
AN ABSTRACT OF THE THESIS OF

Christopher F. Murphy for the degree of Master of Science

in Entomology presented on December 16, 1988.

Title: Forest Ant Composition, Relative Abundances, and

Foraging Following Aerial Spraying of Carbaryl to Suppress

Western Spruce Budworm

Redacted for privacy
Abstract approved:.

Bildh A(. Croft

An outbreak of western spruce budworm Choristoneura

occidentalis in the Blue Mountains of eastern Oregon in

1983 was treated with helicopter applied carbaryl. Effects

of the spraying on forest ants were determined from pre-

and postspray samples taken from two carbaryl sprayed and

two unsprayed plots. In each 0.75-ha plot, arboreally

foraging ants were sampled with sticky drop traps placed

under Douglas-fir and grand fir trees. Ground foraging

ants were sampled from catfood baited boards. During eight

weeks of sampling, 13,225 ants from seven genera and 19

species, including seven known budworm predators, were

collected. After spraying, ant species diversity decreased

in the sprayed plots. Postspray foraging decreased in all

plots but decreased more rapidly and to a greater extent in

sprayed plots. Among ground foragers, budworm predators



were the only species clearly affected by the spraying.

Arboreal foragers, nearly all budworm predators, showed a

significant decrease in foraging rate in sprayed plots.

Some species showed no apparent effects from the spraying.

Overall foraging remained depressed for at least six weeks

after spraying, long enough for budworm pupation to occur.

Reduced ant predation pressure on sparse budworm

populations remaining after spraying may contribute to

budworm resurgence.



Forest Ant Composition, Relative Abundances, and Foraging
Following Aerial Spraying of Carbaryl to Suppress Western

Spruce Budworm

by

Christopher F. Murphy

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Completed December 16, 1988

Commencement June 1989



APPROVED:

Redacted for privacy
Professor of Entomology in charge of major

Redacted for privacy

Head ,6f Department ojEntomology

Redacted for privacy

Dean of Grad a

U
e Schoo/

Date thesis is presented December 16, 1988



ACKNOWLEDGEMENTS

I thank my committee members, Dr. Timothy Schowalter, Dr.
David Thomas, and Dr. James Hall for their support,
suggestions, and timely reviews of my thesis. I
especially thank my major professor, Dr. Brian Croft, for
his constant encouragement, unfailingly constructive
criticisms, and willingness for teaching me how to get
things done. I thank Dr. Richard Waring for providing
laboratory space at a crucial time in my work, and I thank
Steven Shattuck for teaching me much about ant biology and
taxonomy. I greatly appreciate the help of Dr. Torolf
Torgersen, who provided many lessons on how to work in the
woods, and who generously gave his time and expertise. I

thank Dr. Robert Campbell for teaching me much about
science and for making me forever curious as to how insect
populations behave. Lastly, I am most grateful to my
wife, Nancy, for her unending support, her many
sacrifices, and for pretending to believe me when I told
her I would be done in six months.



TABLE OF CONTENTS

INTRODUCTION 1

MATERIALS AND METHODS 6

Study Areas 6

Sampling 9

Data Analysis 11
Species composition 11
Relative abundances 11
Ant foraging 11

RESULTS 16
Species Composition 16
Relative Abundances 22
Ant Foraging 34

Baited boards 34
Drop traps 37

DISCUSSION 58

LITERATURE CITED 66

APPENDICES

APPENDIX A 71
ANALYSIS OF VARIANCE TABLES 71

APPENDIX B 80
INGREDIENTS OF CAPITOL BRAND CAT FOOD 80



LIST OF FIGURES

Figure Page

1. Locations of sites used to sample ants in the
Malheur National Forest near John Day, Oregon
in 1983

2. Changes in relative abundances of ant species
collected from baited boards after carbaryl
spraying at Dan's Creek study site in the
Malheur National Forest near John Day, Oregon
in 1983 (species abbreviations as in Table 3)

3. Changes in relative abundances of ant species
collected from baited boards after carbaryl
spraying at Murderer's Creek study site in
the Malheur National Forest near John Day,
Oregon in 1983 (species abbreviations as in
Table 3)

4. Changes in relative abundances of all ant
species, except L. pallitarsis, collected
from baited boards after carbaryl spraying at
Murderer's Creek study site in the Malheur
National Forest near John Day, Oregon in 1983
(species abbreviations as in Table 3)

5. Changes in relative abundances of ant species
collected from baited boards after carbaryl
spraying at Starr Ridge study site in the
Malheur National Forest near John Day, Oregon
in 1983 (species abbreviations as in Table 3)

6. Changes in relative abundances of ant species
collected from baited boards after carbaryl
spraying at Herberger Spring study site in
the Malheur National Forest near John Day,
Oregon in 1983 (species abbreviations as in
Table 3)

7. Changes in relative abundances of ant species
collected from drop traps after carbaryl
spraying at Dan's Creek study site in the
Malheur National Forest near John Day, Oregon
in 1983 (species abbreviations as in Table 3)

8

24

25

26

27

28

30



8. Changes in relative abundances of ant species
collected from drop traps after carbaryl
spraying at Murderer's Creek study site in
the Malheur National Forest near John Day,
Oregon in 1983 (species abbreviations as in
Table 3)

9. Changes in relative abundances of ant species
collected from drop traps after carbaryl
spraying at Starr Ridge study site in the
Malheur National Forest near John Day, Oregon
in 1983 (species abbreviations as in Table 3)

10. Changes in relative abundances of ant species
collected from drop traps after carbaryl
spraying at Herberger Spring study site in
the Malheur National Forest near John Day,
Oregon in 1983 (species abbreviations as in
Table 3)

11. Numbers of ants collected from baited boards
in two carbaryl sprayed sites in the Malheur
National Forest near John Day, Oregon in 1983

12. Numbers of ants collected from baited boards
in two unsprayed sites in the Malheur
National Forest near John Day, Oregon in 1983

13. Treatment x sample interaction responses and
significance of interactions using back-
transformed means from ANOVA's of ants
collected from baited boards in carbaryl
sprayed or unsprayed sites in the Malheur
National Forest near John Day, Oregon in
1983.

14. Totals of ants on drop traps under trees in
carbaryl sprayed and unsprayed sites in the
Malheur National Forest near John Day, Oregon
in 1983

15. Sample totals of ants on drop traps under
trees in carbaryl sprayed (Dan's Ck.,
Murderer's Ck.) and unsprayed (Starr Ridge,
Herberger Spring) sites in the Malheur
National Forest near John Day, Oregon in 1983

16. Sample totals of ants on drop traps under
trees in carbaryl sprayed (Dan's Ck.,
Murderer's Ck.) and unsprayed (Starr Ridge,
Herberger Spring) sites in the Malheur
National Forest near John Day, Oregon in 1983

31

32

33

35

36

38

39

42

43



17. Regressions of ln(ants/plot) vs. Julian date
for all species of ants in either sprayed or
unsprayed plots in the Malheur National
Forest near John Day, Oregon in 1983

18. Regressions of ln(ants/plot) vs. Julian date
for Camponotus modoc in either sprayed or
unsprayed plots in the Malheur National
Forest near John Day, Oregon in 1983

19. Regressions of ln(ants/plot) vs. Julian date
for Formica accreta in either sprayed or
unsprayed plots in the Malheur National
Forest near John Day, Oregon in 1983

20. Regressions of ln(ants/plot) vs. Julian date
for Camponotus modoc in either sprayed or
unsprayed plots in the Malheur National
Forest near John Day, Oregon in 1983

21. Summary of hypotheses explaining ant foraging
reduction in two carbaryl sprayed sites in
the Malheur National Forest near John Day,
Oregon in 1983

47

49

50

51

62



LIST OF TABLES

Table Page

1. Locations and characteristics of plots used
to sample ants in the Malheur National Forest
near John Day, Oregon in 1983

2. Sources of variation and expected mean
squares for ANOVA of differences between
sampling period means of ants on drop traps
in four sites in the Malheur National Forest
near John Day, Oregon during carbaryl
suppression of western spruce budworm in 1983

3. Ant species collected during eight weeks of
sampling from four sites in the Malheur
National Forest near John Day, Oregon during
carbaryl suppression of western spruce
budworm in 1983

4. Ant species collected from baited boards in
pre- and postspray samples from carbaryl
sprayed and unsprayed plots in the Malheur
National Forest near John Day, Oregon during
suppression of western spruce budworm in 1983

5. Ant species collected from drop traps in pre-
and postspray samples from carbaryl sprayed
and unsprayed plots in the Malheur National
Forest near John Day, Oregon during
suppression of western spruce budworm in 1983

6. Numbers of ant species collected and percent
of species common among four sites in the
Malheur National Forest near John Day, Oregon
during carbaryl suppression of western spruce
budworm in 1983

7. Tests of site similarity and of pre- or
postspray sample x treatment interactions
from ANOVA's of ants collected from baited
boards in four sites in the Malheur National
Forest near John Day, Oregon during carbaryl
suppression of western spruce budworm in 1983

8 Regressions of transformed totals (n=6) of
ants on drop traps vs. Julian date from four
sites in the Malheur National Forest near
John Day, Oregon during carbaryl suppression
of western spruce budworm in 1983

7

15

17

18

19

21

40

44



9. Comparisons of slopes from regressions of
transformed totals of ants on drop traps vs.
Julian date from four sites in the Malheur
National Forest near John Day, Oregon during
carbaryl suppression of western spruce
budworm in 1983

10. Mean differences between sampling period
means, and tests of significance of
differences, in mean ants per tree on drop
traps in carbaryl sprayed or unsprayed sites
in the Malheur National Forest near John Day,
Oregon during western spruce budworm
suppression in 1983

11. Coefficients of variation from ANOVA's of
differences between sampling period means of
ants per tree on drop traps in carbaryl
sprayed and unsprayed sites in the Malheur
National Forest during western spruce budworm
suppression in 1983

12. Stratum contributions to total sampling
variation in ANOVA's of differences between
pre- and postspray sampling period means of
ants per tree on drop traps in four plots in
the Malheur National Forest during carbayl
spraying of western spruce budworm in 1983

12. Stratum contributions to total sampling
variation in ANOVA's of differences between
pre- and postspray sampling period means of
ants per tree on drop traps in four plots in
the Malheur National Forest during carbayl
spraying of western spruce budworm in 1983
(continued)

45

52

54

55

56



LIST OF APPENDIX TABLES

Table Page

Al. Analysis of variance of pre- and postspray
means of log transformed sample totals of
ants collected from baited boards in carbayl
sprayed or unsprayed plots in the Malheur
National Forest near John Day, Oregon in
1983: all ant species combined

A2. Analysis of variance of pre- and postspray
means of log transformed sample totals of
ants collected from baited boards in carbayl
sprayed or unsprayed plots in the Malheur
National Forest near John Day, Oregon in
1983: common ant species

A3. Analysis of variance of pre- and postspray
means of log transformed sample totals of
ants collected from baited boards in carbayl
sprayed or unsprayed plots in the Malheur
National Forest near John Day, Oregon in
1983: common nonpredator ant species

A4. Analysis of variance of pre- and postspray
means of log transformed sample totals of
ants collected from baited boards in carbayl
sprayed or unsprayed plots in the Malheur
National Forest near John Day, Oregon in
1983: common predator ant species

A5. Analyses of variance of differences between
sampling period means of ants per tree on
drop traps in carbaryl sprayed or unsprayed
plots in the Malheur National Forest near
John Day, Oregon during suppression of
western spruce budworm in 1983: all species
combined

A6. Analyses of variance of differences between
sampling period means of ants per tree on
drop traps in carbaryl sprayed or unsprayed
plots in the Malheur National Forest near
John Day, Oregon during suppression of
western spruce budworm in 1983: Camponotus
modoc

71

72

73

74

75

76



A7. Analyses of variance of differences between
sampling period means of ants per tree on
drop traps in carbaryl sprayed or unsprayed
plots in the Malheur National Forest near
John Day, Oregon during suppression of
western spruce budworm in 1983: Camponotus
vicinus

A8. Analyses of variance of differences between
sampling period means of ants per tree on
drop traps in carbaryl sprayed or unsprayed
plots in the Malheur National Forest near
John Day, Oregon during suppression of
western spruce budworm in 1983: Formica
accreta

A9. Analyses of variance of differences between
sampling period means of ants per tree on
drop traps in carbaryl sprayed or unsprayed
plots in the Malheur National Forest near
John Day, Oregon during suppression of
western spruce budworm in 1983: Formica
neorufibarbis

77

78

79



FOREST ANT COMPOSITION, RELATIVE ABUNDANCES, AND FORAGING

FOLLOWING AERIAL SPRAYING OF CARBARYL TO SUPPRESS WESTERN

SPRUCE BUDWORM

INTRODUCTION

In forest ecosystems, ants play important roles in

wood decomposition, soil aeration, and nutrient cycling.

Ants influence subterranean organic matter in forests by

introducing prey and nesting material into soils and by

excavating woody material above and below ground. By

influencing the physical and chemical properties of the

soil around nests, ants can affect the microorganisms

responsible for the breakdown of organic matter. Energy

flow through ant populations can be greater than through

the homeothermic population in the same habitat (Petal

1978). Herb distribution in communities can be changed

appreciably by the actions of ants (Handel et al. 1981;

Culver and Beattie 1978; Janzen 1969). Ants can profoundly

affect other animals in the forest community through

mutualism, competition, and predation (Studd and Lodhi

1981; Cherix and Bourne 1980; Myers and Campbell 1976; Way

1963). Research in Europe, and to a lesser extent in North

America, has long focused on the role of ant predation in

forest protection (Youngs 1983, Finnegan 1974, Adlung 1966,

and Cotti 1963).
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Western spruce budworm, Choristoneura occidentalis

Freeman, is a defoliator of conifers in western North

America. In the Pacific Northwest, western spruce budworm

(WSB) defoliation increased from 609,000 ha in 1982 to 1.0

million ha in 1983. In eastern Oregon in 1983, every

national forest experienced a budworm outbreak (Kucera and

Taylor 1984). Forest pest managers seeking to suppress WSB

populations rely mainly on insecticide treatments of

outbreaks (Stipe 1985). Carbaryl (1-naphthyl N-

methylcarbamate), a carbamate insecticide, is the most

widely used insecticide for budworm suppression in the West

and has been sprayed on nearly 520,000 ha (1.3 million

acres) since 1966 (Stipe 1985). In 1983, 212,000 ha in the

Northwest were treated with insecticides to suppress WSB,

and 203,000 of those hectares were treated with carbaryl

(Kucera and Taylor 1984).

In the Pacific Northwest, foliage-foraging ants are

important predators of larvae and pupae of WSB (Campbell et

al. 1984; Youngs and Campbell 1984; Campbell and Torgersen

1982). In some WSB populations, predation by ants has been

shown to be a major mortality factor (Campbell et al.

1983). Potentially, the conservation or augmentation of

native predaceous ant populations could be used as part of

a WSB control program. It is important to identify the

interactions between chemical controls and biological
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control processes so that these tactics may be combined for

maximum efficiency.

Numerous studies have documented the effects of

carbaryl on nontarget terrestrial invertebrates (Theiling

and Croft 1988). Some of these studies have focused on the

effects of carbaryl on natural enemies of pests in forests.

Greene (1983) and Swezey et al. (1982) found, in laboratory

studies, that carbaryl was toxic to clerid and trogositid

beetles that prey on western pine bark beetle (Dendroctonus

brevicomis LeConte). Doane and Shaefer (1971) found that

20 days after aerial spraying, carbaryl was still highly

toxic to Calasoma spp., carabids that are predators on the

larvae of gypsy moth (Lymantria dispar L.). Dean et al.

(1976) found that populations of Calasoma spp. in New York

were depressed for the rest of the year after being sprayed

with carbaryl.

In a study on the effects of carbaryl on parasites of

the WSB, Tunnock (1978) found no decrease in parasites

emerging from budworm larvae collected from a sprayed area

when compared with larvae from an untreated site. Schmid

(1981) examined percent parasitism of WSB larvae in sites

sprayed with carbaryl and in unsprayed sites in New Mexico.

Glypta fumiferanae Viereck decreased significantly in the

sprayed sites, and Phytodietus fumiferanae Rohwer

increased. Other parasites showed no apparent changes in

percent parasitism. In northeast Oregon, populations of
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yellowjackets (Vespula spp. and Dolichovespula spp.) did

not appear to be affected after carbaryl spraying (Roush

and Akre 1978).

Relatively few investigators have considered ants

during studies of pesticide effects on nontarget species in

forests. Holmes et al. (1981) reported that few ants

(unidentified species) fell into plastic buckets placed

under balsam fir trees in plots sprayed with carbaryl.

Roush and Akre (1978) counted numbers of ants crossing a

line near nests during 30 min. checks in untreated plots

and in plots sprayed with either carbaryl, acephate, or

diflubenzuron. Two days after carbaryl spraying, ant

activity was severely depressed, but activity appeared

normal after two weeks. Spraying with diflubenzuron had no

effect on the ant colonies, but colonies sprayed with

acephate were dead within two weeks. The authors made no

observations of foragers away from the nests, however, and

the study was limited to mound building Formica.

Hard et al. (1977) observed Formica spp. mounds in

Montana, Idaho, and British Columbia after aerial spraying

with acephate. No differences in the numbers of active vs.

inactive F. obscuripes (Forel) mounds were seen in sprayed

areas when compared with unsprayed areas in Montana or

Idaho, but there were significantly fewer active mounds of

F. integroides Emery in the sprayed area in British

Columbia when compared with the unsprayed area. No
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prespray data were taken during this study, and again, only

mound-building Formica were examined.

Because at least 16 ant species from two genera are

recorded predators of budworms in North America (Youngs and

Campbell 1984; Markin 1979; Finnegan 1978; Bain 1974;

Sanders 1964) and because several ant genera inhabit forest

ecosystems, more information on the effects of insecticides

on the complex of forest ants is needed. A carbaryl

treatment of a western spruce budworm outbreak in 1983

provided an opportunity to evaluate effects of this

insecticide on several genera of forest ants. The

objectives of this study were to determine whether aerial

spraying of carbaryl in a forest influenced the ant species

present, the abundance of any ant species relative to

another, or the foraging of any ant species.
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MATERIALS and METHODS

Study Areas

Four 0.75-ha plots in the Bear Valley Ranger District,

Malheur National Forest near John Day, Oregon, were

selected for study (Table 1 and Figure 1). Two plots,

Dan's Creek and Murderer's Creek, were in areas sprayed

with carbaryl to control WSB, and two plots, Starr Ridge

and Herberger Spring, were in nearby unsprayed areas.

The predominant trees in all plots were Douglas-fir,

Pseudotsuga menziesii var. glauca (Beissn.) Franco, and

grand fir, Abies grandis (Dougl.) Lindl. Scattered

ponderosa pine, Pinus ponderosa Laws were also present.

All plots were similar in elevation, aspect, and slope

with the exception of slope at Dan's Creek (Table 1). The

slightly steeper slope at Dan's Creek was not judged to be

a major difference from the other plots, as the vegetation

in and around Dan's Creek was similar to the vegetation in

and around the other three sites. Variation among plots

resulting from habitat differences was thus reduced to the

extent possible.

Estimates of WSB instar IV densities were made in

areas immediately adjacent to the study plots during a

concurrent sampling study. The two sprayed plots, Dan's
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Table 1. Locations and characteristics of plots used
to sample ants in the Malheur National Forest near John
Day, Oregon in 1983

Elevation Slope
Plot Location (meters) Aspect (degrees)

Dan's
Creek T16S,R29E,S6 1577 W 18

Murderer's
Creek T15S,R30E,S18 1511 SSW 6

Starr
Ridge T15S,R31E,S21 1579 SSW 6

Herberger
Spring T15S,R31E,S26 1577 W 2
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Ck. and Murderer's Ck., had higher densities of WSB

(331.2/m2 and 544.4/m2, respectively) than did the two

unsprayed plots, Starr Ridge and Herberger Spring (240.2/m2

and 249.7/m2, respectively) (T.R. Torgersen, personal

communicationl). Defoliation from budworm larval densities

greater than 97.6/m2 is categorized as heavy and may range

from 51 to 100 percent (Carolin and Coulter 1972;

Srivastava and Campbell 1983 unpubl.); thus, budworm

populations in all plots were considered in outbreak.

Sampling

Ant foraging activity was determined from samples

taken before and after the 6 July 1983 helicopter spraying

of carbaryl for control of WSB. Sampling began on 20 June

1983 and ended on 17 August 1983. Ground foraging ants

were collected with a small portable vacuum (Paul and Mason

1985) from 20- by 20-cm baited boards. Twenty-five baited

boards were set at 14.4-m intervals in a grid covering 0.33

ha within each plot. Baits of 50 g of Capitol Brand2

canned catfood were placed on the boards early in the

morning before ant activity began. Ground foraging ants

were collected from the surface of the boards later that

afternoon only if temperatures were between 14 and 26°C.

The baited boards were not sampled when the sky was

I Data on file at USDA Forestry and Range Sciences
Laboratory, La Grande, OR 97850.

2 Capitol Brand is a registered trademark of West
Coast Grocery Co., Tacoma, WA 98401. Ingredients are
listed in Appendix B.
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overcast. Ground foraging ants on baited boards were

sampled nine times at each plot: twice before the carbaryl

spraying and seven times after the spraying.

Arboreally foraging ants were sampled with 30- by 60-

cm rectangular sticky drop traps placed under the live

crowns of Douglas-fir and grand fir. Tanglefoot3 sticky

material was applied to butcher paper pinned to the surface

of the boards. This method was used by Youngs and Campbell

(1984) who found that the rate of ants falling ontodrop

traps is proportional to the density of ant traffic on the

bole of the tree. Forty-eight drop traps were used per

plot, with three traps placed under each of 16 trees

sampled in clusters of four. Ants were collected from the

drop traps soon after sunrise on the fourth day after the

traps were set out. Ants falling from tree canopies

ontodrop traps were sampled six times at each plot: twice

before the carbaryl spraying and four times after the

spraying.

Ants collected from baited boards were placed in 70%

alcohol and taken to the laboratory for identification.

Ants caught on sticky drop traps were placed in 8-oz

styrofoam coffee cups and taken to the laboratory. There,

the sticky material was dissolved in kerosene warmed in a

water bath. The ants were then placed in alcohol.

Tanglefoot is a registered trademark of Tanglefoot
Co., 314 Straight Ave. SW, Grand Rapids, MI 49504.
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Specimens were identified using keys (Creighton 1950,

Francoeur 1973, Gregg 1963, Shattuck 1985, Wheeler and

Wheeler 1963) and from comparisons with voucher specimens

maintained at the USDA Forestry and Range Sciences

Laboratory, La Grande, Oregon, and at the Systematic

Emtomology Laboratory, Oregon State University, Corvallis,

Oregon.

Data Analysis

Species composition. Fisher's exact test (Dixon

and Massey 1983) was used to determine whether the increase

or decrease in numbers of ant species in plots following

spraying depended on whether the plots were in sprayed or

unsprayed areas.

Relative abundances. The abundance of each ant

species relative to the total number of ants collected was

determined for both the baited board samples and the drop

trap samples. Change in percent abundance of a species was

determined from the difference between prespray and

postspray percents of species abundance.

Ant foraging. The activity of ground foraging

ants in a plot was indexed by the number of ants captured

from baited boards. Ant totals from each sample of baited

boards in a plot were transformed using log(x + 1) to

stabilize sample variances and because some totals equaled

zero (Elliott 1977). A prespray mean of the transformed
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data was calculated from the two prespray samples for each

plot. A postspray mean was similarly calculated from the

seven postspray samples. The hypothesis that variation in

prespray and postspray ground foraging was similar in plots

receiving the same treatment was tested using a two-way

analysis of variance (ANOVA) without replication (Sokal and

Rohlf 1981). The treatment x plot interaction was assumed

to be zero. When variability due to plot was not

significant, the two plots within each treatment were

considered replicates. A standard two-way ANOVA was then

used to test for an interaction between sampling (pre- or

postspray) and treatment (sprayed or unsprayed).

Ground foraging ants were not collected in sufficient

numbers to permit statistical analysis of foraging by

individual species; therefore, ant species were grouped

into four categories based on species occurrence in the

study plots and on species tendencies for preying on WSB.

Species groups included: all ant species, all ant species

common among plots, common ant species that are budworm

predators and common ant species that are not budworm

predators. Budworm predator species were determined using

either of two criteria: determination by Youngs and

Campbell (1984) that the species is a consistent predator

of WSB, or observation during this study of an ant species

carrying more than ten WSB back to a nest. Budworm
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nonpredators were defined as those species that are

sporadic or unrecorded budworm predators.

Arboreal ant foraging was indexed by the number of

ants captured on sticky drop traps. Linear regression was

used to examine changes in arboreal ant foraging through

time. For each regression, residuals were plotted against

the independent variable to determine the aptness of the

regression model. Only those regressions showing no

relation between residuals and the independent variable

were used. Dependent variables in the regressions were

transformed with natural logarithms to normalize residuals

(Neter et al. 1983). When all ant species were considered,

the total number of ants captured on drop traps in a plot

during a sample was transformed using ln(x). When

individual ant species were considered, plot-sample totals

were transformed using ln(x + 1) because some totals

equaled zero. The transformed plot-sample totals were

regressed against sample dates expressed as Julian days.

Differences between plots in the rates of arboreal ant

foraging were tested using two-tailed t-tests of regression

slopes (Dixon and Massey 1983). When slopes from

regressions of plots treated alike were not significantly

different, the sample totals from those plots were pooled

as treatment-sample means. These means were transformed as

before and regressed against sample dates to examine
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changes in arboreal foraging between sprayed and unsprayed

areas.

The relative contributions of the sampling strata to

the overall variation in the drop trap data were examined

using a mixed model nested ANOVA (Sokal and Rohlf 1981).

Sources of variation included trees nested within clusters,

clusters nested within plots, and plots nested within the

two treatments, sprayed and unsprayed (Table 2). Drop trap

samples were combined into three sampling periods: the

prespray sampling period containing samples one and two,

the first postspray sampling period containing samples

three and four, and the second postspray sampling period

containing samples five and six. For each sampling period,

the mean of ants per tree captured on drop traps was

calculated. Differences between pairs of period means were

then analyzed by ANOVA. Analyses of differences allowed

examination of the changes in ant foraging and satisfied

the assumptions necessary for proper application of ANOVA.

A separate ANOVA was calculated for the differences between

each pair of sample periods for each ant species common

among all plots and for all ant species as a group.
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Table 2. Sources of variation and expected mean
squares for ANOVA of differences between sampling period
means of ants on drop traps in four sites in the Malheur
National Forest near John Day, Oregon during carbaryl
suppression of western spruce budworm in 1983

Source n df E (MS)

Spray treatment 2 1 a2+ rac2+ rca
P
2+ rcpET2/(t-1)

Plots/treatment 2 2 a2+ rac2+ rca 2
P

Clusters/plot
/treatment 4 12 a2+ rac2

Trees/cluster
/plot/treatment 4 48 a2

where: r = # of trees/cluster

c = # of clusters/plot

p = # of plots/treatment

t = # of treatments



RESULTS

Species Composition

16

In eight weeks of sampling, 2,781 ants were collected

from baited boards and 10,444 ants were collected from drop

traps. Nineteen ant species from three subfamilies were

collected from the study areas (Table 3); seven of these

species were considered predators of WSB, as defined

previously. Seventeen species were collected from baited

boards (Table 4), and 15 species were collected from drop

traps (Table 5). Ten ant species were common among all

plots. Five common species were collected from both baited

boards and from drop traps in all plots: Camponotus modoc,

C. vicinus, Formica accreta, F. lasioides, and F.

neorufibarbis. Four species were collected only from

baited boards: Leptothorax muscorum, L. rugatulus, Myrmica

emeryana, and Tapinoma sessile. One species, C.

laevigatus, occurred in each site but was not collected in

all plots by either of the two methods. Only one ant

species, Lasius alienus, represented by a single worker,

was found in a plot (Herberger Spring) and was not

collected from either baited boards or drop traps. No

other species not captured from baited boards or drop traps

were found in any plot during daytime or nighttime

searches.
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Ant species collected during eight weeks of
four sites in the Malheur National Forest
Oregon during carbaryl suppression of
budworm in 1983

Subfamily Species Abbreviation

MYRMICINAE

DOLICHODERINAE

FORMICINAE

Aphaenogaster
subterranea (Emery) AS

Leptothorax
muscorum (Nylander)
nevadensis Wheeler
rugatulus Emery

LeM
LeN
LeR

Myrmica
emeryana Wheeler ME

Tapinoma
sessile (Say)

Camponotus
laevigatus (F. Smith)
modoc Wheeler
vicinus Mayr

Formica
accreta Francoeur
argentea Wheeler
hewitti Wheeler
lasioides Emery
manni Wheeler
sp. microgyna group
neorufibarbis Emery
podzolica Francoeur

Lasius
alienus (Foerster)
Pallitarsis (Provancher)

TS

CL
CM
CV

FAc
FAr
FH
FL

FM
FN
FP

LaA
LaP

* = recorded budworm predator.
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Table 4. Ant species collected from baited boards in
pre- and postspray samples from carbaryl sprayed and
unsprayed plots in the Malheur National Forest near John
Day, Oregon during suppression of western spruce budworm in
1983

Sprayed Unsprayed

DC1 MC SR HS

Species Pre Post Pre Post Pre Post Pre Post

Aphaenogaster
subterranea 0 0 2 4 11 42 0 0

Leptothorax
32 0 13 0 39 60 182 518muscorum

nevadensis 0 0 0 2 0 7 0 24
rugatulus 5 0 1 1 7 16 7 13

Mvrmica
4 0 1 0 6 5 3 4emeryana

Tapinoma
3 5 23 0 64 49 25 14sessile

Camponotus
2 0 0 0 2 0 2 1laevigatus

modoc 186 5 123 1 86 84 107 79
vicinus 9 3 11 4 9 9 4 7

Formica
21 11 8 12 18 27 1 6accreta

argentea 0 0 0 0 0 1 0 1

lasioides 5 1 0 3 2 0 4 2

manni 0 0 0 0 1 0 0 0

microgyna gr. 0 0 41 0 0 0 0 0

neorufibarbis 1 1 11 1 7 1 10 17
podzolica 0 1 0 0 0 2 4 1

Lasius
0 0 588 0 13 20 1 11pallitarsis

1 DC = Dan's Creek, MC = Murderer's Creek, SR = Starr
Ridge, HS = Herberger Spring.
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Table 5. Ant species collected from drop traps in
pre- and postspray samples from carbaryl sprayed and
unsprayed plots in the Malheur National Forest near John
Day, Oregon during suppression of western spruce budworm in
1983

Species

Sprayed Unsprayed

DC1 MC SR HS

Pre Post Pre Post Pre Post Pre Post

Aphaenogaster
subterranea 0 1 0 0 0 0 0 0

Leptothorax
5 1 0 0 0 0 0 0muscorum

Tapinoma
0 0 0 0 0 0 0 2sessile

Camponotus
4 0 3 0 0 2 0 0laevigatus

modoc 310 100 96 14 176 175 163 324
vicinus 144 147 183 128 82 60 52 68

Formica
979 654 889 290 802 742 155 128accreta

argentea 3 0 6 4 0 0 0 0

hewitti 7 9 4 4 0 0 0 0

lasioides 5 3 3 14 2 10 4 99
microgyna gr. 0 0 124 6 0 0 0 0

neorufibarbis 141 61 586 340 398 569 661 442
loodzolica 8 8 27 7 1 2 0 0

Lasius
1 0 0 0 0 0 0 0alienus

pallitarsis 0 0 0 0 0 2 2 2

1 DC = Dan's Creek, MC = Murderer's Creek, SR = Starr
Ridge, HS = Herberger Spring.
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Two records of ant species were excluded from the

analyses. Both records were of single workers and were the

only observations of those species in the plots where they

were collected. The collection of Formica manni from a

baited board at Starr Ridge on 22 June was considered

accidental. The baited board was immediately adjacent to a

clearing used as a recreational campsite. Formica manni is

considered a desert species (Creighton 1950) and is not

usually found in forests. No other F. manni were found at

any of the four plots. The collection of Aphaenociaster

subterranea from a drop trap at Dan's Ck. on 14 July was

not considered an indication of the presence of this

species at this plot. No ground foraging A. subterranea

were observed at Dan's Ck., and this was the only

collection of this species from a drop trap during the

study. This species is a small ant and could have been

wind blown onto the trap or carried phoretically to the

tree by a bird or small mammal.

The four plots showed no significant differences among

the numbers of ant species collected at least once during

sampling, either prespray or postspray (chi-square =

0.5932, p>.05, df = 3). The proportions of common species

relative to the total number of ant species in each plot

were also similar (Table 6).

The ant species collected before and after spraying

are listed in Table 4 and Table 5. The two sprayed plots
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Table 6. Numbers of ant species collected and percent
of species common among four sites in the Malheur National
Forest near John Day, Oregon during carbaryl suppression of
western spruce budworm in 1983

Prespray
Plot samples

Postspray
samples

Both
samples

% of spp.
common among

sites

Dan's CK.
(sprayed) 14 9 14 71.4

Murderer's Ck.
(sprayed) 16 11 17 58.8

Starr Ridge
(unsprayed) 13 15 15 66.7

Herberger Spring
(unsprayed) 12 13 13 76.9
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each lost five ant species after the spraying. One of the

sprayed plots, Murderer's Ck., gained one ant species after

being sprayed. Neither of the unsprayed plots lost any ant

species after the spray date; however, each unsprayed plot

gained two ant species following the spray date.

Comparisons between plots of the numbers of species

lost and gained after the carbaryl spraying showed that the

two sprayed plots were not significantly different from one

another and that the two unsprayed plots were not

significantly different from one another. Probabilities of

more extreme differences, calculated with Fisher's exact

test, were equal to 1.0 for both comparisons. The

comparison between sprayed and unsprayed areas showed that

the instances of ant species lost or gained after the spray

date depended on whether the areas were sprayed or

unsprayed (p = 0.004).

Relative Abundances

Three species made up more than 77% of the 2780 ants

collected from baited boards: Leptothorax muscorum (30.4%),

Camponotus modoc (24.1%), and Lasius pallitarsis (22.8%).

Tapinoma sessile (6.6%) and Formica accreta (3.7%) were the

next most abundant ants. No other species represented more

than 2.1% of the total collected from baited boards. The

nine ant species that were collected from baited boards and
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that were common to all plots made up 72.7% percent of the

baited board sample. Ant species considered to be budworm

predators made up 31.8% of all the ants collected from

baited boards and 46.7% of the common species total.

On drop traps, the five species common among plots

made up 98.6% of the 10,444 ants collected. Four of these

species accounted for 97.3% of the total collected from

drop traps: Formica accreta (44.4%), F. neorufibarbis

(30.6%), Camponotus modoc (13.0%), and C. vicinus (9.3%).

The fifth common species was F. lasioides. All of these

species are budworm predators. Formica sp. (microgyna

gr.), collected only at Murderer's Ck., made up 1.2% of the

total drop trap sample. The remaining nine species

collected from drop traps accounted for about 1% of the

sample.

After the carbaryl spraying, the relative abundances

of ant species collected from baited boards changed in both

the sprayed plots and in the unsprayed plots; however,

changes were more pronounced in the sprayed plots (Figures

2 through 6). When all ant species were considered,

changes in the postspray relative abundances in the sprayed

plots, Dan's Ck. and Murderer's Ck., were dissimilar. The

change in the relative abundances of species at Murderer's

Ck. was heavily weighted by the disappearance of Lasius

pallitarsis from the postspray samples. One of the baited

boards in Murderer's Ck. was within 5-cm of an entrance to
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Figure 2. Changes in relative abundances of ant
species collected from baited boards after carbaryl
spraying at Dan's Creek study site in the Malheur National
Forest near John Day, Oregon in 1983 (species abbreviations
as in Table 3).
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Figure 3. Changes in relative abundances of ant
species collected from baited boards after carbaryl
spraying at Murderer's Creek study site in the Malheur
National Forest near John Day, Oregon in 1983 (species
abbreviations as in Table 3).
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Figure 4. Changes in relative abundances of all ant
species, except L. pallitarsis, collected from baited
boards after carbaryl spraying at Murderer's Creek study
site in the Malheur National Forest near John Day, Oregon
in 1983 (species abbreviations as in Table 3).
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Figure 5. Changes in relative abundances of ant
species collected from baited boards after carbaryl
spraying at Starr Ridge study site in the Malheur National
Forest near John Day, Oregon in 1983 (species abbreviations
as in Table 3).
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Figure 6. Changes in relative abundances of ant
species collected from baited boards after carbaryl
spraying at Herberger Spring study site in the Malheur
National Forest near John Day, Oregon in 1983 (species
abbreviations as in Table 3).
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a nest of L. pallitarsis. Hundreds of this species were

collected at this baited board before the spraying; none

were collected after. Examination of the changes in

species relative abundances at Murderer's Ck. without the

influence of L. pallitarsis showed that changes in species

abundances in this plot were more similar to those at Dan's

Ck. (Figure 4).

In both sprayed plots the percentage of Camponotus

modoc decreased about 50%. Camponotus vicinus increased 7%

to 10%, and Formica accreta increased about 40%.

Leptothorax muscorum decreased between 1 and 6% in both

sites, and in Murderer's Ck., F. sp. (microgyna group)

decreased more than 17%. In the unsprayed plots, the

relative abundance of C. modoc after the spray date

decreased between 9 and 24% (Figures 5 and 6). The

relative abundances of both C. vicinus and F. accreta

stayed about the same. Leptothorax muscorum showed a

relative increase in abundance after the spray date at

Herberger Spring, but this change was not reflected at

Starr Ridge.

In the drop trap samples, the relative abundance of C.

modoc decreased after spraying in the sprayed plots

(Figures 7 and 8) but remained about the same, or

increased, in the unsprayed plots (Figures 9 and 10). The

relative abundance of C. vicinus increased after the

spraying in the sprayed plots but stayed about the same in
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Figure 7. Changes in relative abundances of ant
species collected from drop traps after carbaryl spraying
at Dan's Creek study site in the Malheur National Forest
near John Day, Oregon in 1983 (species abbreviations as in
Table 3).
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Figure 8. Changes in relative abundances of ant
species collected from drop traps after carbaryl spraying
at Murderer's Creek study site in the Malheur National
Forest near John Day, Oregon in 1983 (species abbreviations
as in Table 3).
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Figure 9. Changes in relative abundances of ant
species collected from drop traps after carbaryl spraying
at Starr Ridge study site in the Malheur National Forest
near John Day, Oregon in 1983 (species abbreviations as in
Table 3).



30

0 20
0
2
2 10

z
ILl 00
Ui
0.

-10
Ui

5 -20

-30

14.7

0.0
1.4

0.0

8.9

Herberger Spring

0.0 0.0 0.0 0.2

-2.9

-22.2

CL CM CV FAc FAr FL FN FP

SPECIES

FM FH Other

33

Figure 10. Changes in relative abundances of ant
species collected from drop traps after carbaryl spraying
at Herberger Spring study site in the Malheur National
Forest near John Day, Oregon in 1983 (species abbreviations
as in Table 3).
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the unsprayed plots. Formica accreta showed no consistent

change in relative abundance in the sprayed plots, but it

decreased slightly in both the unsprayed plots. Formica

neorufibarbis showed the greatest changes in postspray

relative abundance, but the changes did not seem to be

related to whether the plots were sprayed or unsprayed. As

in the baited board samples, F. sp. (microgyna gr.)

decreased in relative abundance in the drop trap samples at

Murderer's Ck. after the spraying.

Ant Foraging

Baited boards. In all plots, the numbers of ants

collected from baited boards decreased through time. In

the sprayed plots, ground ant foraging fell sharply after

the carbaryl spraying and remained low for the duration of

the study (Figure 11). In the unsprayed plots, the

decrease in ground ant foraging was more variable and not

as severe (Figure 12). The mean number of ants collected

per sample from baited boards after the spraying dropped

96.2% in Dan's Ck. when compared with the prespray sample

mean. In Murderer's Ck., the postspray mean number of ants

per sample dropped 98%. In Starr Ridge and in Herberger

Spring, the postspray sample means dropped 51.1% and 21.1%,

respectively, relative to the prespray sample means.
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ANOVA of the pre- and postspray means of transformed

sample totals showed that, for all species groups, the two

sprayed plots were not significantly different from one

another. Similarly, the two unsprayed plots were not

significantly different from one another (Table 7). When

the combined sprayed areas were compared with the combined

unsprayed areas, the interaction of sample (pre- or

postspray) by treatment (sprayed or unsprayed) area was

significant at p = 0.05 for all ant species combined and

for ant species common among plots. The interaction was

not significant (p < 0.07) for common nonpredator species;

however, for common predator species, the interaction was

highly significant (Table 7). The interaction responses

for each species group are illustrated in Figure 13.

Complete ANOVA tables are contained in Appendix A.

Drop traps. All sites showed increased arboreal

ant foraging between the initial sample and the sample just

before the carbaryl spraying (Figure 14). The increase in

foraging was greater in the sprayed plots than in the

unsprayed plots. After the carbaryl spraying, foraging

decreased in all plots. There was a greater relative drop

in postspray foraging in the sprayed plots compared with

the unsprayed plots. Arboreal foraging in the sprayed

plots continued to decrease, while foraging in the

unsprayed plots leveled off or increased slightly.
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Table 7. Tests of site similarity and of pre- or
postspray sample x treatment interactions from ANOVA's of
ants collected from baited boards in four sites in the
Malheur National Forest near John Day, Oregon during
carbaryl suppression of western spruce budworm in 1983

Test df
Species
group

DC1= MC 1,1 All species 1.63 0.49
(sprayed Common spp. .65 .51
sites) Nonpredators 3.60 .41

Predators .49 .53

SR = HS 1,1 All species 12.74 .21
(unsprayed Common spp. 8.52 .28
sites) Nonpredators 10.83 .24

Predators .95 .50

Sample 1,4 All species 20.14 <.05
x Common spp. 26.99 <.05

Treatment Nonpredators 5.78 <.07
(all sites) Predators 133.92 <.005

1 DC = Dan's Creek, MC = Murderer's Creek., SR = Starr
Ridge, HS = Herberger Spring
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Eleven ant species caught on drop traps were not

collected in sufficient numbers for statistical analysis of

foraging. Six each of Leptothorax muscorum and Lasius

pallitarsis, two Tapinoma sessile, and single Aphaenogaster

subterranea and Lasius pallitarsis were captured on drop

traps during the study. The numbers of C. laevigatus, F.

argentea, F. hewetti, F. lasiodes, F. sp. (microgyna gr.),

and F. podzolica captured are shown in Figures 15 and 16.

Regressions of transformed sample totals on Julian

dates were calculated for each plot for all species

combined, C. modoc, C. vicinus, F. accreta, and F.

neorufibarbis (Table 8). In each sprayed plot, arboreal

foraging on a natural log scale decreased significantly

through time for all species combined, Camponotus modoc,

Formica accreta, and F. neorufibarbis . Two species showed

significant decreases in foraging through time in unsprayed

plots: C. modoc at Starr Ridge and F. neorufibarbis at

Herberger Spring. Camponotus vicinus showed no significant

change in foraging during sampling at any of the four

plots.

Comparisons of slopes from plots treated alike are

summarized in Table 9. Comparisons were not significant

between Dan's Ck. and Murderer's Ck. for all species

combined, C. modoc, C. vicinus, or F. accreta. Similarly,

for these data groups, comparisons between Starr Ridge and

Herberger Spring were not significant. Thus, for all
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Table 8. Regressions of transformed totals (n=6) of
ants on drop traps vs. Julian date from four sites in the
Malheur National Forest near John Day, Oregon during
carbaryl suppression of western spruce budworm in 1983

Species Site a b t-value P r2

All species DC1 13.76 -0.0408 -3.89 <.01 .79
MC 14.95 -.0470 -7.52 <.01 .93

SR 8.53 -.0117 -1.40 >.20 .33

HS 8.74 -.0143 -2.75 >.05 .65

SP 14.44 -.0443 -5.92 <.01 .89
UN 8.62 -.0128 1.97 >.20 .49

Camponotus DC 12.21 -.0429 -3.24 <.05 .72

modoc MC 14.11 -.0608 -4.01 <.05 .80
SR 8.00 -.0197 -3.10 <.05 .71
HS 3.39 -.0069 0.70 >.50 .11

SP 12.40 -.0464 -3.51 <.05 .75
UN 5.16 -.0045 -0.94 >.40 .18

Camponotus DC 7.13 -.0175 -1.22 >.20 .27
vicinus MC 8.66 -.0249 -2.71 >.05 .64

SR 6.68 -.0178 -1.51 >.20 .36
HS 7.96 -.0246 -2.09 >.10 .52

SP 7.96 -.0214 -1.93 >.10 .48
UN 6.97 -.0192 -4.76 <.01 .85

Formica DC 13.92 -.0443 -3.46 <.05 .75
accreta MC 17.63 -.0662 -7.73 <.01 .94

SR 8.66 -.0157 -1.99 >.10 .50
HS 7.36 -.0176 -1.72 >.10 .43

SP 15.45 -.0532 -5.42 <.01 .88
UN 8.35 -.0167 -2.37 >.05 .58

Formica DC 17.93 -.0773 -4.88 <.01 .86
neo- MC 11.33 -.0333 -4.43 <.05 .83

rufibarbis SR 5.60 -.0029 -0.27 >.79 .02
HS 10.60 -.0270 -3.54 <.05 .76

1 DC = Dan's Creek, MC = Murderer's Creek., SR = Starr
Ridge, HS = Herberger Spring, SP = sprayed areas, UN =
unsprayed areas.
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Table 9. Comparisons of slopes from regressions of
transformed totals of ants on drop traps vs. Julian date
from four sites in the Malheur National Forest near John
Day, Oregon during carbaryl suppression of western spruce
budworm in 1983

Species Comparison t-value

All species DC1= MC 0.5074 >.60
SR = HS 0.2683 >.60

SP = UN -3.1599 <.05

Camponotus DC = MC 0.8895 >.30
modoc SR = HS -1.5889 >.10

SP = UN -2.8839 <.05

Camponotus DC = MC 0.4401 >.60
vicinus SR = HS 0.4108 >.60

SP = UN 0.1870 >.80

Formica DC = MC 1.4304 >.10
accreta SR = HS 0.1458 >.10

SP = UN -2.9796 <.05

Formica DC = MC -2.5169 <.05
neo- SR = HS 1.8368 >.10
rufibarbis

1 DC = Dan's Creek, MC = Murderer's Creek, SR = Starr
Ridge, HS = Herberger Spring, SP = sprayed areas, UN =
unsprayed areas.
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species combined, C. modoc, C. vicinus, and F. accreta,

sample totals from plots treated alike were pooled as

sample means from sprayed or unsprayed areas. Formica

neorufibarbis was the only species that showed a

significant difference in the rates of foraging between two

plots within a treatment area; therefore, totals of F.

neorufibarbis were not pooled as means from sprayed or

unsprayed areas.

Regressions of the transformed means of pooled data on

mean sample dates (Julian) showed that there was a

significant decrease in foraging on a natural log scale

through time in the sprayed areas for all species combined,

C. modoc, and F. accreta (Table 8). There was no

significant change in C. vicinus foraging in the sprayed

areas. In the unsprayed areas, there was no significant

change in foraging for all species combined, C. modoc, or

F. accreta. Camponotus vicinus showed a highly significant

decrease in foraging in the unsprayed areas.

Differences between regression slopes from sprayed and

unsprayed areas were significant for all species combined,

C. modoc, C. vicinus, and F. accreta (Table 9). There was

no significant difference between slopes from sprayed or

unsprayed areas for C. vicinus. For all species combined,

the decrease in arboreal foraging in the sprayed areas

during sampling was nearly two and a half times greater

than the decrease in the unsprayed areas (Figure 17). The
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Figure 17. Regressions of ln(ants/plot) vs. Julian
date for all species of ants in either sprayed or unsprayed
plots in the Malheur National Forest near John Day, Oregon
in 1983.
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decrease in C. modoc foraging in the sprayed areas was more

than nine times greater than the decrease in foraging in

the unsprayed areas (Figure 18). Formica accreta showed

more than twice the decrease in foraging in the sprayed

areas during the sampling period as in the unsprayed areas

(Figure 19). Camponotus vicinus foraging decreased only

11% in the sprayed areas relative to the unsprayed areas

(Figure 20).

Complete ANOVA tables for the differences between

sampling period means of ants on drop traps per tree are

contained in Appendix A. Mean foraging per tree generally

decreased in both sprayed and unsprayed areas between

successive sampling periods (Table 10); however, for all

species combined, C. modoc, F. accreta, and F.

neorufibarbis, there were slight increases in mean foraging

per tree in the unsprayed areas between the first and

second postspray sampling periods. Mean decreases in

foraging were more pronounced in the sprayed areas relative

to the unsprayed areas with one exception: mean foraging of

F. neorufibarbis between the prespray and first postspray

sampling periods decreased more in the unsprayed areas than

did foraging in the sprayed areas.

F-tests of treatment effects (Table 10) were

significant only for all species combined and for two sets

of differences: the differences between the first and

second postspray sampling periods (Postsprayl to



49

160 180 200
JULIAN DATE

220

Figure 18. Regressions of ln(ants/plot) vs. Julian
date for Camponotus modoc in either sprayed or unsprayed
plots in the Malheur National Forest near John Day, Oregon
in 1983.
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Figure 19. Regressions of ln(ants/plot) vs. Julian
date for Formica accreta in either sprayed or unsprayed
plots in the Malheur National Forest near John Day, Oregon
in 1983.
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Figure 20. Regressions of ln(ants/plot) vs. Julian
date for Camponotus vicinus in either sprayed or unsprayed
plots in the Malheur National Forest near John Day, Oregon
in 1983.
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Table 10. Mean differences between sampling period
means, and tests of significance of differences, in mean
ants per tree on drop traps in carbaryl sprayed or
unsprayed sites in the Malheur National Forest near John
Day, Oregon during western spruce budworm suppression in
1983

Mean change
Sampling
period Unsprayed Sprayed S.E.

All species

Prespray - Postsprayl -19.36 -33.33 5.81 2.8810 n.s.
Postsprayl - Postspray2 1.70 -15.61 1.92 40.5518 *

Prespray-Postspray2 -17.66 -48.94 3.89 32.3174 *

C. modoc

Prespray - Postsprayl -1.89 -5.22 1.80 1.7053 n.s.
Postsprayl-Postspray2 .98 -.47 1.53 .4530 n.s.
Prespray-Postspray2 -.91 -5.69 2.63 1.6504 n.s.

C. vicinus

Prespray - Postsprayl -.91 -2.36 .80 1.6303 n.s.
Postsprayl-Postspray2 -.38 -1.20 .40 2.1264 n.s.
Prespray-Postspray2 -1.28 -3.56 .54 8.9865 n.s.

F. accreta

Prespray-Postsprayl -8.48 -16.56 4.36 1.7133 n.s.
Postsprayl-Postspray2 .66 -10.50 2.52 9.8000 n.s.
Prespray-Postspray2 -7.83 -27.06 3.80 12.8276 n.s.

F. neorufibarbis

Prespray-Postsprayl -9.00 -6.81 4.00 .1495 n.s.
Postsprayl- Postspray2 .70 -2.83 1.94 1.6488 n.s.
Prespray-Postspray2 -8.30 -9.64 5.89 .0260 n.s.



53

Postspray2), and the differences between the prespray

sampling period and the second postspray sampling period

(Prespray to Postspray2). Coefficients of variation (Table

11) were generally of greater magnitude for the unsprayed

areas with two exceptions: C. modoc between the first and

second postspray sampling periods, and F. neorufibarbis

between the prespray and first postspray sampling periods.

The relative contributions of the sampling strata to

the variability due to sampling within each ANOVA are given

in Table 12. Estimates of mean squares are independent;

therefore, if there is no added variance component to a

higher level mean square relative to a sublevel mean

square, the estimate of the higher level mean square is as

likely to be less as it is greater than the estimate of the

sublevel mean square (Sokal and Rohlf 1981). Estimates of

variance for clusters/plot and for plots were found by

subtraction (Table 2). Estimates of mean squares must not

be negative, but it is possible, due to subtraction, for an

estimate of a variance component to be negative. In the

case of a negative estimate of a variance component, the

estimate was interpreted to be equal to zero (Lee 1975).

For all species combined and for each individual ant

species, the classification contributing the most to

sampling variability was trees/cluster/plot. With the

exception of C. modoc, clusters/plot was the next largest

contributer to sampling variability--plots within
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Table 11. Coefficients of variation from ANOVA's of
differences between sampling period means of ants per tree
on drop traps in carbaryl sprayed and unsprayed sites in
the Malheur National Forest during western spruce budworm
suppression in 1983

Coefficient of variation
(percent)

Periods Unsprayed Sprayed

All species

Prespray-Postsprayl -30.0 -17.4
Postsprayl-Postspray2 -88.5 -12.3
Prespray-Postspray2 -22.0 -7.9

C. modoc

Prespray-Postsprayl -95.2 -34.5
Postsprayl-Postspray2 156.1 -325.5
Prespray-Postspray2 289.0 -46.2

C. vicinus

Prespray-Postsprayl -87.9 -33.9
Postsprayl-Postspray2 -105.3 -33.3
Prespray-Postspray2 -42.2 -15.2

F. accreta

Prespray-Postsprayl -51.4 -26.3
Postsprayl- Postspray2 381.8 -24.0
Prespray-Postspray2 -48.5 -14.0

F. neorufibarbis

Prespray - Postsprayl -44.4 -58.7
Postsprayl-Postspray2 277.1 -68.6
Prespray-Postspray2 -71.0 -61.1
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Table 12. Stratum contributions to total sampling
variation in ANOVA's of differences between pre- and
postspray sampling period means of ants per tree on drop
traps in four plots in the Malheur National Forest during
carbayl spraying of western spruce budworm in 1983

Sampling
period Stratum

Variance %

component
of total
variation

All species

Pre- Postl Plot -29.5879 0

Cluster/P 570.5027 14.2
Tree/C/P 3448.3720 85.8

Postl-Post2 Plot -21.7985 0

Cluster/p -171.6810 0

Tree/C/P 1153.7577 100

Pre- Post2 Plot -411.0260 0

Cluster/P 215.4478 3.4
Tree/C/P 6199.0787 96.6

C. modoc

Pre- Postl Plot 3.6501 6.6
Cluster/P -1.9870 0

Tree/C/P 53.4727 93.6

Postl-Post2 Plot 3.7624 12.8
Cluster/p -2.8125 0

Tree/C/P 25.6341 87.2

Pre- Post2 Plot 9.7339 7.9
Cluster/P -11.7233 0

Tree/C/P 112.7760 92.1
C. vicinus

Pre- Postl Plot -1.3758 0

Cluster/P -.5872 0

Tree/C/P 45.0846 100

Postl-Post2 Plot -.0768 0

Cluster/p .2930 5.3
Tree/C/P 5.2174 94.7

Pre- Post2 Plot -3.6537 0

Cluster/P 2.3002 3.8

(continued)
Tree/C/P 58.5234 96.2
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Table 12. Stratum contributions to total sampling
variation in ANOVA's of differences between pre- and
postspray sampling period means of ants per tree on drop
traps in four plots in the Malheur National Forest during
carbayl spraying of western spruce budworm in 1983
(continued)

Sample
periods Source

Variance %

component
of total
variation

F. accreta

Pre- Postl Plot -45.1258 0

Cluster/P 43.7767 3.6
Tree/C/P 1156.3007 96.4

Postl-Post2 Plot 4.3327 2.0
Cluster/p -18.4922 0

Tree/C/P 207.8490 98.0

Pre- Post2 Plot 341.0889 16.5
Cluster/P -79.7859 0

Tree/C/P 1729.6497 83.5
F. neorufibarbis

Pre- Postl Plot -6.2236 0

Cluster/P 97.3320 30.4
Tree/C/P 222.5313 69.6

Postl-Post2 Plot -.8379 0

Cluster/p -52.9603 0

Tree/C/P 346.2552 100

Pre- Post2 Plot 31.1188 3.9
Cluster/P 46.9141 5.8
Tree/C/P 724.6381 90.3
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treatments contributed very little to sampling variance.

For C. modoc, however, variability due to clusters/plot was

estimated to be zero in all analyses; variability

associated with plots within treatments was the only level

besides trees/cluster/plot contributing to sampling

variability.
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DISCUSSION

Ant occurrence and activity in forest habitats are

highly variable and are affected by factors such as local

weather, resource patchiness in time and space, and

patterns of direct sunlight and shade. Even amid such

variation, effects of the carbaryl spraying on some ants

were evident. Ant species diversity decreased after

spraying - -there were 10 instances of species disappearance

(involving eight species) in the sprayed plots and none in

the unsprayed plots. Ant foraging decreased in all sites

after an early season peak, but in sprayed sites, foraging

decreased more rapidly and to a greater extent than in

unsprayed sites. Foraging continued to be depressed in the

sprayed sites until sampling ended six weeks after

spraying.

Not all ant species were equally affected. The two

carpenter ants in the subgenus Camponotus (C. laevigatus

and C. modoc) were more affected than was C. vicinus, which

is in the subgenus Tanaemyrmex. Camponotus vicinus

increased somewhat in postspray abundance in the sprayed

sites and showed no difference between the rates of

foraging in sprayed or unsprayed areas. Camponotus

laevigatus disappeared from both sprayed sites after

spraying. Camponotus modoc (the most numerous carpenter
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ant and the second most abundant ground foraging ant)

decreased in postspray abundance, showed a 10-fold greater

reduction in foraging rate (ln scale) in sprayed areas, and

showed a six-fold greater reduction in postspray foragers

per tree in the sprayed areas4 when compared with unsprayed

areas.

Species in the genus Formica also showed varying

effects from the carbaryl spraying. Formica argentea,

although not common, disappeared from one sprayed plot

after spraying. Formica accreta, the most numerous

arboreally foraging ant, showed three-fold greater

reductions in both foraging rate (ln scale) and in numbers

of postspray foragers per tree in sprayed areas. Formica

accreta did not show a consistent change in postspray

relative abundance and this, along with the relative

magnitudes of the changes in its foraging, suggests it was

not as affected by the spraying as C. modoc. The other

common arboreally foraging ant, F. neorufibarbis, showed no

4 Although no arboreally foraging ant species showed a
significant difference between treatment areas in pre- to
postspray change in foraging when analyzed by ANOVA,
several factors need to be considered when interpreting
these data. The methods used to normalize the data also
centralized the data and this, in combination with few
degrees of freedom available for testing treatment effects,
may have made some true differences harder to detect. The
mean pre- to postspray differences in the numbers of
foragers per tree were consistently more negative in the
sprayed area than in the unsprayed area (Table 10). If
there were no true differences in the numbers of foragers,
there would likely be some differences from the sprayed
areas that were less negative than those from the unsprayed
areas.
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changes in relative abundance or foraging that could be

directly related to the carbaryl spraying.

Besides C. laevigatus, the only other species not

present in a postspray sample from either sprayed site was

M. emeryana. A few M. emeryana were collected foraging at

night, however, indicating that this species was not

exterminated. The carpenter ant C. laevigatus nests in

logs or stumps. Although no nests were found in the

sprayed sites, other sprayed nests outside the plots had

many dead workers nearby, but the nests did not appear

dead. Myrmica emeryana, along with the other species that

disappeared from at least one sprayed site after spraying

(Leptothorax muscorum, L. rugatulus, T. sessile, Lasius

alienus, L. pallitarsis, and F. argentea) typically nests

totally or partially in the ground. Carbaryl is known to

depress the activity of litter arthropods (Barret 1968).

Perhaps in combination with factors such as nest exposure,

low nest density, or tendency for feeding on poisoned soil

organisms, these ground nesting species were particularly

affected. At Murderer's Ck., two species, Lasius

pallitarsis and F. sp. (microgyna gr.), showed dramatically

decreased relative abundance and foraging; however, as

neither species was found at the other sprayed plot, these

decreases can not be attributed solely to the spraying.

The causes of the reductions in postspray occurrence

and foraging for some species in the sprayed areas are not
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clear. Few dead ants were seen in the plots after

spraying. To test if killed ants were scavenged quickly,

several dead ants were marked with flags and checked daily.

The marked ants remained in the plot for the duration of

the study (perhaps another indication of reduced foraging).

Arboreal foragers killed or suffering sublethal effects

from contact with carbaryl would have created a large pulse

of ants falling on drop traps. Instead, the largest drop

trap samples were before the spraying. Many ants were seen

carrying killed WSB larvae back to nests after the

spraying.

The possible causes for the reductions in ant foraging

following carbaryl spraying are summarized in Figure 21.

Emigration of foragers from the study sites because of prey

reduction is unlikely. In the sprayed sites, the cat food

baits provided an alternate food source that would have

helped offset a reduction in prey. Prey were also reduced

in the unsprayed sites -- fourteen days after spraying, WSB

densities fell 73.4% in Starr Ridge and 85.2% in Herberger

Spring (T.R. Torgersen, personal communications). Ant

foraging in the unsprayed sites did not decrease as

dramatically as in the sprayed sites, and, in fact, began

to increase toward the end of sampling. During the WSB

suppression project, carbaryl was sprayed over a wide area,

not only the study plots. Prey would have been widely

5 Data on file at USDA Forestry and Range Sciences
Laboratory, La Grande, OR 97850.
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reduced, and emigration of ants would likely be offset by

immigration of ants facing prey reductions in their

original territories.

Nest relocations of ants, once thought to occur only

infrequently (Stradling 1978), are actually more common

(Smallwood and Culver 1979). Large, complex colonies, like

those of the formicine ants that dominated arboreal

foraging, are moved less often than smaller, simpler nests.

Nest movements are usually less than the foraging range of

the colony (Smallwood 1982, Smallwood and Culver 1979). As

there were 48 drop traps and 25 baited boards in each .75-

ha plot, it is likely that most foragers from relocated

nests would have been captured except, possibly, near the

edges of plots.

Sublethal physiological effects of insecticides

affecting balance and coordination in ants (Dmitrienko

1979) would likely have resulted in higher drop trap

catches after spraying. Sublethal effects inhibiting

dropping behaviors in trees or inducing crown avoidance

would probably not have affected ground foragers. Direct

mortality of foragers was not seen. Thus, indirect

mortality of foragers or nonforaging nestmates appears the

most likely possibility. Feeding on poisoned prey may have

allowed some foragers to ingest enough unmetabolized

carbaryl to kill them or kill nestmates with which the

foragers shared food through trophallaxis (Dmitrienko



64

1979). The ant species most clearly affected by the

carbaryl spraying belong to the subfamily Formicinae which,

along with the Dolichoderinae, have the most highly

developed crops and regurgitative feeding behaviors among

ants (Eisner and Happ 1962).

Among two formicine ants (Formica spp.), radio labeled

food was shown to pass from foragers through the whole

colony in as little as 27 hours (Wilson and Eisner 1957).

The formicine ants typically have large, complex colonies

in which foraging is limited to a relatively small

proportion of the population. High mortality among

foragers, therefore, is not likely the sole cause of the

reductions seen in foraging. New foragers could be

introduced as larvae matured and new workers emerged.

Colonies of several Camponotus and Formica species are

known to contain large numbers of overwintering larvae that

complete development early in the foraging season, when

peak foraging occurs, typically mid-June to the end of July

(Post and Jeanne 1982, Sanders 1972, Talbot 1948).

Developing larvae need more protein than do adult workers,

and foragers are known to preferentially regurgitate

protein containing hemolymph to larvae (Abbot 1978).

Larvae may have been killed indirectly from feeding on

contaminated hemolymph or solid prey. Fewer new workers

would then be available to replace foragers. As noted

before, however, few dead ants were found in the study
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sites. It is possible that reduction in ant foraging was

not the result of ant mortality, but of behavioral changes

in which ants simply stopped foraging and remained in the

nests.

Campbell et al. (1983) suggest that ants affect the

population dynamics of the WSB by preying on pupae,

especially in sparse populations. Among ground foragers,

the budworm predators and L. muscorum were the species most

clearly affected by the carbaryl spraying. Arboreal

foragers, nearly all budworm predators, were also affected,

primarily through the effects on C. modoc and F. accreta.

Ant foraging in the sprayed sites was reduced for at least

six weeks after the spraying. During this time, much of

the budworm population completed pupation with reduced

predation pressure from ants. Carbaryl spraying, a tactic

intended to reduce WSB populations to sparse levels, may

also inhibit a significant portion of the natural enemy

complex that can help keep budworm populations sparse.

Pest resurgence due to predaceous ant mortality from

insecticide treatment of the pest is known in agriculture

(Negm and Hensly 1967). Conceivably, reduced ant predation

pressure after carbaryl spraying could contribute to the

resurgence of some WSB populations.
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APPENDIX A

ANALYSIS OF VARIANCE TABLES

Table Al. Analysis of variance of pre- and postspray means
of log transformed sample totals of ants collected from
baited boards in carbayl sprayed or unsprayed plots in the
Malheur National Forest near John Day, Oregon in 1983: all
ant species combined

Ho: Dan's Ck. = Murderer's ck.

Source df

(sprayed plots equal)

SS MS

Sample
Plot
Error

1
1
1

2.5657
.0845
.0519

2.5657
.0845
.0519

49.47
.49

Ho: Starr Ridge = Herberger Spring

Source df

(unsprayed plots equal)

SS MS F

Sample 1 .0808 .0808 30.78
Plot 1 .0334 .0334 12.74
Error 1 .0519 .0519

Ho: Sprayed Areas = Unsprayed Areas

Source df SS MS

Sample 1 1.7784 1.7784 41.27
Area 1 .4744 .4744 11.01
Sample x Area 1 .8680 .8680 20.14
Error 4 .1724 .0431
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Table A2. Analysis of variance of pre- and postspray means
of log transformed sample totals of ants collected from
baited boards in carbayl sprayed or unsprayed plots in the
Malheur National Forest near John Day, Oregon in 1983:
common ant species

Ho: Dan's Ck. = Murderer's Ck.

Source df

(sprayed plots equal)

SS MS

Sample
Plot
Error

1

1

1

1.7272
.0025
.0038

1.7273
.0025
.0038

452.10
.65

Ho: Starr Ridge = Herberger Spring

Source df

(unsprayed plots equal)

SS MS

Sample 1 .0972 .0972 13.58
Plot 1 .0610 .0610 8.52
Error 1 .0072 .0072

Ho: Sprayed Areas = Unsprayed Areas

Source df SS MS

Sample 1 1.3220 1.3220 70.99
Area 1 .7688 .7688 41.28
Sample x Area 1 .5026 .5026 26.99
Error 4 .0745 .0186
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Table A3. Analysis of variance of pre- and postspray means
of log transformed sample totals of ants collected from
baited boards in carbayl sprayed or unsprayed plots in the
Malheur National Forest near John Day, Oregon in 1983:
common nonpredator ant species

Ho: Dan's Ck. = Murderer's Ck.

Source df

(sprayed plots equal)

SS MS

Sample
Plot
Error

1

1
1

1.1004
.0112
.0031

1.1004
.0112
.0031

353.81
3.60

Ho: Starr Ridge = Herberger Spring (unsprayed plots equal)

Source df SS MS

Sample 1 .0635 .0635 3.66
Plot 1 .1879 .1879 10.83
Error 1 .0174 .0174

Ho: Sprayed Areas = Unsprayed Areas

Source df SS MS

Sample 1 .8464 .8464 15.42
Area 1 1.8177 1.8177 33.11
Sample x Area 1 .3175 .3175 5.78
Error 4 .2196 .0549
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Table A4. Analysis of variance of pre- and postspray means
of log transformed sample totals of ants collected from
baited boards in carbayl sprayed or unsprayed plots in the
Malheur National Forest near John Day, Oregon in 1983:
common predator ant species

Ho: Dan's Ck. = Murderer's Ck. (sprayed plots)

Source df SS MS

Sample 1 1.6450 1.6450 397.45
Plot 1 .0020 .0020 .49

Error 1 .0041 .0041

Ho: Starr Ridge = Herberger Spring (unsprayed plots)

Source df SS MS F

Sample 1 .2025 .2025 94.20
Plot 1 .0020 .0020 .95
Error 1 .0021 .0021

Ho: Sprayed Areas = Unsprayed Areas

Source df SS MS

Sample 1 1.5006 1.5006 579.93
Area 1 .1652 .1652 63.84
Sample x Area 1 .3466 .3466 133.92
Error 4 .0104 .0026
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Table A5. Analyses of variance of differences between
sampling period means of ants per tree on drop traps in
carbaryl sprayed or unsprayed plots in the Malheur National
Forest near John Day, Oregon during suppression of western
spruce budworm in 1983: all species combined

Source df SS MS

Prespray - Postsprayl

Treatment 1 3122.02 3122.02 2.8881
Plot/T 2 2161.95 1081.98 .1886
Cluster/P/T 12 68764.59 5730.38 1.6618
Tree/C/P/T 48 165521.85 3448.37

Postsprayl-Postspray2

Treatment 1 4795.56 4795.56 40.5518
Plot/T 2 236.52 118.26 .2532
Cluster/P/T 12 5604.41 467.03 .4048
Tree/C/P/T 48 55380.37 1153.76

Prespray-Postspray2

Treatment 1 15656.27 15656.27 32.3174
Plot/T 2 968.91 484.45 .0686
Cluster/P/T 12 84730.44 7060.87 1.1390
Tree/C/P/T 48 297555.78 6199.08
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Table A6. Analyses of variance of differences between
sampling period means of ants per tree on drop traps in
carbaryl sprayed or unsprayed plots in the Malheur National
Forest near John Day, Oregon during suppression of western
spruce budworm in 1983: Camponotus modoc

Source df SS MS F

Prespray-Postsprayl

Treatment 1 177.22 177.22 1.7053
Plot/T 2 207.85 103.93 2.2828
Cluster/P/T 12 546.30 45.52 .8514
Tree/C/P/T 48 2566.69 53.47

Postsprayl-Postspray2

Treatment 1 33.79 33.79 .4530
Plot/T 2 149.16 74.58 5.1850
Cluster/P/T 12 172.61 14.38 .5611
Tree/C/P/T 48 1230.44 25.63

Prespray-Postspray2

Treatment 1 365.77 365.77 1.6504
Plot/T 2 443.25 221.63 3.3639
Cluster/P/T 12 790.59 65.88 .5824
Tree/C/P/T 48 541.25 112.78
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Table A7. Analyses of variance of differences between
sampling period means of ants per tree on drop traps in
carbaryl sprayed or unsprayed plots in the Malheur National
Forest near John Day, Oregon during suppression of western
spruce budworm in 1983: Camponotus vicinus

Source df SS MS

Prespray-Postsprayl

Treatment 1 33.79 33.79 1.6303
Plot/T 2 41.45 20.72 .4849
Cluster/P/T 12 512.83 42.74 .9479
Tree/C/P/T 48 2164.06 45.08

Postsprayl-Postspray2

Treatment 1 10.97 10.97 2.1264
Plot/T 2 10.32 5.16 .8076
Cluster/P/T 12 76.67 6.39 1.2246
Tree/C/P/T 48 250.44 5.22

Prespray-Post spray2

Treatment 1 83.27 83.27 8.9865
Plot/T 2 18.53 9.27 .1368
Cluster/P/T 12 812.69 67.72 1.1572
Tree/C/P/T 48 2809.12 58.52
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Table A8. Analyses of variance of differences between
sampling period means of ants per tree on drop traps in
carbaryl sprayed or unsprayed plots in the Malheur National
Forest near John Day, Oregon during suppression of western
spruce budworm in 1983: Formica accreta

Source df SS MS

Prespray-Postsprayl

Treatment 1 1044.10 1044.10 1.7133
Plot/T 2 1218.79 609.39 .4577
Cluster/P/T 12 15976.89 1331.41 1.1514
Tree/C/P/T 48 55502.44 1156.30

Postsprayl-Postspray2

Treatment 1 1991.39 1991.39 9.8000
Plot/T 2 406.41 203.20 1.5178
Cluster/P/T 12 1606.56 133.88 .6441
Tree/C/P/T 48 9976.75 207.85

Prespray-Postspray2

Treatment 1 5919.38 5919.38 12.8276
Plot/T 2 922.91 461.96 .3275
Cluster/P/T 12 16926.08 1410.51 .8155
Tree/C/P/T 48 83023.19 1729.65
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Table A9. Analyses of variance of differences between
sampling period means of ants per tree on drop traps in
carbaryl sprayed or unsprayed plots in the Malheur National
Forest near John Day, Oregon during suppression of western
spruce budworm in 1983: Formica neorufibarbis

Source df SS MS

Prespray-Postsprayl

Treatment 1 76.56 76.56 0.1495
Plot/T 2 1024.56 512.28 .8373
Cluster/P/T 12 7342.31 611.86 2.7495
Tree/C/P/T 48 10681.50 222.53

Postsprayl-Postspray2

Treatment 1 199.52 199.52 1.6488
Plot/T 2 242.02 121.01 .9003
Cluster/P/T 12 1612.97 134.41 .3882
Tree/C/P/T 48 16620.25 346.26

Prespray-Postspray2

Treatment 1 28.89 28.89 .0260
Plot/T 2 2220.39 1110.20 1.2169
Cluster/P/T 12 1094.53 912.29 1.2590
Tree/C/P/T 48 34782.63 724.64
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APPENDIX B

INGREDIENTS OF CAPITOL BRAND CANNED CAT FOOD

- water (added for processing),

- fish,

- cracked barley,

- chicken by-products,

- meat and bone meal,

- soybean meal,

- wheat millrun,

- brewers' dried yeast,

- salt,

- calcium carbonate,

- choline chloride,

- iron oxide,

- dl-alpha tocopheryl acetate,

- zinc sulfate and oxide,

- Vitamin-A acetate,

- thiamine mononitrate,

d-activated animal sterol,

- potassium iodide.


