

percentage of migratory, macropterous females might help explain

the slow dispersal rate which has been noted for L. hesperius (Haws

et al., 1973).

Feeding Damage

The wheatgrass damage data (Table 8) supports previous work

(Todd and Kamm, 1974) in that the percent cell-wall constituents and

percent acid-detergent fiber increase, and percent cell content
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decreases, as the percent damage increases, It should be noted that

the present analysis includes only the wheatgrass leaves, whereas

the data of Todd and Kamm included leaves and stems. The increase

in cell-wall constituents, including acid-detergent fiber, was a

relative increase due to removal by the bugs of cell contents (Todd

and Kamm, 1974). However, the percent lignin did not increase

along with the acid-detergent fiber, and therefore, according to the

summative equation (Van Soest, 1967), the digestibility of the cell-

wall constituents actually increased as bug damage increased. The

increase in the amount of the digestible cell-wall constituents offset

the decrease in cell contents to the extent that the total percent true

dry matter digestibility increased slightly, though not significantly,

as percent damage increased (Table 8).

The reliability of the summative equation of Van Soest is

comparable to the reliability of other in vitro techniques for estima-

tion of the digestibility of range forage (e. g. Wilson et al. 1971),

but the equation is not necessarily accurate for the evaluation of

foreages other than the ones for which the equation was derived

(Van Soest, 1967; Short et al. , 1973; Johnson et al. 1973). It seems

unreasonable that the digestibility of the cell-wall constituents

should increase as damage increases, especially to the extent of

more than counteracting the loss of cell contents. In vivo digestibility

tests are now necessary to resolve this point.
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The voluntary forage intake of ruminants declines with an

increasingly negative slope as the fraction of cell-wall constituents

increases (Van Soest, 1965). The critical level is about 60% cell-

wall constituents (Van Soest and Wine, 1967). The percent cell-wall

constituents surpassed the 60% point and more as the bug damage

reached even the 25% level (Table 8). Thus the voluntary intake by

ruminants of wheatgrass damaged by L, hesperius feeding should

decrease irrespective of the digestibility of the forage. The extent

that cell-wall constituents influence intake can be resolved only with

grazing trials.

Alteration of the Habitat

None of the fertilizer treatments, significantly reduced the den=,.

sity of L. hesperius but six treatments that contained nitrogen sig-

nificantly increased the density of bugs (Figure 13). Therefore some

of the beneficial effects of fertilization of crested wheatgrass with

nitrogen will be negated by the increased bug population. However,

the density of L. hesperius on plots fertilized with ammonium nitrate

at 33. 6 kilograms nitrogen per hectare was 68% greater than the bug

density on control plots (Appendix 7). In another study (Sneva, 1972)

a yearly fall application of ammonium nitrate at 33. 6 kilograms

nitrogen per hectare over 13 years resulted in a springtime average

herbage yield increase of 83% and a crude protein concentration
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increase of 54% over that on control plots. The bugs did not increase

in proportion to herbage yield as a result of fertilization with nitrogen.

However the bug density might increase further on fertilized wheat-

grass in subsequent seasons in relation to the quantity and quality of

available herbage since fecundity in L. hesperius probably depends

to some extent on the amount of food available to the bugs (Todd and

Kamm, 1974).

Paraquat effectively reduced the density of L. hesperius on

wheatgrass by prematurely curing the wheatgrass resulting in starva-

tion of the bugs. Apparently the 5% of grass that remained green after

being sprayed was affected by the herbicide to the extent that live

bugs were seldom found feeding on it. The number of eggs laid

was reduced since the females starved to death before oviposition.

Paraquat applied when ca. 50% of the females had mature eggs

reduced the number of eggs laid by 76% (Table 10), and even when

100% of the females had mature eggs spraying reduced the number

of eggs laid by 54%, though this last reduction was not significant

(P <. 05). Obviously the sooner Paraquat is applied after the adults

emerge the greater will be the reduction in egg density.

Herbage yield decreased on plots sprayed with Paraquat com-

pared to control plots. At site 1 the May 13 treatment reduced herb-

age yield by 10% on June 22, but this reduction was not significant

(P <. 05). At site 3 herbage yield was significantly reduced by 25%
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on June 25 and by 43% on August 5. Wheatgrass regrowth was includ-

ed in the quadrat samples and therefore it was also included in the

data. Herbage yield reduction in the present study was comparable

to that of other investigators. For example, Paraquat sprayed when

wheatgrasses matured in June reduced herbage yield by 22% on treated

plots by August 1 (Sneva, 1973) and by 43% on August 20 after a wet

summer (Sneva, 1967). However, decrease in protein and other

nutrients was more rapid in untreated wheatgrass, and fall herbage

on treated plots was therefore higher in estimated feed value than

on naturally cured plots. Paraquat sacrifices yield for quality but

yearling heifers grazing Paraquat-cured herbage had significantly

higher daily gains in weight than cattle grazing naturally cured

herbage (Sneva et al. , 1973).

The date of treatment at site 3 in the present study was compar-

able to treatments of Sneva and would therefore be expected to in-

crease the nutritional value of the forage despite the reduction in

yield. The 54% decrease in egg density in the June 7 treatment indi-

cates that further sampling might have shown a significant reduction

in egg density. Comparisons of site 1 herbage yield data with data

in the literature cannot be made because the plots were sprayed in

May and because herbage samples could not be taken in August due

to summer grazing. However, since herbage yield was reduced by

only 10% by June 22, and since the wheatgrass at site 1 had matured
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and was already naturally drying by that date, it is likely that herbage

yield on sprayed plots did not decrease to the extent of negating the

increase in quality of the herbage. The 76% reduction in egg density

caused by the May 13 treatment at site 1 indicates that a highly

significant reduction of the bug population density would result the

following spring.

The mechanical removal of herbage also reduced the density

of bugs (Table 14), When the herbage was mechanically mowed to a

stubble height of two to five centimeters during the egg stage, sub-

stantially fewer nymphs developed either because the eggs were

directly destroyed or they were exposed to more harsh winter condi

tions because the straws were broken open. An earlier study (Todd

and Kamm, 1974) and the present investigation both indicated that

the bugs rarely oviposit in the culm below a height of five centimeters.

Mechanical removal of herbage at site 1 during the nymphal and

adult stages significantly reduced the number of bugs if the bugs

were not confined to the plots, but not if the bugs were confined in

cages (Table 14). Both nymphs and adults moved off the mowed plots

when not confined, but those inside cages were able to survive on the

remaining green herbage. However, herbage removal during the

nymphal stages might reduce bugs when the density of bugs is

greater than it was at site 1. Site 2 was heavily grazed in the spring

and the population density fell from 185 bugs per 0. 09 m2 on May 9
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to 44 bugs per 0.09m on May 30 (Figure 4), possibly due to starva-

tion. Also females that mature on mowed plots may have a lower

fecundity due to lack of food to fully develop their ovaries.

Mechanical herbage removal during the adult stage but before

oviposition began reduced the egg density by eliminating oviposition

sites. Adults found sufficient food for survival in the stubble but

the females did not oviposit either in the stubble or in small pieces

of ground litter. An earlier study (Todd and Kamm, 1974) did find

that a relatively few eggs were oviposited in stubble and ground litter.

There are three possible methods of mechanical removal of

herbage as range management practices. Field burning effectively

destroys eggs and oviposition sites (Todd and Kamm, 1974) but is

no longer acceptable due to air pollution by the smoke. Hay crop

removal is an excellent alternative on pastures with a smooth terrain

and high productivity. Also, managed grazing may prove to be a

useful cultural practice that will reduce the bug population on Oregon

rangeland, provided that the animals are forced to graze all grasses

short enough to destroy eggs or eliminate oviposition sites, especi-

ally grasses like bulbous bluegrass that are preferred by L. hesperius

for oviposition. Spring grazing during the nymphal stages, whether

or not it reduces the bug population density, will nevertheless be

beneficial because the wheatgrass is consumed before it sustains

extensive bug damage.
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Thus the method of control for L, hesperius will depend on the

type of rangeland on which the bug occurs. On range with smooth

terrain and high productivity a hay crop removal should reduce the

number of eggs. On rough terrain a grazing schedule should be

developed taking into consideration the presence of grasses like

bulbous bluegrass that are preferred for oviposition and that mature

early and are relatively impalatable to cattle in the summer or fall.

Rangeland with such grasses should be grazed during the nymphal

and early adult stages to reduce food and oviposition sites while the

grass is palatable. If the grasses used for oviposition are palatable

during the summer and fall, then close grazing during the egg stage

should destroy large numbers of eggs. In any case the pasture should

be completely utilized each year so that old straws cannot accumulate

and thereby provide excellent oviposition sites and protection for the

bug. Currie (1970) found that grazing crested wheatgrass to a height

of 2. 5 centimeters for ten consecutive years did not adversely affect

the seeded stand. If Paraquat gains widespread use for chemically

curing range forage, then a well-timed spray treatment might reduce

bug numbers as well as increase the value of the forage for later

grazing in many range situations.
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SUMMARY AND CONCLUSIONS

Diapause development and subsequent termination of diapause

were regulated primarily by temperature. Eggs hatched in the lab-

oratory as early as December 3 after they were exposed to 3° or 9° C

for a minimum of 60 days and incubated for about two weeks in 15° C

and a 16-hour photophase. A temperature as low as -15° C did not

prevent egg-hatch but diapause development did not proceed at this

temperature. Egg-hatch was higher if the temperature treatment

included 30 days in an acclimation temperature of 9° or 3° C before

the eggs were exposed to 3° or -15° C, respectively. Egg diapause

in L. hesperius differed from that in some other mirids in that the

diapausing embryo of the former was in a far more advanced stage

of embryogenesis.

Females at site 1 preferred to oviposit in Sandberg's bluegrass

and dry crested wheatgrass but they also readily oviposited in cheat-

grass and green crested wheatgrass. They also oviposited in green

intermediate wheatgrass at site 3. Bug density was positively corre-

lated with the amount of dry wheatgrass culms present at different

locations at site 1 because the straws provided either oviposition

sites or protection or both.

The capture of bugs on sticky traps indicated that adults fly and

disperse aerially. Bugs apparently could perceive red, yellow, and

blue traps, but not white traps, at a flight altitude of 1. 52 meters,
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which was the common flight altitude. Macropterous females

developed mature eggs in their ovaries later than brachypterous

females indicating that the macropterous females are specialized

for dispersal. Trapping data indicated that males were capable of

flight but whether their flight was for dispersal or trivial in nature

is not certain. The low percentage of macropterous females in the

population might explain the slow dispersal rate of L. hesperius.

The bugs did move at least 7. 8 meters by walking on the ground

and 23. 2 meters by a combination of flying and walking. Another

mirid, Irbisia brachycera, was also captured in large numbers on

the sticky traps and appeared to disperse more readily than L.

hesperius,

Chemical analysis indicated that feeding damage to wheatgra,ss

by L. hesperius caused a decrease in the plant cell contents but an

increase in the digestibility of the cell-wall constituents. However,

a damage level of only 25% caused a relative increase in cell-wall

constituents to an extent that would probably decrease the voluntary

intake of wheatgrass by ruminants.

Fertilizer treatments with nitrogen significantly increased the

density of L. hesperius but none of the fertilizer treatments signifi-

cantly decreased the density. The bug density did not increase in

proportion to the increase in herbage yield of fertilized wheatgrass.

The herbicide Paraquat indirectly killed nymphs and adults of
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L. hesperius by prematurely curing the wheatgrass which resulted

in starvation of the bugs. The egg density was also reduced because

the females starved to death before they were able to oviposit. Para-

quat reduced the herbage yield as expected but increased the quality

of the herbage. Prematurely curing wheatgrass with Paraquat will

be an economical method of controlling L. hesperius provided that

the spray can be timed to both reduce the bug population and increase

the feed value of the forage.

Mechanical removal of herbage during the egg stage reduced

the bug population density by directly destroying the eggs or by

exposing them to more harsh winter conditions or both. Mechanical

removal during the nymphal and adult stages did not directly affect

the population density since the bugs were able to find sufficient food

for survival in the stubble. However, mechanical removal of

herbage during the nymphal stages can reduce bug density in popu

lations that are relatively dense originally, and removal immediately

before oviposition prevents the females from laying eggs. Field

burning, hay crop removal, and grazing are cultural practices that

might control L. hesperius by eliminating food and oviposition sites.

Hay crop removal, grazing during the nymphal and early adult stages,

and grazing during the egg stage should each prove useful for reducing

L. hesperius on different types of pasture infested with bugs.
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Appendix 1. Numbers of eggs and nymphs of Labops hesperius on five different sample stations on a hillside at site 1.

Station number
1 2 3 4 5

Number of eggs
per 0.90 m2
(August, 1973) X

87
115

519
545

336
539

135
254

277
182

101.0 532.0 437.5 194.5 229.5

Number of nymphs 230 70 100 70 100 200 70 320 250 0

per 0.09 m2 30 20 440 140 80 120 150 60 10 130

(X 10) SO 110 920 350 390 530 110 220 160 20

(April, 1974) X 8S 337 237 155 95

Percent survival 84. 2 63.3 54. 1 79.5 41.3

Analysis of variance of the regression of percent survival on station number

Source df SS MS

REGRESSION
ERROR
TOTAL

1

3

4

484. 4160
776. 5120

1260. 9280

484. 4160
258. 8373

1.87m

ns: not significant at P <. 05



Appendix 2. Numbers of Labops hesperius and weights of green culms of crested wheatgrass
from five sample stations at site 1. But samples were taken from April 21-26,
1974, and wheatgrass samples were removed on April 27, 1974.

Station number
3 4

Number of L hes erius 23

3

60

103

31

24

10

8

7

15per 0. 09 m

5 29 24 39 11

7 76 51 20 32

2 43 12 12 6

11 62 36 53 22

8.5 62. 2
---

29.7 23. 7 15.5

Grams of green
wheatgrass per

65.2

36. 0

31.3

36. 2

27.9

27.7

20.3

29. 6

27.6

20.0
0.09 m2

50.5 25.4 22.7 23. 9 25. 9

X 50. 57 30. 97 26. 10 24. 60 24. 50

85

Analysis of variance of the regression of mean number of bugs on mean grams of wheatgrass

Source df SS MS

REGRESSION 1 161. 6108 161. 6108 ns

ERROR 3 1565. 8772 521. 9591

TOTAL 4 1727. 4880

ns : not significant at P G 05
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Appendix 3. Numbers of Labops hesperius and weights of old, dry culnis of crested wheatgrass

from five sample stations at site 1. Bug samples were taken from April 21-26, 1974,
and wheatgrass samples were removed on April 27, 1974.

Station number
1 2 3 5

Number of L. hesperius 23 60 31 10 7

per 0. 09 m2
3 103 24 8 15

5 29 24 39 11

7 76 51 20 32

2 43 12 12 6

11 62 36 53 22

X 8.5 62.2 29.7 23.7 15.5

Grams of dry
wheatgrass per

28.3 117.8 132.7 24. 6 59. 9

0.09 m2
58.0 232, 0 140, 4 60. 7 50. 0

18.4 142. 8 83, 2 51.4 57. 8

34.90 164, 20 118.77 45. 57 55. 90

Analysis of variance of the regression of mean number of bugs on mean grams of wheatgrass

Source df SS MS

REGRESSION 1 1484. 1893 1484. 1893 18. 30*

ERROR 3 243. 2987 81.0996

TOTAL 4 1727. 4880

* significant at P <.05
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Appendix 4. Numbers of Irbisia brachycera captured on
sticky traps set at different heights.

Trap height
(meters)

Number of Irbisia

.15 99

. 61 93

1.07 52

1.52 47

Analysis of variance
Source df SS MS

REGRESSION 1 1943. 6717 1943. 671 7 15. 61ns

ERROR 2 249. 0783 1 24. 5392

TOTAL 3 2192. 7500

ns: not significant at P <. 05
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Appendix 5. Analyses of variance of the regressions of percentages of various chemical compo-
nents and digestibilities on the percent damage (determined visually) to crested

whe atgrass.

Regression of percent lignin on percent damage
Source df SS MS

REGRESSION 1 .0871 .0871

ERROR 2 . 1746 . 0873

TOTAL 3 . 2617

Regression of percent acid-detergent fiber on percent damage
Source df SS MS

REGRESSION 1 9. 5082 9. 5082

ERROR 2 1.0805 .5402
TOTAL 3 10. 5887

F

1. 0Ons

F

17. 60a

Regression of percent cell-wall constituents on percent damage (same as regression of percent

neutral-detergent solubles on percent damage)
Source df SS MS F

REGRESSION 1 25. 3125 25. 3125 20.34*

ERROR 2 2. 4894 1. 2447

TOTAL 3 27. 8019

Regression of percent digestibility of cell-wall constituents on percent damage

Source df SS MS F

REGRESSION 1 20. 0000 20. 0000 6. 6013s

ERROR 2 6.0600 3.0300
TOTAL 3 26.0600

Regression of percent of digestible cell-wall constituents on percent damage

Source df SS MS F

REGRESSION 1 35. 3780 35. 3780 11.21a

ERROR 2 6. 3120 3. 1560

TOTAL 3 41.6900

Regression of percent true dry matter digestibility on percent damage

Source df SS MS

REGRESSION 1 1. 0125 1.0125

ERROR 2 1. 0350 .5175

TOTAL 3 2.0475

F

1. 96ns

ns: not significant at P < .10
a significant at P < .10

significant at P < . 05



Appendix 6. Number of Labops hesperius per 0.09 m2 on c ontrol plots and on plots with different fertilizer treatments.

N1 = ammonium nitrate (33. 6 kg N/ha)
N2 = urea (33. 6 kg N/ha)

P = phosphate
S = sulfur

(44. 8 kg P205/ha)
(11. 2 kg gypsum/ha)

Replicate
number

Control
plots

Treatment plots
N1 N2 Ni -P N2 -S P-S N1 -P-S

1 49 58 42 29 74 59 32 45 110

32 26 39 23 27 31 51 30 41

2 58 82 95 16 48 75 48 53 99

32 67 57 36 66 46 75 65 38

3 66 127 51 50 37 95 20 32 39

36 66 46 20 44 25 49 34 106

4 23 63 91 27 22 83 43 58 88

26 53 84 38 23 56 64 64 67

Analysis of variance
Source df SS MS F

TREATMENTS 8 13049. 1111 1631. 1389 4. 17**

REPLICA TES 3 1927. 3889 642. 4630

TMTS X REPS 24 9393.1111 391. 3796

ERROR 36 17979. 0000 499. 4167

TOTAL 71 42348. 6111

** significant at P < .01



Appendix 7. Comparison of the mean density of Labops hesperius
(bugs /0. 09 m2) on different fertilizer treatment plots
with the mean density on control plots by least signifi-
cant difference (Sokal and Rohlf, 1969).

Ni = ammonium nitrate
N2 = urea
P = phosphate
S = sulfur

(33. 6 kg N/ha)
(33. 6 kg N/ha)
(44. 8 kg P205/ha)
(11. 2 kg gypsum/ha)

Treatment

Mean number of
L. hesperius

on
treatment

plots

Mean difference:
treatment mean
number - 40. 3 Level of
(mean number of significance
bugs on control

plots)

NI

N2

67. 8

63.1

27. 5

22. 8
J.

P 29. 9 -10. 4 ns

S 42. 6 2. 3 ns

N1 -P 58. 8 18. 5 a

N1 -S 47. 8 7, 5 ns

P-S 47. 6 7. 3 ns

Ni -P-S 73. 5 33. 2 Jo Jor

ns: not significant at P <. 10
a significant at P <.10

significant at P <. 05
significant at P <. 01**

LSD
. 10 = 16. 93

LSD
. 05 = 20.42

LSD. 01 = 27, 67



Appendix 8. Number of Labops Lesperius per 0.09 m2 on control plots and on plots with different fertilizer treatments.

N1 = ammonium nitrate (67. 2 kg N/ha) P = phosphate (89. 7 kg P205/ ha)
N2 = urea (67. 2 kg N/ha) S = sulfur (22. 4 kg gypsum/ha)

Replicate Control
number plots

Treatment plots
N1 N2 P S Nl-P N1-S P-S NI -P-S

1 29 23 22 18 36 64 79 22 55

30 24 39 43 22 24 67 15 54

2 49 21 54 3Z 47 37 124 41 47

45 91 54 22 35 20 98 40 92

3 29 102 21 38 62 26 90 35 93

72 53 19 36 25 124 66 38 34

45 66 111 25 33 78 34 47 90

49 57 80 34 21 58 59 75 62

Analysis of variance
Source df SS MS F

TREATMENTS 8 14135. 6944 1766. 9618 2. 66*

REPLICATES 3 4250. 0556 1416. 6852

TMTS X REPS 24 15937. 1944 664. 0498

ERROR 36 17115.0000 475. 4167

TOTAL 71 51437, 9444

* significant at P <. 05
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Appendix 9. CompariSon of the mean density of Labops hesperius
(bugs /0. 09 m2) on different fertilizer treatment plots
with the mean density on control plots by least signifi-
cant difference (Sokal and Rohlf, 1969).

Ni = ammonium nitrate (67. 2 kg N/ha)
N2 = urea (67. 2 kg N/ha)
P = phosphate (89.7 kg P205/ha)
S = sulfur (22.4 kg gypsum/ha)

Mean number of Mean difference:
L. hesperius treatment mean

Treatment on number - 43. 5 Level of

treatment (mean number of significance

plots bugs on control
plots )

Ni

N2

54.6

50.0

11.1

6. 5

ns

ns

P 31.0 -12.5 ns

S 35. 1 -8. 4 ns

N1-P 53.9 I O. 4 ns

Ni -S 77.1 33. 6

P-S 39.1 -4. 4 ns

N1 -P-S 65.9 22. 4 a

ns: not significant at P <. 10
a significant at P <. 10
* significant at P <. 05
LSD 10 = 22. 05

LSD 7' 26. 59
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Appendix 10. Number of live Labops hesperius per 0. 09 m2 on
unsprayed plots and on plots sprayed with Paraquat
on April 30, 1974 at site 1. Samples were taken
on May 11, 1974.

Replicate Unsprayed Sprayed
number plots plots

1 45 0

17 0

22 1

38 4
26 6

16 1

23
41
40

4
1

3

30
63 4
42 7

t-test, unequal variances
t = 8. 953

t (. 99, 3 df) = 5. 841

t (. 999, 3 df) = 12. 924

mean difference is significant at P <. 01



Appendix 11. Number of live Labops hesperius per 0. 09 m2 in
cages on unsprayed plots and in cages on plots
sprayed with Paraquat on April 30, 1974 at site 1.
Samples were taken on May 8, 1974.

Replicate
number

Cages on
unsprayed

plots

Cages on
sprayed

plots

1 55
71 0

2 36 0

22 2

3 32
43

4 30 2

44 0

t-test, unequal variances
t = 5. 391

t (. 95, 3 df) 3.182

t (. 99, 3 df) = 5.841

mean difference is significant at P <. 05



95

Appendix 12. Number of live Labops hesperius per 0. 09 in on
unsprayed plots and on plots sprayed with Paraquat
on April 30, 1974 at site L. Samples were taken on
May 16, 1974.

Replicate Unsprayed
number plots

Sprayed
plots

1 46
7

2 29
8

3 28
28

2
0

48
8

36 10
18 4

t-test, equal variances
t = 2. 326

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05



Appendix 13. Number of live Labops hesperius per 0. 09 m2 on
unsprayed plots and on plots sprayed with Paraquat
on April 30, 1974 at site 1. Samples were taken
on May 24, 1974.

96

Replicate Unsprayed Sprayed
number plots plots

1

3

4

10

8

17

21

4

5

t-test, unequal variances
t = 3. 048

t (. 95, 3 df) = 3. 182

mean difference is not significant at P <. 05
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Appendix 14. Number of live Labops hespe per 0. 09 m2 on
unsprayed plots and on plots sprayed with Paraquat
on May 13, 1974 at site 1. Samples were taken on
May 21, 1974.

Replicate Unsprayed
number plots

Sprayed
plots

1

2

3

4

26
31

14

12
19
12

0

0

1

2

1

2

14 2

32 0

12 3

13
27
20

1

3

t-test, unequal variances
t = 8. 136

t (. 99, 3 df) = 5. 841

t (, 999, 3 df) = 12. 924

mean difference is significant at P <. 01
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Appendix 15. Number of live Lal2221 hesperius per 0. 09 m2 in
cages on unsprayed plots and in cages on plots
sprayed with Paraquat on May 13, 1974 at site 1.
Samples were taken on May 21, 1974.

Replicate
number

Cages on
unsprayed

plots

Cages on
sprayed
plots

1 15 1

30 1

2 12 0

12

3 26 0

14 0

4 13 2

27 1

t-test, unequal variances
t = 8. 606

t (. 99, 3 df) = 5. 841

t (. 999, 3 df) = 12, 924

mean difference is significant at P <. 01
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Appendix 16. Number of live Labops hesperius per O. 09 m2
on unsprayed plots and on plots sprayed with
Paraquat on May 13, 1974 at site 1, Samples
were taken on June 3, 1974.

Replicate
number

Unsprayed
plots

Sprayed
plots

1

2

3

4

14

5

18

7

3

1

t-test, unequal variances
t = 2.716
t (. 95, 3 df) = 3.182
mean difference is not significant at P <. 05



Appendix 17.
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Number of eggs of Lal222f hesperius per 0. 09 m2 in
cages on unsprayed plots and in cages on plots sprayed
with Paraquat on May 13, 1974 at site 1. Samples
were taken on June 22, 1974,

Replicate
number

Cages on
unsprayed

plots

Cages on
sprayed

plots

2

3

4

281

1 23

310

228

38

15

102

73

t-test, equal variances

t = 3. 931

t (. 99, 6 df) = 3. 707

t (. 999, 6 df) = 5. 959

mean difference is significant at P C. 01



101

Appendix 18. Dry weight yield (grams /0. 90 m2) of crested wheat-
grass from unsprayed plots before and after the
early Paraquat treatment (April 30, 1974) at site 1.

Replicate
number

Date of herba e uadrat removal
April 29, 1974 June 22, 1974

65. 4 69. 7
89.1

43. 4 61. 9
46. 8

3 83. 8 68. 0
67. 7

4 63. 9 57. 5

53. 1

t -test, equal variances
t = 0. 010

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Appendix 19. Dry weight yield (grams /0. 90 m2) of crested wheat-
grass from unsprayed plots before and after the late
Paraquat treatment (May 13, 1974) at site 1.

Replicate
number

Date of herbage quadrat removal
May 12, .1974 June 22, 1 974

1 48. 2 69. 7
89. 1

2 65. 6 61. 9
46. 8

3 71. 2 68. 0
67. 7

4 55. 0 57. 5
53. 1

t -test, equal variance
t= 0. 537

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Dry weight yield (grams /0. 90 m2) of crested wheat-
grass from early treatment plots (sprayed) before
and after the early Paraquat treatment (April 30,
1974) at site 1.

Replicate
number

Date of herbage quadrat removal
April 29, 1974 June 22, 1974

1 57. 8 46. 9
54, 7

2 60. 8 51, 6
70.4

3 75. 4 46. 2
65. 9

4 67. 5 53. 7
41. 8

t-test, equal variances
t = 2. 351

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Dry weight yield (grams /0. 90 m2) of crested wheat-
grass from late treatment plots (sprayed) before and
after the late Paraquat treatment (May 13, 1974) at
site 1.

Replicate
number

Date of herbage quadrat removal
May 12, 1974 June 22, 1974

1 62. 8 76. 1

59. 7

2 53. 1 57. 6
46. 3

60. 2 55. 2

67. 3

4 63. 9 44. 5

55. 4

t-test, equal variances
t = 0. 463

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Appendix 22. Dry weight yield (grams /0. 90 m2) of crested wheat-
grass from unsprayed plots, early treatment plots
(sprayed with Paraquat on April 30, 1974), and late
treatment plots (sprayed with Paraquat on May 13,
1974) at site 1. Herbage quadrats were removed
on June 22, 1974.

Replicate
number

Unsprayed
plots treatment

Early

plots

Late
treatment

plots

1 69. 7 46.9 76. 1

89. 1 54. 7 59. 7

2 61. 9 51.6 57. 6
46. 8 70. 4 46. 3

3 68. 0 46. 2 55. 2

67. 7 65. 9 67. 3

4 57. 5 53. 7 44, 5
53. 1 41, 8 55. 4

Analysis of variance

Source df SS MS F

TREATMENTS 2 435. 4358 217. 7179 1. 98ns

REPLICATES 3 784. 5146 261. 5049

TMTS X REPS 6 681. 1042 113. 5174

ERROR 12 1114. 8350 92. 9029

TOTAL 23 3015. 8896

ns: not significant at P <. 05
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Appendix 23. Number of live Labops hesperius per 0. 09 m2 on
unsprayed plots and on plots sprayed with Paraquat
on June 7, 1974 at site 3. Samples were taken on
June 13, 1974.

Replicate
number

Unsprayed
plots

Sprayed
plots

1

2

4

9 0

14 0

14 1

8 0

23 3
36 0

17 0

28 0
24 0

11 1

12 0

29 0

t-test, unequal variances
t = 7. 475

t (. 99, 3 df) = 5. 841

t (. 999, 3 df) = 12. 924

mean difference is significant at P <. 01
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Appendix 24. Number of live Labops hesperius per 0. 09 m2 in
cages on unsprayed plots and in cages on plots
sprayed with Paraquat on June 7, 1974, at site 3.
Samples were taken on June 14, 1974.

Replicate
number

Cages on
unsprayed

plots

Cages on
sprayed
plots

21

20
0

1

2 15 2

13 0

3 8 0

15 4

4 18
14 0

t -test, unequal variances
= 6. 524

t (. 99, 3 df) = 5. 841

t (. 999, 3 df) = 12. 924

mean difference is significant at P <. 01
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Appendix 25. Number of live Labops hesperius per 0. 09 m2 on
unsprayed plots and on plots sprayed with Paraquat
on June 7, 1974 at site 3. Samples were taken on
June 21, 1974.

Replicate Unsprayed Sprayed
number plots plots

2

3

4

10

12

6

5

1

0

t-test, unequal variances
t = 5. 435

t (. 95, 3 df) = 3.182

t (. 99, 3 df) = 5. 841

mean difference is significant at P <. 05
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Appendix 26. Number of eggs of Labops hesperius per 0. 09 m2 in
cages on unsprayed plots and in cages on plots sprayed
with Paraquat on June 7, 1974 at site 3. Samples were
taken on June 25, 1974.

Replicate
number

Cages on
unsprayed

plots

Cages on
sprayed
plots

1 205 100

2 177 36

3 67 7

4 263 185

t-test, equal variances
t = 1. 685

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Appendix 27. Dry weight yield (grams /0. 90 m2) of intermediate
wheatgrass from unsprayed plots before and after
the Paraquat treatment (June 7, 1974) at site 3.

Replicate
number

Date of herbage quadrat removal
June 7, 1974 August 5, 1974

1 60. 9 83. 9
92. 2

2 75. 6 67. 5
75. 6

3 53. 2 65. 6
94. 6

4 54. 5 86. 2
89. 0

t-test, equal variances
t = 3. 228

t (. 95, 6 df) = 2. 447

t (. 99, 6 df) = 3. 707

mean difference is significant at P <. 05



Appendix 28. Dry weight yield (grams/O. 90 m2) of intermediate
wheatgrass from sprayed plots before and after the
Paraquat treatment (June 7, 1974) at site 3.

111

Replicate
number

Date of herbage quadrat removal
June 7, 1974 August 5, 1974

1

3

4

56. 0

68.5 47. 0

64.8 46. 5

73.5 59. 2
43. 5

43. 1
41. 0

41. 1

51. 9

t-test, equal variances
t = 4. 445

t (. 99, 6 df) = 3. 707

t (. 999, 6 df) = 5. 959

mean difference is significant at P <. 01
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Appendix 29. Dry weight yield (grams/0. 90 m2) of intermediate
wheatgrass from unsprayed plots and from plots
sprayed with Paraquat on June 7, 1974 at site 3.
Herbage quadrats were removed on June 25, 1974.

Replicate
number

Unsprayed
plots

Sprayed
plots

1

2

69. 6
71. 6

64. 5
66. 6

3 62.1
77. 8

4 66. 7
68. 2

71. 1
52. 1

37. 7
53. 3

50. 1
44. 9

55. 2
45. 1

t-test, unequal variances
t = 5. 873

t (. 99, 3 df) = 5. 841

t (. 999, 3 df) = 1 2. 924

mean difference is significant at P <. 01



Appendix 30, Dry weight yield (grams /0. 90 m2) of intermediate
wheatgrass from unsprayed plots and from plots
sprayed with Paraquat on June 7, 1974 at site 3.
Herbage quadrats were removed on August 5, 1974.

113

Replicate
number

Unsprayed
plots

Sprayed
plots

1 83. 9 43. 1

92. 2 41. 0

2 67. 5 47. 0

75. 6 41, 1

3 65. 6 46. 5

94. 6 51. 9

4 86. 59. 2

89. 0 43. 5

t-test, equal variances
t = 7. 909

t (. 999, 6 df) = 5. 959

mean difference is significant at P <. 001
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Appendix 31. Number of Labops hesperius per 0. 09 m2 on control
plots and on plots where herbage was mechanically
removed. Treatment plots were mowed on August 30,
1973, and bug samples were taken April 17-24, 1974.

Replicate
number

Control
plots

Straw
r emoval
plots

1

2

3

4

34
10
92

1

1

3

19 13
6 0

7 1

13 7

10 2

14

7 1

44 3

35 15

t-test, unequal variances
t = 2. 365

t (. 95, 3 df) = 3.182
mean difference is not significant at P <. 05
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Appendix 32. Number of Labops hesperius per 0. 09 m2 in cages
on control plots and in cages on plots where herbage
was mechanically removed. Treatment plots were
mowed on August 30, 1973, and bug samples were
taken April 17-24, 1974.

Replicate Cages on Cages on
number control straw

plots removal
plots

1 26
8

2 9
20

3 4
17

4 15
22

3

1

t-test, equal variances
t = 6. 236

t (. 999, 6 df) = 5. 959

mean difference is significant at P <. 001
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Appendix 33. Number of Labops hesperius per 0. 09 m2 on control
plots and on plots where herbage was mechanically
removed. Treatment plots were mowed on April 18,
1974, and bug samples were taken May 1-4, 1974.

Replicate Control Straw
number plots removal

plots

1

2

3

4

57 41
17 6

30 35

84 9

23 9

46 14

6 40
15 9
46 19

28
55
22

16
4
8

t-test, equal variances
t = 2. 476

t (. 95, 6 df) = 2.447
t (. 99, 6 df) = 3.707
mean difference is significant at P <. 05
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Appendix 34. Number of Labops hesperius per 0. 09 m2 on control
plots and on plots where herbage was mechanically
removed. Treatment plots were mowed on May 14,
1974, and bug samples were taken on May 22, 1974.

Replicate Control
number plots

Straw
removal

plots

1 10 2

10 6

17 3

2 8 0

15 2

17 1

3 8 2

9 0

14 0

4 16 4
30 0

12 1

t-test equal variances

t = 5. 864

t (. 99, 6 df) = 3.707

t (. 999, 6 df) = 5. 959

mean difference is significant at P <. 01
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Number of Labops hesperillas per 0. 09 m2 in cages
on control plots and in cages on plots where herbage
was mechanically removed. Treatment plots were
mowed on May 14, 1974, and bug samples were taken
on May 22, 1974.

Replicate
number

Cages on
control

plots

Cages on
straw

removal
plots

1

3

4

11
10

13
8

14
10

9
15

11
7

5

16

6
7

12
11

t-test, equal variances
t = 1. 602

t (. 95, 6 df) = 2. 447

mean difference is not significant at P <. 05
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Appendix 36. Number of eggs of Labopshelperius per 0. 09 m 2 in
cages on control plots and in cages on plots where
herbage was mechanically removed. Treatment
plots were mowed on May 14, 1974, and egg samples
were taken on June 26, 1974.

Replicate
number

Cages on
control
plots

Cages on
straw

removal
plots

1 101 0

2 29 0

3 65

4 96 0

t-test, unequal variances
t = 4. 379

t (. 95, 3 df) = 3.182

5 (. 99, 3 df) = 5. 841

mean difference is significant at P 05


