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THE SPATIAL DISTRIBUTION OF WOOD-NESTING ANTS
IN THE CENTRAL COAST RANGE OF OREGON

INTRODUCTION

Ants are key members of temperate forest ecosystems. They

greatly modify the environment in and around their nests through soil

aeration and mixing, concentrating and recycling nutrients, faci-

litating dispersal and germination of herbs, and altering the distri-

bution and population dynamics of their prey (Bradley and Hinks 1968,

Handel et al. 1981, Petal 1978). Nest construction in woody debris

may hasten wood decomposition by increasing the surface area and

aeration of gallery wood. Consequently, the macro- and microhabitat

distributions of ant nests may be important structural elements of

forest spatial heterogeneity.

Ant nest distributions may, in turn, be controlled by solar

radiation, shade, moisture, exposure, vegetation, animal grazing, prey

abundance and disturbance (Brian et al. 1965, 1976, Doncaster 1981).

Solar radiation enhances nest temperature and thereby dictates where

ant colonies successfully rear their brood (Brian 1956 b, Brian and

Brian 1951), while shade reduces colony growth by lowering nest tem-

peratures (Brian and Brian 1951). Soggy nest materials inhibit the

movement of gases into or out of the nest and dry environments subject

the brood to dessication (Brian and Brian 1951). Exposure increases

moisture stress, insolation, and disturbance of nests (Doncaster

1981). Vegetation can influence ant distribution directly by the

presence of nectaries and diaspores (e.g. seeds and fruits) or indi-

rectly by the presence of herbivores (Bradley and Hinks 1968, Petal

1978). Animal grazing reduces shading by vegetation, thereby, pro-

ducing warm sites for ant nesting (Brian and Brian 1951, Doncaster
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1981).

The density and distribution of ants have been well-studied in

EUrope, but virtually no corresponding information is available for

ants in North America. Collection records from faunistic surveys

augment our general geographical and biological knowledge of ant

species, but yield little information concerning the distribution and

abundance of ants in different habitats. Furthermore, although the

biogeography and biology of ants in North Dakota and Colorado have

been extensively studied (Wheeler and Wheeler 1963, Gregg 1963),

similar investigations are lacking for the Pacific northwest. How-

ever, recently Youngs (1984) reported habitat distributions of ant

predators on spruce budworm in eastern Oregon and western Montana.

My survey of the ants inhabiting woody debris was conducted in

the central Coast Range of Oregon to describe the spatial distribution

and density of forest ant nests and to relate these dispersion pat-

terns to the environmental and habitat variation. Two managed forests

were selected for study: the Mary's Peak site represented the mesic

conditions typical of the central Coast Range while the McDonald

Forest site exemplified the relatively more xeric environment that

occurs in the Range's eastern foothills (Sprague and Hansen 1946).

The macro-distribution of forest ants, i.e. the patterns

related to differences between forest habitats, is described in Chap-

ter I. The density and distribution of ant nests within logs, stumps,

and snags (standing dead trees) in forest habitats is described in

Chapter II (micro - distribution). The third chapter summarizes and

discusses the nest distribution of the eight most frequently encoun-

tered ant species and the overall distribution of all ants.
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Chapter I. The Spatial Distribution of

Wood-Nesting Ants in the Central Coast Range of Oregon

I. The Macrosite

by

GARY R. NIELSEN
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INTRODUCTION

Wood-nesting ants are important members of the forest

community, particularly in association with other insects in decayed,

dying and dead trees (Deyrup 1975). They facilitate dispersal and

germination of forest herbs, prey upon insect pests, and may be

household pests as well (Culver and Beattie 1978, Finnegan 1974). The

role of ants in hastening wood decomposition by constructing extensive

galleries and introducing decay fungi, nitrogenous wastes, and other

foreign debris has not been well explored and may be important in ant

pest management. The identification of distribution patterns and

habitat indicators may ultimately aid in the control of ant pests and

management of ants as predators of other pests (Risch and Carroll

1982, Sanders 1964).

The density and distribution patterns of ant colonies have been

intensively studied in Europe; however, little corresponding informa-

tion is available for the ants of the United States. Pacific north-

west forest ant species and their nest distributions are not well

known, particularly the regional patterns of ant colonies. The

environmental conditions and habitat factors that make one forest area

more suitable for ant colonization than another have not been eluci-

dated.

The distribution of ant nests has been reported as overdis-

persed because of intra- and interspecific competition (Brian 1956a,

1964, Pontin 1961, Levings and Franks 1982). Brian (1956b) found that

ants showed interspecific overdispersion and interspecific aggregation

in Scotland. In the tropics, Levings and Franks (1982) found over-

dispersion both within and between species. Doncaster (1981) reported
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that nest dispersion was highly clumped on a Welsh island where fav-

orable nest sites were uncommon and, in general, suitable nest sites

were a limiting resource for ants (Brian 1956b, 1964, Doncaster 1981,

Sanders 1970). Even where food is limiting, nest site availability

may be more important in determining nest distribution (Smallwood

1982) .

Queens are very selective in their choice of nest sites (Brian

1964, Wilson and Hunt 1966). Historically, ant nests were thought to

be fixed for life after their establishment by mated queens (except

for driver and army ants, Wilson 1971); however observations of

natural and induced colony movements of Aphaenogaster rudis suggest

that workers may select new nest sites (Smallwood 1982). Forest

management practices may have a profound affect on ant population

patterns as evidenced by Brian's (1956b) finding that recently clear-

cut areas in Scotland had many more colonizing queens than surrounding

forested areas.

The distribution of ant nest sites may be influenced by inso-

lation, shade, exposure, moisture, vegetation, and disturbance (Brian

et al. 1965, 1976, Doncaster 1981). Solar radiation affects colony

size and distribution (Brian 1956b, Brian and Brian 1951). Shading by

vegetation influences colony distribution and movement because some

ants move away from deep shade. Shading may lower internal nest tem-

perature thereby decreasing the rate of brood development (Brian and

Brian 1951, Smallwood 1982). The distribution of ant nests may

reflect the distribution of ant-food organisms. Many ant species rely

on honeydew expelled by some phytophagous insects and on elaisomes of

forest herbs (Way 1963, Handel et al. 1981).
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In this study, I analyze the distribution of ant nests in

various aged Douglas-fir stands in forests of the Coast Range of

Oregon and seek to identify the habitat variables that correlate with

this dispersion pattern. Nests of wood - nesting ants were sampled

intensively in two regions: Mary's Peak typifying the central Coast

Range forest and McDonald Forest representing the Range's eastern

foothills. Environmental and habitat characteristics were identified

and measured to evaluate the effects of habitat on the intra- and

interspecific dispersion of ant nests. Within species, nest disper-

sion was clumped, but for all species, ant nests were distributed more

evenly over the 104 hectares sampled. Plot successional state, expo-

sure, amount of area covered by vegetation and elevation were the most

important variables "explaining" nest site location.

MATERIALS AND METHODS

Study Areas

McDonald Forest: The study site at McDonald Forest is a 64-hectare

tract along the upper western reaches of Oak Creek (USGS sections 7 &

8; TIO & 11S; R5; Willamette Meridian). A steep-sided creek valley

divides the area into two upland regions. Elevations range from 225

to 415 m. Climate and vegetation are characteristic of the eastern

foothills of the Coast Range of Oregon and the western Willamette

Valley (Hall and Alaback 1982). The climate is mediterranean with cool

wet winters and warm dry summers. Average annual precipitation is

approximately 120 cm. Most precipitation is in the form of rain that

falls between the months of November and April. Douglas-fir

(Pseudotsuga menziesii) is the dominant tree; grand fir (Abies



7

grandis) is interspersed with Douglas-fir and is occasionally domi-

nant. Big leaf maple (Aber macrophyllum), red alder (Alms rubra),

and willow (Salix spp.) dominate the old clearcuts. Oregon white oak

(Quercus gaIrm0 is the least frequently encountered tree species.

Eleven shrub and eleven herb species were commonly found in the sample

plots. Hazelnut (Corylus cornuta) was the major shrub component of 39%

of the plots; sword fern (Polysticlumm munitum) was the most abundant

herb, found in 28% of the plots. Nomenclature and common names of

plants follow Hitchcock and Cronquist (1973).

As a result of its diverse disturbance history the study area

encompasses a mosaic of forest types. Catastrophic storms and logging

have had the greatest effect on the landscape and vegetation. About

two-thirds of the area has been "salvage thinned" twice, once after a

large blowdown in 1962 and again in the mid-seventies. Approximately

seven hectares were clearcut along the northwestern end of Oak. Creek

after the 1962 storm. In addition, the southwestern corner of the

study area borders a small clearcut (5.5 hectares). The central to

southeast valley wall encompasses a relatively undisturbed (leave)

region of about nine hectares that contains old-growth (greater than

200 years old) Douglas- and grand firs.

Mary's Peak: The study area on the northeast flank of Mary's Peak

lies 17 miles southwest of Corvallis, OR Approximately forty hec-

tares were sampled comprising three clearcut and two forested regions

between the north and south forks of Rock Creek (USGS sections 14, 15,

& 22; T12S; R7&8W; Willamette Meridian). Within this area, forty

sample plots were established; twenty on clearcuts planted with 2-3

year-old Douglas-fir, ten in a forest stand of 80-150 years, and ten
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in an old-growth stand of greater than 200 years. Elevations in this

region range from 335m to 625m. Steep slopes are abundant and the

topography is mature and well dissected. The climate is typical of

the coastal mountain region with cool wet winters and warm dry summers

and the vegetation is characteristic of this region (Franklin and

Dyrness 1973). Notable differences from McDonald Forest are the

presence of western hemlock (T saheterophylla) and western red cedar

(Thuja plicata) interspersed with the dominant Douglas -fir. Oregon

white oak (Quercus garryana) was not found, and vine maple (Acer

circinatum) was the dominant shrub.

Sampling Methods

One circular 0.01 ha. sample plot was selected and located

randomly in each hectare in the study area; slope, aspect, and soil

moisture data were collected for each plot. A soil moisture value was

assigned based on an eight-point scale (8 is totally saturated;

Doncaster 1981). An insolation index was created by dividing the

range of total potential annual solar irradiation, corrected for slope

and aspect, into ten classes of 20,000 Langleys (L.) each (Frank and

Lee 1966). The lowest class (index = 0) included insolation values of

130,000 - 150,000 L and the highest class (index = 9) 310,000 -

330,000 L. Habitat data collected for each plot were: percent cover

of trees, shrubs, herbs, and mosses; and dominant species in each of

the first three vegetation layers.

Epigaeic (above - ground) ant nests were counted by turning

over rocks, removing the lowermost 30 cm of outer bark from each tree,

searching for nest entrances and mounds, and carefully dissecting all
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coarse woody debris (i.e. logs, stumps, and snags greater than 10 cm

in maximum diameter). For each sample plot, the total surface area

and volume of coarse woody debris and the total basal area of trees

were calculated. Ants were collected and preserved in 70% ethanol for

later identification. Voucher specimens were deposited in Oregon

State University's Entomology Museum.

Analyses

Ant-nest distributions (for all species combined, as well as

each of the ten most abundant species) were fitted to the negative

binomial distribution to examine spatial patterns (Elliott 1979).

Detrended correspondence analysis (DCA) implemented with the program

DEOORANA (Hill 1979, Hill and Gauch 1980) was used to interpret the

relationship between plot characteristics and ant nests for each study

site separately and for both combined. This analytical technique

permitted a rapid assessment of the habitats used for nest sites. To

aid in interpretation of the axes, the ordination scores for each plot

on the first two DCA axes were correlated with the corresponding

environmental and habitat variables. Correlation analyses were con-

ducted to determine underlying species associations, species/environ-

ment and habitat relationships, and the intercorrelation of these

variables.

RESULTS

No ant nests were found under the few exposed rocks that occur-

red in the study areas (representing <0.5% of the area sampled).

Furthermore, no mounds or entrances to underground nests were dis-

covered. Therefore, all of the ant nests reported herein were found
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in logs, stumps, snags, and the outer bark of trees.

Nineteen ant species were found in 825 nests sampled (Table

1.1). The mean number of ant nests per plot was 7.9 (±, 8.2) corre-

sponding to a mean nest density of 0.079 nests per m2. The mean

number of species per plot was 2.6 (± 2.0; mean species density =

0.026 species/m2) and the maximum number of nests per plot was 38.

The eight most abundant species were (in descending order of abun-

dance): Camponotus modoc Wheeler, Lasius pallitarsis (Provancher),

Leptothorax nevadensis Wheeler, Camponotus vicinus Mayr, Tapinoma

sessile (Say), Camponotus laevigatus (Smith), Formica neorufibarbis

Emery, and Aphaenogaster subterranea (Emery). The index of disper-

sion, 1/k (the reciprocal of k, the negative binomial coefficient),

was used to compare the levels of clumping of these eight species'

nests, all nests combined, and the overall species distribution (Table

1.2). That these distributions are best described by the negative

binomial series indicates that some areas represent higher quality

nest sites than others. Only Lasius pallitarsis has a nest dispersion

index (1/k) less than one, suggesting that its nests are not as highly

clumped as those of the other seven species or all species combined.

That is the distribution of species is more even than the nest distri-

bution of Lasius pallitarsis. The relation of mean species density to

the combined nest density (for all ant species) indicates that the

number of species per plot is not depressed on plots with high nest

densities (2.61/7.92 < 1). The species dispersion is somewhat clumped

suggesting that some species are restricted to one study area or to

particular habitats of both study areas.

A comparison of the mean nest densities in woody debris (logs
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Table I.1. Frequency of occurrence of ant nests from both study
areas arranged in descending order of abundance and
overall mean nest and species densities.

Number of plots sampled = 104
Total number of nests = 825
No ants in 13 plots (12.5%)
Mean # nests/plot = 7.92 (std. dev. = 8.22), maximum = 38
Mean # species/plot = 2.62 (std. dev. = 2.03), ma3dittiza = 8
Mean density of nests = 0.0792/m4, maxim= = 0.38/m4

SPECIES ABe # NESTS % TOTAL # PICTS % TOTAL

Camponotus nodoc CAN) 290 35.2 32 30.8
Lasius pallitarsis LAPA 192 23.3 73 70.2
Izptothorax nevadensis LENE 92 11.2 34 32.7
Camponotus vicinus CAVI 62 7.5 31 29.8
Tapinama sessile TASE 58 7.0 22 21.2
Camponotus laevigatus CALA 27 3.3 12 11.5
Formica neorufibarbis FONE 26 3.2 13 12.5
Aphaenogaster subterranea APSU 20 2.4 12 11.5
Stenamma diecki STDI 17 2.1 10 9.6
Leptothoraxmusconzm LEMU 12 1.5 9 8.7
Formica fusca group FOFU 7 0.8 6 5.8
Formica accreta FQAC 4 0.5 4 3.8
Camponotus noveboracensis CANO 4 0.5 3 2.9
Formica subnuda FOSU 4 0.5 2 1.9
Amblyopone oregonense AMOR 3 0.4 2 1.9
Leptothorax rugatulus LERU 2 0.2 2 1.9
Formica hewitti FOIE 2 0.2 2 1.9
Formica microgyna FOMI 2 0.2 2 1.9
Lasius vestitus LAVE 1 0.1 1 1.0

a - Abbreviation
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Table 1.2. Indices of dispersion and test of fit to the negative
binomial function for the eight most abundant species
and all ant nests and species combined.

SPECIES l/ka
MEAN
#nests
/plot

VARIANCE Chit d.f. PROBABILITY

Camponotus 8.55 2.79 37.10 2.07 3 0.56
modoc

Lasius 0.47 1.85 3.18 9.49 5 0.09
pallitarsis

Leptothorax 3.45 0.88 3.01 7.16 3 0.07
nevadensis

Camponotus 2.63 0.60 1.48 2.88 2 0.24
vicinus

Tapinoma 6.25 0.56 1.80 2.24 2 0.33
sessile

Camponotus 11.11 0.26 0.95 0.25 1 0.61
laevigatus

Formica 8.26 0.25 0.60 2.52 1 0.11
neorufibarbis

Aphaenogaster 6.67 0.19 0.35 1.31 1 0.25
subterranea

ALL NESTS 1.05 7.92 67.90 4.70 13 0.98

SPECIES 0.22 2.61b 4.10 1.30 6 0.97

a = Reciprocal of the coefficient of dispersion.
b = species/plot.
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and stumps, excluding trees) on forested and clearcut plots reveals

that clearcuts are "high quality', sites as indicated in the distribu-

tional analysis (Table I.3). Clearcut debris, on average, contains

more than twice as many nests as forest debris, (1.08 vs. 0.47).

Four hundred and thirty three nests were found in 358 clearcut logs

and stumps examined, whereas 353 nests were found in 750 forest logs

and stumps. Furthermore, forest plots that lacked ant nests had an

average tree cover of 76% (±. 8.7%), whereas those forest quadrats with

ant nests had a mean tree canopy cover of 66% (± 25%). Therefore,

open sites (e.g. clearcuts) have the highest overall nest and species

diversities and densities as measured by the abundance of ant nests

when compared with closed forest.

The detrended correspondence analysis (DCA) ordination of plots

by ant nests for the combined study areas explained most of the

variation within and between the two study areas, and their primary

habitat types (i.e. clearcut and forest) in the first two axes (eigen-

values: axis I = .709, axis II = .430, all subsequent axes < .20).

When the plot scores of the first two axes are graphed three groups

are discernible (Fig. I.1). With the exception of five McDonald

Forest clearcut quadrats, high exposure (high insolation and eleva-

tion) plots have low to mid scores on axes 1 and 2 (i.e. are found in

the lower left quarter of the figure). In contrast, samples in the

forested areas adjoining these clearcuts generally have higher scores

on axes 1 and 2. All but one of the 20 Mary's Peak clearcut plots

form the tight cluster well segregated on axis 1, whereas the clearcut

samples from McDonald forest are quite widespread. The second group

lies midway on both axes and comprises four samples along streams and
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Table 1.3. Numbers of ant nests in logs and stumps from
clearcuts and forested areas of both study sites.

FOREST CLEAR=

Number of logs and
stumps sampled

750 358

NUMber of ant
nests found

353 433

Percent logs and 32% 36%
stumps with nests

Mean number of nests/
log or stump

(standard deviation)

0.47 (0.90) 1.08 (2.43)
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Figure Ll. Detrended correspondence analysis ordination of
combined study area samples. Open symbols indicate
samples from forested plots. Solid symbols denote
samples from open sites.

= Mary's Peak clearcut samples
= McDonald Forest clearcut samples
= McDonald Forest forested plots with L. pallitarsis

and L. nevadensis nests
*= McDonald Forest stream channel samples
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runoff channels in McDonald Forest. Most of the remaining points com-

prise a linear group of forest samples at the opposite end of axis 1.

Correlations between the ordination scores (on the first axis)

and the environmental data reveal that elevation decreases with in-

creasing plot score, whereas the percent of the plot covered by tree

canopies and mosses and the total basal area of the plots' trees

increase (Table 1.4). The Mary's Peak clearcut cluster is well

segregabadlay Axis 1 accordingly, Mary's Peak clearcuts are 250m

higher in mean elevation (546m vs. 296m) and are less shaded by trees

(0% vs. a mean of 29.2%) and shrubs (means: 48.7 vs. 71.5%) than are

clearcut plots in McDonald Forest. Furthermore, the diversity and

Abundance of species and nests on these plots is higher than any other

plot, including clearcuts of McDonald Forest. The linear group at the

opposite end of Axis 1 is a set of low diversity forest samples from

Mary's Peak and McDonald Forest. Nearly closed canopy conditions

predominate and each plot contains a maximum of four nests and two

species; Lasius pallitarsis and Leptothorax nevadensis - one or two

nests of each. Therefore, the first axis can be interpreted as an

exposure gradient. Plots on the high exposure end of the axis are

higher in elevation and lower in canopy cover. Those plots at the

opposite end of the axis have closed canopies and lower elevations.

An examination of the environmental variables' correlation matrix

confirms the intercorrelations between elevation, canopy cover, moss

cover, and basal area (Table 1.5).

The second DCA ordination axis separates the McDonald Forest

clearcut plots from stream and runoff channel samples (Fig. 1.1). The

latter group includes the only samples taken in dry stream channels or
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Table 1.4. Correlation of plot scores on the first two ordination axes
with environmental variables for the combined study areas.
Pearson correlation coefficients over probability. Only
significant correlations (P<.05) are shown. N=91.

INSOLATION

ELEVATION

AXIS 1

-0.7656

AXIS 2

-0.2400
0.0219

0.0001

TREE COVER 0.7113 0.3563
0.0001 0.0005

HERB COVER -0.3638
0.0004

MOSS COVER 0.4858 0.3278
0.0001 0.0015

BASAL AREA 0.3246 0.3612
0.0017 0.0004
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Table I.S. Correlation matrix for the combined study areas' environ-
mental variables. Pearson correlation coefficients over
probability. Only significant (P<.05) correlations are
shown. N=104.

INSOLATION

ELEVATION

TREE COVER

SHRUB COVER

HERB COVER

MOSS COVER

BASAL AREA

TREE SHRUB HERB MOSS BASAL

INSOLATION ELEVATION COVER COVER COVER COVER AREA

-0. 3936

0.0001

0.2111 -0.2799

0. 0315

-0. 2853

0. ,40 0. 0033

0.5797

0. 01

0.4671

0.0001

0.2335

0.0171

- 0.3050 0.4468

0.0016 0.0001
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directly on the banks of flowing streams in McDonald Forest. Herb

cover and potential solar radiation (insolation) decrease as plot

scores increase along this axis, whereas basal area of the plots'

trees, canopy cover, and moss cover increase (Table 1.4). Three

Mary's Peak forest plots lie at the uppermost end of Axis 1. They are

characterized as moderate to closed canopy (25-95% canopy cover)

samples with one or more nests of Stenamma diecki Emery and no nests

of Leptothorax nevadensis. It appears, therefore, that this axis

represents a solar radiation gradient. Plots at the low end of the

axis have the potential to intercept a greater amount of solar radia-

tion. This is compounded by their low canopy cover and basal area.

The higher herb cover here testifies to this effect. Plots at the

other end of the axis are more shaded and receive less solar radia-

tion. The environmental variables' correlation matrix supports this

interpretation (i.e. insolation and herb cover are positively cor-

related, Table 1.5).

The DCA ordination of the species and the species X environment

and species X species correlation matrices reveal that the following

species are associated with one another and with the habitat classes

identified above (Tables 1.6 & 1.7; Fig. 1.1): Camponotus modoc, C.

laevigatus, and Leptothorax muscorum (Nylander) commonly nest in woody

debris on Mary's Peak clearcuts and their nests are most abundant on

open sites and at higher elevations (Table 1.6). Aphaenogaster

subterranea, Camponotus vicinus, and a member of the Formica fusca

Linnaeus group most frequently inhabit woody debris on McDonald Forest

clearcuts. Like the Mary's Peak clearcut group, nests of members of

this assemblage are most abundant on plots with little canopy cover;
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Table 1.6. Correlation matrix for site variables and species of
both study areas (McDonald Forest and Mary's Peak).
Correlation coefficients over probability. Only
significant correlations shown. N=104.

Camponotus

modoc

Lasius

pallitarsis

Leptothorax

nevadensis

Camponotus

vicinus

Tapinosa

sessile

Camponotus

laevigatus

Formica

neorufibarbis

Aphaenogaster

subterranea

Stenamma

diecki

Leptothorax

muscorum

Formica

fusca

Formica

accreta

Formica

subnuda

Leptothorax

rugatulus

Formica

hewitti

Formica

icrogyna

TREE SHRUB HERB MOSS DEBRIS DEBRIS

INSOLATION MOISTURE ELEVATION COVER COVER COVER COVER SURFACE VOLUME

AREA

8.6613 -8.6248 -8.4594

8.8081 0.0081 8.8081

0.2061

8.0359

8.2173

0.8267

-0.22252 -41. 3791

8.821 8.0081

-8.3518

8.0886

8.3871 8.2468

8.8015 8.1115

8.2782

8.8842

-8.3076 8.2854 -8.3280

8.8815 8.83E4 0.8087

8.2884 -8.4682

0.0838 8.8081

- 8.3877

8.8815

8.4288 -8.3838 -8.2E16 -0.2849

0.8081 8.8001 8.8287 0.8034

- 8.3506 0.2211

8.8003 8.8241

- 0.2575 - 0.2352

8.8883 0.0162

8.4289 - 8.3481

8.1081 8.8003

- 8.2333

8.0172

8.2187 -8.2864

8.8318 8.8032

0.2827

8.0398

0.2369 -0.2134

8.8155 8.8296

-8.3123

0.2296 -8.2005 -8.2389

8.8190 8.8413 8.8146

0.2954 - 8.2005

8.8823 8.8413

8.2346 - 0.2005

0.8165 8.8413

0.8812

- 0.2557

8.0088

- 8.2018

8.8399

BASAL

AREA

-8.3853

8.8816

- 8.2099

8.0325

8.3232 0.3583 8.2805

0.8008 8.8083 8.8412

0.3808 0.3553

0.8001 8.0082
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Table 1.7. Correlation matrix for ant species of both study areas
(McDonald Forest and Mary's Peak). Pearson correlation
coefficients over probability. Only significant
correlations are shown. N=104.

CAMU LAPA LENE CAVI TASE CALA FINE APSU LEMIJ FOFU FOHE

Camponotus

modoc

Lasius - 0.2184

pallitarsis 8.8259

Leptothorax -0.2116 8.3283

nevadensis 0.8311 0.0009

Camponotus

vicinus

Tapinoma 0.3066

sessile 8.0016

0.2759

0.0046

8.3585

8.0002

Camponotus 0.3116 8.6224

laevigatus 8.0013 8. 1

Formica 8.3269

neorufibarbis 8. 7

Aphaenogaster 8.2766 8.5253 0.3277

subterranea 8.0045 8. 1 8.8007

Leptothorax 0.5086

muscorum 8.0001

Formica

fusca

8.2537 0.4359

8.0094 0.8001

Formica 0.3039 8.2727 0.2601

accreta 8.8017 8.8051 8. 77

Camoonotus 0.2222

noveboracensis 0.8234

Amblyopone 8.3419 0.4819 8.2778

oregonense 0.0004 0. 1 8.8043

Formica 0.5130

hewitti 8.0001

8.2928

0.0026

Formica 0.3167 0.3608 0.5396 0.2276 0.4902

microgyna 0.0011 0.0002 0. 1 0.0201 0.0001
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however, as previously stated, the McDonald Forest site is lower in

elevation (Table 1.6). In both study areas, Tapinoma sessile nests

were encountered on clearcuts at similar frequencies. Accordingly,

the ordination and correlation matrices indicate that this species is

an important member of the clearcut groups of both sites.

Aphaenogaster subterranea and Leptothorax muscorum appear to be

restricted to the clearcuts of McDonald Forest and Mary's Peak,

respectively. They were the only frequently encountered species (i.e.

more than 10 nests found) to exhibit a segregation based on study

site. The nests of Lasius pallitarsis and Leptothorax nevadensis are

positively correlated and are associated with lower elevations and

more closed canopy conditions (Fig. I.2; Tables 1.6 & 1.7).

I also ordinated the ant nests from each study area separately

to look for further patterns. The DCA ordination for McDonald Forest

adds little to the preceding results (Fig. 1.3). This site contains a

diverse array of habitats (a result of frequent and patchy distur-

bances) that are difficult to classify by the ants found nesting in

them. Correlations between the plot scores on the first ordination

axis show that tree canopy cover is once again of overriding impor-

tance. Percent tree cover, moss cover, and plot basal area increase

with increasing plot scores, whereas shrub cover decreases (Table

1.8). Two-thirds of the plots fall into the oblong "Lasius

pallitarsis/Leptothorax nevadensis" cluster which is similar to the

low nest density and diversity forest group identified earlier. This

group is characterized by moderate to high canopy coverage (50-100%)

and, therefore, these plots receive little direct solar radiation. As

mentioned previously, the clearcut samples do not form a distinct
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Table I.B. Correlation of plot scores on first two ordination
axes with environmental variables for McDonald Forest.
Pearson correlation coefficients over probability.
Only significant (P<.05) correlations are shown. N=60.

AXIS 1 AXIS 2

TREE COVER 0.4556
0.0003

SHRUB COVER -0.3446
0.0070

MOSS COVER 0.3437
0.0072

BASAL AREA 0.2920
0.0236

DEBRIS VOLUME 0.3250
0.0113

DEBRIS SURFACE AREA 0.3098
0.0160
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cluster, but have low to mid scores on Axis 1 and lie to the left of

the forest group. Accordingly, canopy cover (and the concomitant

parameters basal area and moss cover) is lower and shrub cover is

higher for these sites. Therefore, the first axis can be interpreted

as a canopy cover gradient, and correlations of the environmental

variables confirm that canopy cover, moss cover, and plot basal area

are positively correlated with one another and negatively correlated

with shrub cover (Table 1.9).

The second DCA axis helps distinguish the stream channel group

from the forest assemblage defined above (Fig. 1.3). These four

points represent the only samples taken on the banks of dry or flowing

watercourses. Typically they contain one or more nests of Camponotus

modoc or Formica neorufibarbis. Three clearcut plots also lie at this

end of axis 1. They are noteworthy for their brushiness (80-95% shrub

cover) and the presence of two or more Camponotus modoc nests on each

plot. Furthermore, these clearcut samples are less shaded by tree

canopies than are the stream channel group, in accordance with their

separation on Axis 1. Correlations between these seven plots' scores

and the environmental data indicate that these seven plots have

greater amounts of woody debris than those in the forest cluster. As

axis 2 plot scores increase so does the surface area and volume of the

woody debris on the plot (Table 1.8). This axis, therefore can be

interpreted as a woody debris gradient.

The species (DCA) ordination and species X environment and

species X spwoies correlation matrices for McDonald Forest further

emphasize the lack of strict species segregation (Fig. 1.4; Tables

1.10 & 1.11). The intergradation between open and closed canopy
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Table 1.9. Correlation matrix for McDonald Forest site variables.
Pearson correlation coefficients over probability.
Only significant correlations (P<.05) are shown. N=64.

TREE SHRUB HERB MOSS DEBRIS

INSCIATION MOISTURE ELEVATION COVER COVER COVER COVER SURFACE AREA

INSOLATION

MOISTURE

ELEVATION

TREE COVER

SHRUB COVER

HERB COVER 8.3268

8.8884

MOSS COVER

DEBRIS

SURFACE AREA

-8.3688

1 8034

8.3190

8.0102

- 0.2685

8.8376

DEBRIS VOLUME -8.2991

8.0163

BASAL AREA

-0.4557

8.8N2

0.2975

0.8169

1.2664

8.0334

8.3422 0.5286 -8.3186 8.2823

8.8057 0. 1 0.0125 0.0238

0.8924

LON
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Table 1.10. Correlation matrix for McDonald Forest site variables and
ant species. Pearson correlation coefficients over prob-
ability. Only significant correlations are sham. N=64.

DEBRIS

TREE SHRUB HERB NOSS SURFACE DEBRIS BASAL

INSOLATION MOISTURE ELEVATION COVER COVER COVER COVER AREA VOLUME AREA

Camponotus -8.2544 8.2951

modoc 8.8425 8.8179

Lasius -8.3332

pallitarsis 8.8071

Leptothorax 0.2626

nevadensis 0.8368

Camponotus -8.2673

vicinus 0.8328

Tapinoma

sessile

Camponotus

laevigatus

Formica

neorufibarbis

Aphaenogaster

subterranea 8. 1 0.8352

- 0.2965

8.8174

-8.2493

0.8470

- 0.25667

8.8486

-8.4864 8.2637

Stenamma -8.2642

diecki 0.8349

Formica

fusca

Formica

accreta

Camponotus

noveboracensis

-8.2626 -8.3047

8.8368 8.8143

-0.2493

0.8470

8.2558 8.2911 8.2653

0.8413 0.01% 8.8341

-8.2891

0.8285

0.3845 0.4345

0. a 8.1003

-8.3839 -0.2340

8.8146 0.8184
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Table 1.11 Correlation matrix for McDonald Forest ants. Pearson
correlation coefficients over probability. Only
significant (P<.05) correlations are shown. N=64.

Camponotus

modoc

Lasius

pallitarsis

Leptothorax

nevadensis

Camponotus

vicinus

CAMO LAPA LENS CAVI TASE CRJA APSU FOFU FCC CANO

8.3437

0.8054

Tapinoma 0.3285 8.5040

sessile 8.0081 8.8001

Camponotus

laevigatus

Aphaenogaster 8.4299 0.6606 8.6128 0.2928

subterranea 8.8004 O. 1 0. 1 0.0189

Formica 8.5918

fusca 8.8001

Formica

accreta

Camponotus

noveboracensis

8.4621 8.4887

0.0008 8.8008

8.8930

O. 1

0.3128

0.0118

Amblyopone 0.5691 0.4734 0.2643

oregonense 0.0801 0. 1 0.8348

Stenamma 0.3489

diecki 0.0058
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conditions is reflected by the wide separation of the species in the

ordination diagram (Fig. 1.4). The correlation matrices reveal two

principal associations: The number of nests of Camponotus vicinus, C.

modoc, Aphaenogaster subterranea, and a member of the Formica fusca

group decrease as canopy cover increases (Tables I.10 & I.11) . Fur-

thermore, there is a positive correlation between the abundance of

Camponotus modoc and Aphaencgaster subterranea nests and the amount of

shrub cover. Therefore, these four species comprise the forest

clearing group. Similarly, the abundances of Lasius pallitarsis and

Leptothorax nevadensis nests are correlated with one another and

forest conditions (Tables 1.10 & 1.11). The number of Lasius

pallitarsis nests per plot increases with the total basal area of the

sample plot's trees. These two associations (forest/clearcut) are

linked, however, because nests of Camponotus vicinus occur over a

broad shading regime. Evidently, this is why there is a positive

correlation between the abundance of Camponotus vicinus and

Leptothorax nevadensis nests (Table I.11).

In contrast to the broad clusters of McDonald Forest, the

Mary's Peak ordination contains a more compact clearcut group (Fig.

1.5). The density and distribution of ant nests differ markedly in

the study areas as nearly twice as many ant nests per plot were found

on Mary's Peak on average (11.25 compared to 5.86 for McDonald Forest;

tables 1.12 & 1.13). Although 24 fewer plots were sampled on Mary's

Peak 75 more ant nests were discovered. Despite these differences the

number of ant species found and the mean number of ant species per

plot are similar, suggesting that although nest density may continue

to increase, species packing is at (or approaching) its limit. Ten
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Table 1.12. Frequency of occurrence, mean nest and species density of
ants of the Marrs Peak site and comparison of forest and
clearcut habitats.

NUmber of plots sampled = 40
Total number of nests = 450
No ants in 9 plots (22.5%)
Mean # nests/plot = 11.25 (std. dev. = 11.12), maximum = 38
Mean # species/plot = 2.98 (std4 dev. = 2.55), maxmum = 8
Mean density of nests = 0.112/m4, maximum = 0.38/m4

SPECIES # NESTS % TOTAL # PLOTS % TOTAL

Camponotus nodoc 271 60.2 21 52.5
Tapinoma sessile 36 8.0 14 35.0
Lasius pallitarsis 29 6.4 20 50.0
Camponotus laevigatus 26 5.8 11 27.5
Camponotus vicinus 25 5.6 13 32.5
Formica neorufibarbis 15 3.3 9 22.5
Stenamma diecki 15 3.3 8 20.0
Leptothorax muscorum 12 2.7 9 22.5
Leptothorax nevadensis 7 1.6 2 5.0
Formica subnuda 4 0.9 2 5.0
Formica accrete 3 0.7 3 7.5
1P-ptothorax rugatulus 2 0.4 2 5.0
Formica hewitti 2 0.4 2 5.0
Formica microgyna 2 0.4 2 5.0
Camponotus noveboracensis 1 0.2 1 2.5

NUMBER MEAN # of NUMBER MEAN # of
HABITAT of nests nests/plot of species species/plot

forest 34 1.7 (±2.6) 7 0.9 (±1.09)

clearcut 415 20.8 (±7.2) 14 5.05 (±1.7)
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Table 1.13. Frequency of occurrence, mean nest and species density
of ants of the McDonald FOrest site.

Number of plots sampled = 64
Total number of nests = 375
No ants in 4 plots (6.3%)
Mean # nests/plot = 5.86 (std. dev. = 4.81), maximum = 24
Mean # species/plot = 2.39 (std.; dev. = 1.60), may mum = 8
Mean density of nests = 0.058/e, maximum = 0.24/m4

SPECIES # NESTS % TOTAL # PLOTS % TOTAL

Lasius pallitarsis 163 43.5 53 82.8
lAptothorax nevadensis 85 22.7 32 50.0
Camponctus vicinus 37 9.9 18 28.1
Tapinama sessile 22 5.9 8 12.5
Aphaenogaster subterranea 20 5.3 12 18.8
Camponotus mcdoc 19 5.1 11 17.2
Formica neorufibarbis 11 2.9 4 6.3

Formica fusca group 7 1.9 6 9.4

Camponotus noveboracensis 3 0.8 2 3.1
Amblyopone oregonense 3 0.8 2 3.1
Stenamma diecki 2 0.5 2 3.1
Lasius vestitus 1 0.3 1 1.6
Camponotus laevigatus 1 0.3 1 1.6
Formica accreta 1 0.3 1 1.6
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species were found at both sites. Of these, the disparity in abun-

dances of Camponotus modoc, Lasius pallitarsis, and Leptothorax

nevadensis is most striking. Nine species were found at only one

site: nests of Aphaenogaster subterranea, a member of the Formica

fusca group, Amblyopone oregonense (Wheeler), and Lasius vestitus

Wheeler were only found in McDonald Forest. Leptothorax muscoram,

Formica subnuda Emery, Leptothorax rugatulus Emery, Formica hewitti

Wheeler, and Formica microgyna Wheeler were collected only on Mary's

Peak. As mentioned previously, the low numbers of nests found for

most of these species render these apparent restrictions tenuous.

However, it seems very likely that Aphaenogaster subterranea and,

perhaps, the member of the Formica fusca group do not occur in the

area sampled on Mary's Peak and that Leptothorax muscomm does not

occur at the McDonald Forest site. With the exception of one forest

plot, all of the points on the left end of axis 1 represent the

clearcut samples (Figure 1.5). As in the simultaneous ordination of

both study areas' data, increasing plot scores along the first axis

correspond to increasing tree and moss cover and plot basal area

(Table 1.14). The opposite trend is exhibited by elevation and herb

cover; these decrease as plot scores increase. Therefore, the first

axis can be interpreted as an exposure gradient (Figure 1.5). This is

supported by the intercorrelations in the environmental data matrix

(Table 1.15).

Clearcuts receive the greatest amount of solar radiation, and

all clearcut plots sampled contained at least seven nests compared to

nine of the 20 forest plots that contained no ant nests. Furthermore,

more than ten times as many nests and twice as many species were found
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Table 1.14. Correlation of plot scores on the first two ordination
axes with environmental variables for Mary's Peak.
Pearson correlation coefficients over probability.
Only significant correlations (P<.05) are shown. N=31.

AXIS 1 AXIS 2

ELEVATION -0.7043
0.0001

TREE COVER 0.8823
0.0001

SHRUB COVER -0.3068
0.0932

HERB COVER -0.5409
0.0017

MOSS COVER 0.8617
0.0001

BASAL AREA 0.4743
0.0070



37

Table 1.15. Correlation matrix for Mary's Peak site variables.
Pearson correlation coefficients over probability.
Only significant (P<.05) correlations are shown. N=40.

MOISTURE

ELEVATION

TREE COVER

SHRUB COVER

HERB COVER

MOSS COVER

DEBRIS

SURFACE AREA

TREE SHRUB }ERB MOSS DEBRIS DEBRIS BASAL

MOISTURE ELEVATION COVER COVER COVER COVER SURFACE AREA mac AREA

-0.7069

0.0001

13286

8.0384

8.4827 -15818 -15844

8.8016 O. 1 8.8001

- 0.7233 0.9187 -0.5772

8.8801 8.0001 8.8001

DEBRIS VOLUME 8.4136 0.9404

0.0080 0. 0001

BASAL AREA - 0.4689 8.5597

0.0023 0.0002

- 0.3410 8.5958

0.0313 0.0001



38

on clearcuts (Table 1.12). Correlations between plot scores on the

second axis show that the percent of the ground covered by shrubs

decreases with increasing plot scores. However, this axis fails to

define any new groups (Table 1.14).

The species ordination seems to divide the species by habitat

type, but the correlation matrices reveal that it is not easy to

define a forest group (Fig. 1.6; Tables 1.16 & 1.17). The abundance

of nests of six principal species (CaUrIpOnOWS modoc4 C. laevigatus, C.

vicinus Formica neorufibarbis, Leptothorax muscorum, and Tapinoma

sessile) are correlated with one another (Table 1.17). However, only

Leptothorax nevadensis is negatively correlated with elevation and not

correlated (negatively) with canopy cover (Table 1.16). Therefore,

with the possible exception of Leptothorax nevadensis none of these

species is restricted to forested areas.

Discussiam

A. comparison of temperate ants and their nest distributions in

Europe and in the Central Coast Range of Oregon reveals striking

differences and similarities. In this study, the mean density of ant

nests (combined for Mary's Peak and McDonald Forest) was greater than

that obtained by Doncaster (1981) on Ramsey Island, Wales and

Klimetzek (1981) for hill building wood -ants in the Black Forest of

Germany (0.079 compared to 0.057 nests/m2 and 0.00127-0.00191

mounds/m2). The higher densities observed in this study are due to

the greater abundance of nests in the Mary's Peak clearcut samples

because the mean nest density of the McDonald Forest site (0.058/m2)

is nearly identical to that found by Doncaster. However, the ant
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Figure 1.6. Detrendedcorrespondence analysis ordination of
Mary's Peak species. Solid circles denote species
frequently encountered on clearcuts. Open circles
denote species commonly found in forest plots.
Species abbreviations as in Table I.1.
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Table 1.16. Correlation matrix for Mary's Peak site variables and ant
species. Pearson correlation coefficients over proba-
bility. Only significant correlations shown. N=40.

DEBRIS

TREE SHRUB HERB MOSS SURFACE DEBRIS BASAL

INSOLATION MOISTURE ELEVATION COVER COVER COVER COVER AREA VOLUME AREA

Camponotus 0.5644 -8.7415 -8.7463 -8.4556

modoc 8.8001 Lean 1.8001 8.8031

Lasius 8.3206 -0.3497 8.3398

pallitarsis 0.8437 8.8278 8.8319

Leptothorax 8.3316 -0.3657

nevadensis 0.8366 8.8283

Camponotus 8.3224 -0.4829 8.3458 -0.4010

vicinus 8.8424 0.0100 8.8289 8.8183

Tapinoma 8.3374 -8.5206 8.4938 -8.5257 -8.3096

sessile 8.1333 8.0886 8.8012 8.E015 8.8519

Camponotus 0.3747 -0.4193 -8.3381 8.5008 -0.4290

laevigatus 8.8172 8.8071 8.8328 8.8818 8.8057

Formica -8.4360 8.3794

neorufibarbis 8.0849 8.1158

Stenamma 8.3261 -8.3618 8.6221 0.6834

diecki 8.8400 0.1218 0.8001 8.8082

Leptothorax -0.3123 8.3138 -8.3812 -8.3978

muscorum 0.8498 8.8487 8.8152 8.8112

Formica 8.3472

hewitti 8.1282

Formica

icrogyna
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Table 1.17. Correlation matrix for Mary's Peak ants. Pearson
correlation coefficients over probability. Only
significant correlations (P<.05) are shown. N=40.

CANO LAPR CAVI. TARE CALA FONE LEMU FOAC CAM) FOHE

Camponotus

modoc

Lasius

pallitarsis

Camponotus

vicinus

Tapinoma

sessile

Camponotus

laevigatus

Formica 0.4037 0.3446

neorufibarbis 0.8898 0.0295

Leptothorax 8.4085

muscorum 1.8889

8.7893

0.0881

Formica 8.3992 1.4470 8.4509

accreta 0.8187 0.0038 8.8835

Camponotus 8.6437 8.3203 8.5624

noveboracensis 8.1601 0.8439 0.8882

Formica 8.5319

hewitti 8.8004

Formica 8.4445 0.5208 8.3155 0.4737

microgyna 0.8041 8.8086 8.8474 8.0020
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nests of Ramsey Island were found to be more clumped (negative bino-

mial coefficients ranged from 0.02 - 0.46) and occurred at higher

densities (a maximum of 61 nests/100 m2 vs 38/100 m2; Doncaster 1981).

Doncaster did not find any ants in 37% (n =279) of the quadrats sampled

compared to 12.5% for this investigation. Finally, although Ramsey

Island is rich in nests it is impoverished in species: a total of

nine species were collected, corresponding to a mean species density

of 0.0104 species/m2 (Doncaster 1981). Despite these differences, it

seems that the number of suitable nest sites is limited at sites in

both Wales and the Coast Range of Oregon. Although Ramsey Island

lacks trees, attenuation of incident solar radiation by shrubs and

grasses was a key factor restricting the potential distribution of ant

species (Doncaster 1981). This is also true of shading by tree

canopies in Oregon's Coast Range.

The highly clumped nest distributions in ant assemblages of the

Central Coast Range of Oregon and on Ramsey Island contrast sharply

with the regular distributions found by other European investigators

(Brian 1956, Pontin 1961, Waloff and Blackith 1962). As Doncaster

(1981) pointed out, however, Elmes (1974) showed that clumped distri-

butions (contagion) must exist for large study areas that contain

habitats that are unsuitable for ant nesting. This is the case for

the Coast Range of Oregon and Ramsey Island (Doncaster 1981). Forest

floors unshaded by tree canopies are at a premium in western Oregon.

Moreover, cut-over areas contained the greatest abundances and den-

sities of ant nests and species. Similarly, Brian (1952) found that

the felled portion of a Scottish woodland contained the most favorable

nest sites. According to Brown (1973) closed-canopy forests above
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2300 in throughout the world lack ants; however, treeless slopes at

higher elevations (3500-4000 n) may be inhabited by ants. Perhaps

this is due to differential shading in these habitats. The distribu-

tions of ants in Nigerian cocoa farms (Taylor and Adedoyin 1978) and

in a tropical forest, grassland, and agricultural area of Puerto Rico

(Torres 1984) were best explained by the amount of shade these areas

receive.

In addition to these observations, the effect of shade on ants

has been documented by studying zones of forest encroachment and by

experimentally altering the amount of solar radiation ant nests

receive. In his study of the closure of a glade, Brian (1956) found

that the gradual growth of trees and the concomitant increase in shade

decreased the number of warm, dry nest sites, thereby reducing the

number of ant colonies. Increased shading has been implicated as the

cause of colony relocations in Aphaenogaster rudis (Smallwood 1982),

Lasius flavus (Waloff & Blackith), Myrmica rubra and M. scabrinodis

(Brian 1956), Pogonomyrmexbadius (Carlson & Gentry 1973), and

Tapinoma antarcticum (Hunt 1973). Brian and Brian (1951) showed that

temperature, as regulated by solar radiation, affects colony success.

By monitoring artificial nests placed in the field under different

regimes of shading they found that less larval pupation occurred in

more shaded, hence cooler, environments.

The temperature of the external environment of ant nests is

apparently a very important factor regulating ant distribution in the

central Coast Range of Oregon as well. Camponotus modoc, C.

laevigatus, Tapinoma sessile, Formica neorufibarbis, Aphaenogaster

subterranea, Leptothorax muscorum, and a member of the Formica fusca
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group are the most commonly encountered species that nest on open,

warm sites (e.g. clearcuts). This survey indicates that shading by

trees exceeding 50% canopy cover greatly reduces the occurrence of

these species nests. Even the solar radiation index, adjusted for

slope and aspect but not tree canopy cover, was correlated with the

second DCA axis of the combined study area ordination. Such "shade

intolerant" (stenothermic) species are found only in forest clearings

of sufficient size to permit solar radiation to impinge on and warm

the forest floor. Perhaps the banks of stream and runoff channels in

McDonald Forest represent the lower limit on this forest opening

spectrum. On the other hand, Taciuspallitarsis, Leptothorax

nevadensis, Camponotus vicious, and Stenamma diecki are apparently

indifferent to the conditions created by overstory shading. This

"eurytherntie group occupies the same microsite and employs an identi-

cal nest architecture regardless if found on completely open or closed

tree canopy sites.

Elevation appears to be an additional variable of importance to

the classification of these ant habitats. The correlation between

elevation and the first axis of the combined study site and Mary's

Peak ordinations is most likely an artifact of the sampling design.

The mean elevation of the clearcuts sampled on Mary's Peak is about

100 m greater than that of the same area's forest plots (546 m vs 445

m) and nearly 240 m above the mean altitude of McDonald Forest (308

m); hence the correlation between elevation and the nests of ants

found on clearcuts. Furthermore, these small altitudinal differences

alone cannot explain the apparent allopatry of three common species.

Leptothoraxnuscorum is restricted to the clearcuts of Mary's Peak,
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L. nevadensis is found only in forested areas at the same site, and

the range of Aphaenogaster subterranea is limited to McDonald Forest.

All three species can occur at higher elevations. Leptothorax

muscorum is a boreal species and holds the New World's northernmost

ant collection record (Krombein et al. 1979). In his study of

Colorado ants Gregg (1963) collected Leptothorax muscorum from 1630 m

(5354 ft.) to 2682 m (8800 ft.) and a closely related subspecies of

Aphaenogaster subterranea (valida) from 1630 m (5354 ft.) to 2285 m

(7500 ft.). Leptothorax nevadensis was collected at 2285 m (7500 ft.)

in the Colorado Desert of southern California (Wheeler and Wheeler

1973). It is not likely that altitudinal effects alone, especially

the attenuation of the growing season with increasing elevation, can

explain the apparent habitat restrictions of these species. Perhaps

the climatic factor mediating this allopatry is rainfall and the

associated foreshortening of the growing season by cloudy weather.

McDonald Forest receives almost 60% less rainfall than Mary's Peak

annually. Malys Peak may be too cool and wet for successful estab-

lishment of Aphaenogaster subterranea nests at the elevations surveyed

even though such altitudes are well within the species' range. This

effect may also be responsible for the paucity of Leptothorax

nevadensis nests in mature forest on Mary's Peak. Similarly,

Leptothorax muscorum may not be able to invade forest openings in

McDonald Forest because the openings are too warm and dry.
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INTRODUCTION

The micro-distribution of ants has been investigated with

regard to physiological tolerances and microhabitat preferences (Brian

1952, Brian and Brian 1951, Levings 1983, Talbot 1934, Tbrres 1984 a &

b, Van Pelt 1956). From these studies, the temperature and dessica-

tion tolerances of ants have emerged as primary determinants of ant

spatial and activity patterns. Levings (1983) found that ant abun-

dance and activity were correlated with changes in moisture avail-

ability on Barro Colorado Island. Brian (1952) and Brian and Brian

(1951) established links between solar radiation, nest temperature,

and the ontogeny of workers and colonies of Myrmica rubs. Tbrres

(1984 b) examined the tolerances of ants in Puerto Rico to 45°C and

found that forest ants were less tolerant of high temperatures than

ants from other habitats (Torres 1984 a).

In general, nest sites are a limiting resource for ants (Brian

1956, 1964, Doncaster 1981, Sanders 1970). Ant queens may be very

selective in their choice of nest sites (Brian 1964, Wilson and Hunt

1966); however, workers of Aphaenogaster rudis may initiate nest

relocations (Smallwood 1982). In any case, quality and availability

of suitable nest sites may play a key role in determining ant distri-

bution. Quality of nests may be determined by a number of microsite

environmental and habitat characteristics including insolation,

shading, debris type and size, moisture content of debris, degree of

decay of debris, presence of other species, presence of ready-made

galleries, and presence of fungal fruiting bodies.

The local (microsite) distributions of ants can provide clues

to the nesting behavior, niche dimensions, and habitat selection of
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species. Patterns of species coexistence and modes of niche parti-

tioning may well depend on the nature of the nest substrate. Fur-

thermore, many ants are central place foragers; the effects of their

activities are centered on the nest and diminish with the distance

from it (Petal 1978, Franson unpub. data). The management of ants as

pests, predators of pests, and decomposers of logging slash can not be

performed effectively without knowledge of ant nesting habits.

The nesting patterns of wood-dwelling ants were investigated in

the central Coast Range of Oregon. The density and distribution of

ant species and their nests were dPgcribed for coarse woody debris.

Correlations between microsite environmental variables and the abun-

dances of ant nests were used to uncover the salient differences

between microsites.

MATERIALS AND METHODS

Sampling Methods

A 64 hectare tract in the eastern foothills of Oregon's Coast

Range and 40 ha. on the northeast flank of Males Peak in the central

Coast Range of Oregon were sampled for ant nests. For each hectare

in these study areas one 0.01 hoL sample plot was surveyed for the

nests of wood-dwelling ants. On each sample plot all logs, stumps,

and snags (starting dead trees) greater than 10 cm in maximum diameter

were carefully dissected to locate ant nests. The following attri-

butes of each piece of coarse woody debris were recorded: wood

species, debris type (i.e. log, stump, or snag), size (length or

height; maximum and minimum diameters), decay class, amount of bark

remaining, soundness of the sap- and heartwood, and the presence of

fungus fruiting bodies (conks). The volume and surface area of the
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debris was computed from its dimensions. A decay class was assigned

according to a five-point Douglas-fir log decomposition scheme used in

vegetation surveys (Hawk et al. 1979). The decay class index

increases as decomposition proceeds (i.e. 1 represents sound, and 5

very decomposed wood). Similarly, the 5 point bark remaining scale

ranges from complete bark cover (stage 1) to complete bark loss (stage

5) and the 3-point sap and heartwood hardness schemes range from sound

(stage 1) to decomposed (stage 3) wood. When ant nests were

encountered their approximate size, location in the former trees'

tissues, and, whenever possible, number of queens were recorded.

Additionally, the moisture content and hardness of the debris' wood

were measured and the aspects of ant nests in stumps (i.e. the

nests' locations in respect to magnetic north) were noted at the

Mary's Peak site. Pieces of wood were enclosed in polyethylene bags

during the dissection process, returned to the lab and weighed before

and after drying for ca. one week at 104°C4 Moisture content was

recorded as the percent of the dry weight represented by water (i.e.

(wet wt.- dry wt.)/dry wt. X 100). A pilodyne (a spring-loaded, decay

detection penetrometer) was used to measure the hardness of the outer-

most sapwood. The average distance (in mm) the probe penetrated at

three equally spaced points on each log and stump represented that

piece of debris' pilodyne reading in all subsequent analyses.

Analyses

Snags were treated as stumps in all analyses because of their

paucity and apparent ecological similarity to stumps. The logs and

stumps of the two study sites (McDonald Forest and Mary's Peak) were

analyzed separately to avoid the study site differences discussed in
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Chapter I.

Univariate Statistics:

Chi Square analysis was used to compare the number of logs and

stumps containing ant nests and to examine the distribution of nests

in three debris microsites (bark, cambial zone, and wood). T-tests

were used to compare the mean number of ant nests in logs and

stumps, and in the primary habitat types, clearcuts and forests. The

mean moisture contents of woody debris samples of nest- and non-nest

wood (and bark); bark and wood; and logs, stumps, and snags were

compared using Student Newman-Keuls t-tests. The variation in mois-

ture content of woody debris samples was analyzed with general linear

models (the analogs of ANOVA for unequal cell sizes and variances).

Rayleigh's circular statistical test was used to examine the within

stump distribution of all ant nests combined and that of the six most

abundant ant Species. The number of nests in each stump's eight 45

degree sectors (corresponding to the eight cardinal compass direc-

tions) was compared to a random distribution and a mean angle of nest

concentration and angular deviation were calculated.

Multivariate Statistics:

Detrended correspondence analysis (DCA) implemented with the

computer program DECORANA (Hill 1979) and was used to interpret the

relationship between log and stump characteristics and the ant nests

they contained (Hill and Gauch 1980). This technique facilitated the

assessment of ant nesting patterns in woody debris and the description

of the debris microsite. To aid in the interpretation of the ordina-
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tion axes, the scores of each log or stump on the first two DCA axes

were correlated with the corresponiing debris variables described

above. Correlation analyses were also conducted to determine species

associations and species/environment relationships at the nest sub-

strate level. Correlations between the debris variables themselves

were examined to reveal their intercorrelations.

RESULTS

Habitat and Debris Type Comparisons

Ant nesting patterns within woody debris is a flincticn of the

habitat in which logs, stumps, and snags occur. Clearcuts, and hence

clearcut debris, contain a greater abundance and diversity of ant

species than forests (Chapter I; Table II.1). Clearcut debris has

significantly more nests of all ant species than that of forests (P <

0.001; Table 11.2). Individually, however, species responses to these

habitat types vary (Table 11.2): Lasius pallitarsis (Prowinchel) and

Leptothorax nevadensis Wheeler exhibit greater nest densities in

forest debris (P < 0.001 and 0.01 respective.ly). Tapinoma sessile

(Say) and Camponotus modoc Wheeler achieve their highest nest den-

sities in clearcut debris (P < 0.001). The mean nest densities of

Camponotus vicinus Mayr, Aphaenogaster subterranea (Emery) and Formica

neorufibarbis Emery are statistically independent of habitat type.

The trend described above for the nests of all ants in coarse woody

debris (i.e. logs, stumps, and snags) is independent of debris type.

That is the mean nest densities of all species combined in logs and in

stumps are greater for clearcut logs and stumps. However, for indivi-

dual species in stumps two patterns emerge: either there are signifi-

cantly greater mean nest densities in clearcut stumps (as in
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Table II.1. Mean nest density (standard deviation) of all
ants in woody debris from forest and clearcut
habitats. P-values reflect t-tests corrected
for unequal variances.

LAGS STUMPS

.3810 (.728) .7204 (1.35) P< .025FOREST (ALL ANTS)

CLEARCUT (ALL ANTS) .6271 (1.525) 3.431 (4.54) P< .001

P< .001 P< .001
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Table 11.2. Mean nest density in woody debris from forest and
clearcut habitats (standard deviation). P- values

reflect t-tests corrected for unequal variances.

SPECIES CLEAR CUT (N=473) FOREST (N=631) P -VALUE

Lasius .0867 (.282) .2124 (.409) < .001

pallitarsis
.0381 (.232) .0919 (.3997) < .01Leptothorax

nevadensis
Camponctus
vicinus

.0677 (.291) .0412 (.199) N.S.

Tapinoma
sessile

.0930 (.368) .0159 (.148) < .001

Aphaenogaster
subterranea

.0233 (.151) .0111 (.119) N.S.

Camponctus
modoc

.5476 (1.58) .0190 (.148) < .001

Formica
neorufibarbis

.0296 (.214) .0206 (.142) N.S.

ALL ANTS 1.015 (2.313) .4311 (.857) < .001
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Camponotus vicinus P < 0.005, Tapinoma sessile P < 0.005, and

Camponotus modoc P < 0.001) or there are no statistical differences in

ant distribution between habitat types. Furthermore, an examination

of logs in each habitat reveals that Lasius pallitarsis and

Iaptothorax nevadensis have greater (P < 0.001) mean nest densities in

forest logs, whereas more nests of Tapinoma sessile and Camponotus

modoc occur in clearcut logs (P < 0.001).

Stumps contain more ant nests than logs (X2 = 13.75, P <

0.005). Approximately one-in-three (30%) logs contained ant nests,

whereas ant nests were fcxmd in 56% of all stumps sampled. Based on

their nest densities, stumps represent the highest quality nest site

resource in this study. For all ant nests combined the mean number of

nests per stump is nearly three times greater than that of logs (P <

0.001, Table II.1). With the exceptions of Stenamma diecki Emery and

Formica neorufibarbis, all ant species with seven or more nests had

significantly higher nest densities in stumps than logs (P < 0.025,

Table 11.3). This trend appears to be independent of habitat because

within forests or clearcuts the mean nest densities for all ants

combined are greatest in stumps (P < 0.001, Table II.1) . Individual

species fall into three groups: species with significantly higher

mean nest densities in stumps of both habitats (e.g. Lasius

pallitarsis); species with significantly greater nest densities in

clearcut stumps only (e.g. Camponotus modoc); and species with no

significant differences in mean nest densities within habitats (Table

II.4) .

Log and Stump Ordinations

Detrended correspondence analysis (DCA) was conducted to fur-
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Table 11.3. Mean nest density of ants in stumps and logs
from all habitats (standard deviation). P-values
reflect t-tests corrected for unequal variances.

SPECIES STUMPS (N=151) LOGS (N=953) PhVALUE

Lasius
pallitarsis

.2914 (.456) .0570 (.316) < .001

Leptothorax
nevadensis

.1457 (.453) .0570 (.316) < .05

Cates
vicinus

.1325 (.359) .0399 (.216) < .005

Thpinoma
sessile

.1720 (.539) .0294 (.187) < .005

Aaenogaster
subterranea

.0596 (.264) .0094 (.097) < .025

Cates
ncdoc

.6556 (2.04) .1805 (.799) < .005

Fbrmica
neorufibarbis

.0397 (.227) .0220 (.167) N.S.

Campcnctus
laevigatus

.1190 (.475) .0097 (.141) < .005

Leptothorax
nuscorum

.0530 (.278) .0042 (.065) < .05

Fbrmica
fusca

.0331 (.171) .0021 (.046) < .05

Stenamma
diecki

.0397 (.196) .0094 (.148) N.S.

ALL ANTS 1.762 (3.274) .510 (1.154) < .001
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Table 11.4. Correlation of ordination scores for McDonald
Forest logs with log variables. Pearson corre-
lation coefficients over probability. Only
significant (P1/4.05) correlations are shown. N=180.

AXIS 1 AXIS 2

DIAMETER -0.1333 0.1887
(0.0746) (0.0112)

DECAY CLASS -0.1737
(0.0197)

SAPWOOD BARENESS -0.1871
(0.0119)

HEARTWOOD HARI:MSS -0.2737
(0.0002)
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ther examine and contrast logs and stumps as nest sites. Logs and

stumps were ordinated separately due to the disparity of their mean

nest densities outlined above.

The first axis of the McDonald Forest log ordination seems to

represent a size gradient (Fig. 11.1). The maximum diameter of the

logs are negatively correlated with the logs' ordination scores (Table

11.4). The intercorrelations of the log microhabitat data reveal that

log diameter is related to the stage of log decomposition (Table

11.5). Although the points are widespread, Axis 1 appears to separate

small, decomposed logs from larger more sound logs. This axis may

also distinguish between logs on exposed (e.g. clearcuts) and pro-

tected (e.g. forested) sites. Only one of the 19 logs that comprise

the point at the left end of Axis 1 was found on a clearcut. Further-

more, all of the logs in this group contain one nest of Camponotus

vicinus a species that nests in well decomposed wood and seems to

tolerate shading of its nests. The second group discernibly separated

by Axis 1 includes seven very large (diameter in excess of 1m), less

decomposed logs found in a stream channel. Formica neorufibarbis

inhabits the space between the bark and wood of logs on this more

exposed site.

The second axis is similar to the first and represents a size

and decay gradient (Fig. II.1). Maximum log diameter is positively

correlated with each log's ordination score along this axis, whereas

each log's decay class and relative sapwood and heartwood hardness are

negatively correlated (Table 11.4). Accordingly, decay class and sap-

and heartwood hardness are positively correlated with one another

(Table 11.5). The two extremes of this axis are occupied by five
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Table 11.5. Correlation matrix for McDonald Forest log microsite
variables. Pearson correlation coefficients over proba-
bility. Only significant correlations are shown. N=532.

LO6

DECAY SAPWOOD FEARTWCOD SURFACE LO6

DIAMETER CLASS S BAR( fARDMESS HARDmESS AREA VOLUME

DIAMETER

DECAY CLASS

BARK - 0.2558
0. 1

SAMOD 0.7324 - 0.1485

HARDMESS 8. 1 O. N86

HEARTWOOD 0.1206 0.7917 - 8.2328 0.6337

141RDtESS 8. 0054 8.0001 8.0001 0. 1

LO6 SURFACE 0.4568 - 0.1117 0.8861 - 0.1047

AREA 0. 8.0899 0.8471 0.0157

LO6 VOLUME 8.0321 0.0908 8.1137 0.9159

0.0081 8.0362 8.0087 0.0001

CONKS 8.1084 0. 1569 0.2071 8.1617

8.0124 0.8003 0.0001 0.0002
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clearcut logs that contain Camponotus modoc nests and twenty forest

logs with nests of Leptothorax nevadensis II.1).

Although no tight clustering of logs is apparent, logs from

exposed sites (clearcuts and stream channels) are generally restricted

to the low to mid range of Axis 1 and mid to high range of Axis 2

(Fig. II.1) . The largest concentration of logs occurs near the middle

of the figure (point A; Fig. 11.1). Eighty-five forest and two clear-

cut logs comprise this point; each log has one nest of Lasius

pallitarsis. The difference between logs is accentuated because most

often there is only one ant nest per log. The low diversity and

abundance of ant nests in logs means that logs will either have

identical or completely different Species compositions.

A comparison of the mean nest densities of ants found in logs

on clearcuts and forests at the McDonald Forest site corroborates the

inability of the DCA ordination to clearly distinguish logs from these

two habitats (Table 11.6). With the exception of three infrequent

species (i.e. with 2 or fewer nests total), the species composition of

logs on clearcuts and in forested areas is remarkable similar.

Formica neorufibarbis, found in forest logs, is the only species not

encountered in logs of both habitats. As in the comparison of logs

from both study sites, Lasius pallitarsis and Leptothorax nevadensis

have significantly greater nest densities in forest logs than clearcut

logs (P < 0.001 and 0.05 respectively, Table 11.6), whereas Tapinoma

sessile and Aphaenogaster subterranea exhibit the opposite trend (P <

0.001 and 0.05 respectively, Table 11.6). Formica neorufibarbis also

has a significantly larger nest density in forest logs due to its

absence from logs on the clearcuts of McDonald Forest (P < 0.001,
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Table 11.6 Mean nest densities (standard deviation) in
McDonald Forest logs from clearcut and forest
habitats. P- values reflect t-tests corrected
for unequal

SPECIES

variances.

(N=137) FOREST (N =395) 10-VALUECLEARCUT

Lasius .0124 (.331) .2430 (.429) < .001
pallitarsis

Leptothorax
nevadensis

.0438 (.205) .1060 (.449) < .05

Camponotus
vicinus

.0584 (.235) .0480 (.214)

Tapinoma
sessile

.2920 (.270) .0127 (.112) < .001

Aphaenogaster
subterranea

.0438 (.205) .0076 (.087) < .05

Camponotus
modoc

.0510 (.221) .0180 (.132)

Formica
neorufibarbis

0110.1M .0280 (.165) < .001

Formica
fusca

.0070 (.085) .0025 (.050) N.S.

Camponotus
noveboracensis

.0146 (.120) -- N. S .

Anblyapone
oregonense

.0146 (.120)

Stenamma
diecki

MONINI .0025 (.050) N.S.
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Table 11.6).

The first DCA ordination axis for the logs of Mary's Peak also

represents a complex decomposition gradient. Nearly all of the

recorded decay parameters are positively correlated with the logs'

scores on Axis 1, including the moisture content of the wood and

penetrance by the Pilodyne's probe (Table 11.7). Axis 1 is also

positively correlated with plot number and, thereby with the stage of

forest regeneration (Table 11.7). Plot number and this suite of

decomposition variables are highly intercorrelated (Table 11.8). All

of the logs found under forest conditions are restricted to the mid to

high range of Axis 1, whereas logs on clearcut areas occur only at the

opposite end of this axis (Fig. 11.2). Nests of Leptothorax

nevadensis are only found in the four logs representing the right

endpoint of Axis 1 (i.e. 4 logs with identical ordination scores on

Axes 1 and 2) and the log immediately adjacent to this point (Fig.

11.2). Logs containing nests of species common to clearcuts

(Camponotus modoc and Formica neorufibarbis) are found at the opposite

pole of this oblong cluster. Similarly, logs found on clearcuts that

contain 1 - 4 ant nests of the species frequently encountered in

forest logs (i.e. low ant species diversity and nest abundance) are

also found in this group. Logs on clearcuts are more likely to have

more than one ant nest than are forest logs and often contain one nest

of Camponotus modoc or Tapinoma sessile.

The second axis may represent a resource gradient as well as a

decomposition gradient (Fig. 11.2). The percent of bark remaining on

the logs is positively correlated with the logs' ordination scores

(Table 11.7). The logs at the lower end of Axis 2 have less bark
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Table 11.7. Correlation of Mary's Peak log ordination scores
with log variables. Pearson correlation
coefficients
(P<.05) correlations

PLOT NUMBER

over probability.
are shown.

AXIS 1

0.5806
(P< .0001)

Only significant
N=106.

AXIS 2

-0.2171DECAY CLASS
(P< .0254)

% BARK 0.3719
(P< .0001)

SAPWOOD HARDNESS 0.1912 -0.1953
(P< .0496) (P< .0449)

HEARTWOOD HARDNESS -0.1957
(P< .0444)

CONES 0.2281
(P< .0187)

MOISTURE 0.3301
(P< .0005)

PILODYNE PENETR. 0.2602 -0.1946
(P< .0071) (P< .0457)

SURFACE AREA 0.2379
(P< .0141)

VOLUME 0.2379
(P< .0140)
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Table 11.8. Correlation matrix for Mary's Peak log microsite vari-
ables. Pearson correlation coefficients over probability.
Only significant correlations are shown. N=423.

PLOT NIGER

DECAY CLASS

% BARK

LOS PILODYNE

PLOT DECAY SAPWOOD HEARTWOOD SURFACE LOS PROBE

POSER CLASS % BARK HARDNESS HARDNESS AREA VOLUME CONKS PENETRATION

8.3991

8.0001

- 8.4066
0.8001

SAPWOOD 8.3866 0.8943 - 8.3403

HARDNESS 8. 1 8. 8. 1

HEARTWOOD 0.3018 8.8773 -0.4192 0.8189

HARDNESS 0. 1 0. 1 8. 1 0.N01

LEG SURFACE 0. 1329 0.2360 8.2552 0.1787

AREA 0.0062 8.0001 0. 0.0004

LEG VOLUME 8.1818 0.1954 8.1293 8.9347

0.0802 8.0001 0. 1 0.0081

CONKS 0.1688 8.1036

I. 0085 0.8332

PILODYNE 0.4836 8.8457 - 8.2985 8.8270 0.7662 0.2868 0.2280

PROBE 0. 0.0001 8.0081 8.8001 8.8001 0.8001 8.8001

PENETRATION

LEE 0.3375 8.5946 0.1836 0.5613 8.5402 0.2988 8.2233 0.6007

MOISTURE 8.0001 0.0001 O. 1 O. 1 0.0001 0. 01 0.0001 0.0''1
CONTENT
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Figure 11.2. Detrended correspondence analysis ordination of
Manes Peak log samples. Solid circles represent
logs in clearcuts; open circles represent logs in
forests.
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covering them than logs further out on this axis (Fig. 11.2). A

slightly different set of log decomposition variables - hardness of

the sap- and heartwood and decay class - are negatively correlated

with Axis 2 (Table 11.7). This suite of decomposition variables (sap,

and heartwood hardness, decay class, and pilodyne penetration) are

positively correlated with one another and negatively correlated with

the amount of bark remaining (Table 11.8). Two forest logs with one

Camponotus vicinus nest each comprise the lower endpoint of Axis 2 and

nine clearcut logs that contain one Tapinoma sessile each ordinate

near the upper endpoint (Fig. 11.2).

As in the log ordination of the McDonald Forest site, most logs

(ca. 55%) are concentrated near the center of the ordination diagram

(Fig. 11.2). Forty-four logs in this group contain only one nest of

Camponotus modoc and consequently have identical ordination scores on

Axes 1 and 2. Unlike the ordination for the logs of the McDonald

forest site, one cluster of forest logs is distinguishable for the

Mary's Peak site. Furthermore, the remaining points are less wides-

pread and appear more cohesive. Although more logs at this site

contain more than one nest, large differences between logs still

exist due to the low abundance and diversity of the ant nests they

house.

The forest log group of the Mary's Peak site is impoverished in

ant species and nests compared to the same group for the McDonald

Forest site. Six species occur in these logs and each had fewer than

eight nests. Only one of these six species, Leptothorax nevadensis,

exhibits greater nest densities in forest logs than clearcut logs (P <

0.05, Table 11.9). In contrast, Tapinoma sessile, Camponotus modoc,
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Table 11.9. Mean nest densities (standard deviation) in
Mary's Peak logs from clearcut and forest
habitats. P-values reflect t-tests corrected
for unequal variances.

CLEAR= (N=278) FOREST (N=143) P-VALUESPECIES

Lasius .0432 (.204) .0420 (.201) N.S.
pallitarsis

.0420 (.234) < .05Leptothorax
nevadensis

Camponotus
vicinus

.0324 (.246) .0140 (.118) N.S.

Tapinama
sessile

.0683 (.253) < .001

Camponotus
laevigatus

.0324 (.260) < .05

Camponotus
modoc

.5650 (1.39) .0070 (.084) < .001

Formica
neorufibarbis

.0324 (.230) .0070 (.084) N.S.

Formica
accreta

.0072 (.085)

Camponotus
noveboracensis

.0036 (.060)

Formica
subnuda

.0108 (.104) N.S.

Stenamma
diecki

.0559 (.371)

.0144 (.119) < .05Leptothorax
muscorum

Formica
hewitti

.0036 (.060)

Formica
microgyna

.0036 (.060) N.S.
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Camponotus laevigatus (Smith), and Leptothorax muscorum (Nylander)

have greater nest densities in logs on clearcuts than logs on the

forest floor (P < 0.001, 0.001, 0.05, and 0.05 respectively; Table

11.9) .

The first axis of the ordination of stumps in the McDonald

Forest site may represent a bark resource gradient (Fig. 11.3). The

percent of bark remaining on the stumps is negatively correlated with

the stumps' ordination scores (correlation coefficient and probability

-0.2486/P<0.0756). The amount of bark is also correlated with the

hardness of stumps' heartwood (Table 11.10). The lower endpoint of

Axis 1 consists of a group of 9 forest logs that contain one nest of

Leptothorax nevadensis each (Fig. 11.3). Twenty six stumps, each with

one nest of Lasius pallitarsis, comprise the upper endpoint.

Axis 2 also correlates with the presence of fungal fruiting

bodies (conks; Fig. 11.3). Although the ordination scores of stumps

are positively correlated with this axis, Axis 2 does not aid in the

elucidation of any new groups (correlation coefficient and probability

0.2808/P<0.0438). Furthermore, the lack of any noteworthy correla-

tions between this and other environmental variables make the inter-

pretation of this axis dubious (Table 11.10).

The first axis of the ordination of stumps from the Mary's Peak

site represents the successional stage of the forest site (Fig. 11.4).

Plot number (Plots 1 - 20 clearcut samples; 21-40 forest samples) is

positively correlated with the ordination scores of the stumps on Axis

1 (correlation coefficient and probability 0.4585/P<0.0083). In

addition, four stump decomposition variables (decay class, Pilodyne

probe penetration, and hardness of the sap- and heartwood) are cor-
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Figure 11.3. Detrended correspondence analysis ordination of

McDonald Forest stump samples. Solid circles

represent stumps in clearcuts; open circles

represent stumps in forests.
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Table II.10. Correlation matrix for McDonald Forest stump microsite
variables. Pearson correlation coefficients over
probability. Only significant correlations (P.05) are
shown. N=99.

STUMP

DECAY SAPWOOD IARTWOOD SURFACE STUMP

CLASS % BARK HARDNESS HARDNESS AREA VILUNE

DECAY CLASS

% BARK

SAPWOOD 8.7576

HARDNESS 0.8081

HEARTWOOD 0.7614 8.1957 8.7288

HARDNESS 8.8081 8.8522 8.0001

STIPP SURFACE 8.3333 -8.2216 -8.3203

AREA 0.0007 8.8275 0.0012

STIPP VCILPIE 8.2839

8.8844

- 8.2978 - 8.3223 8.8383

8.8028 0.0011 8.0881
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Figure 11.4. Detrended correspondence analysis ordination of

Mary's Peak stump samples. Solid circles

represent stumps in clearcuts; open circles

represent stumps in forests.
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related with plot number (Table 11.11). Axis 1 separates the six

stumps found under forest canopies from stumps on c.learcuts (Fig.

11.4). Each forest stump has only one nest, principally of Lasius

pallitarsis or Stenamma diecki, whereas clearcut stumps may contain

nests of one to six different species and one to seventeen nests of

each species. The low diversity and nest abundance of the forest

stumps segregate them from their clearcut counterparts.

None of the environmental variables recorded for stumps can

explain the differences between them on Axis 2 (Fig. 11.4). The

scores of clearcut stumps along Axis 2 are si m i l ar, whereas two out-

lying forest stumps comprise the endpoints of this axis. This phenom-

enon may be a manifestation of the paucity of both ant species and

nests in forest stumps. Snags were included as stumps in the analy-

sis. One of 2 snags from the Mary's Peak site contained ants and 9 of

21 snags at the McDonald Forest site were inhabited by ants.

Nearly two-thirds (20/32) of the stumps fluid the Mary's Peak

site have ordination scores near the center of Axes 1 and 2 (Fig.

11.4). Stumps in this group are found only on clearcuts and typically

have one to three nests of two or more of the following species:

Camponotus modoc, Tapinoma sessile, Camponotus vicinus, C. laevigatus,

Formica neorufibarbis, and Leptothorax muscorum.

Nest Distribution Within Stumps

Within stumps, the nest distributions of the three most fre-

quently encountered species, Camponotus modoc, Lasius pallitarsis, and

Tapinoma sessile and all ants combined are significantly different

from that expected by a random distribution (Rayleigh's test P < 0.001

and 0.002 respectively; Fig. 11.5). Moreover, 59% of all ant nests
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Table II.11. Correlation matrix for Mary's Peak stump microsite
variables. Pearson correlation coefficients over proba-
bility. Only significant correlations are shown. N=50.

PLOT NUMBER

DECAY CLASS

% BARK

SARIJOD

HARRESS 0.00`55 0. 1 0. 1

STUMP PILODYNE

PLOT DECAY SAPVEDD WARMED SURFACE STUMP PROBE

FUSER CLASS % BARK HARDNESS HARDNESS AREA VOLUME CONKS PENETRATION

8.4486
0.8014

- 8.6002
e.Wel

0.3867 0.9115 - 8.5019

HEARTWOOD 8.4136 0.7900 - 8.4471 0.6506
HARDNESS 0.0028 0.0001 0.0001 0.8001

STUMP SURFACE

AREA

STUN) VOLUME

CONKS -8.3345
8.0176

PILODYNE

PROBE

PENETRATION

STUMP

MOISTURE

CONTENT

0.3220 8.8783 0.5121 0.8956

- 0.3780
8.8882

- 8.3486 8.9481
8.0131 0. 81411

8.6086

0.8226 8.0001 0. 0001 0. 1 8.

8.5877 0.2949 0.5076 8.3776

-0.2894
8.8415

0.5150

8. 1 0.8376 0.0802 0. 0069 0.0001
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and more than 70% of the nests of the aforementioned species occur in

three southern sectors; southeast, south, and southwest Furthermore,

both the mean angle of each nest sample and the corresponding mean

angular deviations encompass this region (Fig. 11.5).

Nest Microsites

Wood is the nest substrate most frequently utilized by the two

Carnponotus species, C. modoc and C. laevigatus, and Lasius

pallitarsis, (P < .005 for each) whereas a greater proportion of

Leptothorax nevadensis, Tapinoma sessile, and Aphaenogaster

subterranea nests are found in bark (P < 0.005, 0.01, and 0.05 respec-

tively; Table 11.12). Few ant nests occupy the space between the bark

and wood (cambial zone; Table 11.12). Although all of these species

may initiate colonies in bark tissue, only the "bark- nesting" species

remain in this microhabitat after their colonies mature and until the

bark is completely decayed or fragmented. With the exception of

Carnponotus vicinus, the sample size (number of nests) of the remaining

species is too small to observe a statistical difference in

microhabitat use (Table 11.12). Mature nests of Carnponotus vicinus

are large and frequently encompass all three microsites. Similarly,

mature colonies of Lasius pallitarsis are large and contain galleries

of equal scope; however, this species more commonly inhabits older

more decayed debris on which the bark has either weathered to a thin

shell or been lost entirely. The nests of Leptothorax nevadensis,

Leptothorax muscorum, and Stenamma diecki are the smallest and most

compact of all the ant species collected and appear to most commonly

occupy abandoned bark beetle mines.
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LAPA

ALL

TO=198 2:51°

r.7.060 (p< 0.001)
n=20

.C13:190± 52°
r =0.59 ( p<0.002)
n=18

7157,193 ± 65°

r .0.36 (p <0.001)
n=194

Figure 11.5. Frequency of ant nests in stumps by aspect for
Camponotus modoc (CAMO), Lasius pallitarsis (LAPA),
Tapinoma sessile (TASE), and all ants combined (ALL) .

r = mean vector length
0 = sample mean angle ± angular standard deviation

n = sample size
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Table 11.12. Comparison of numbers of nests in different
regions of woody debris.

BARK CAMBIUM WOOD TOTAL X2 P6NAIDESPECIES

Camponotus
modoc

80 10 169 259 152.43 < .005

Lasius 20 5 94 119 114.46 < .005
pallitarsis

58 0 23 81 63.19 < .005Leptothorax
nevadensis

Tapinoma
sessile

22 5 15 42 10.43 < .01

Aphaenogaster
subterranea

9 1 6 16 6.6 < .05

Camponotus
laevigatus

6 1 16 23 15.21 < .005

Camponotus
vicinus

10 3 12 23 5.36 N.S.

Stenamma
diecki

5 0 4 9 3.83 N.S.

6 1 3 10 3.80 N.S.Leptothorax
muscorum
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Nest- and Debris Wood Moisture Contents

The moisture content of woody debris is a function of the

habitat in which it occurs and presence or absence of ant nests

within it (P < 0.0001; Table 11.13). It is independent of the

type of debris (i.e. log, stump, or snag), debris tissue (i.e.

bark or wood), and all interactions between these classes (Table

11.13). There are no statistical differences between the mean

moisture content of bark and wood samples or among samples of

logs, stumps, and snags (P < 0.05). In addition, the mean

moisture content of wood and bark samples that contain the

galleries of ants and samples devoid of insect workings are not

significantly different (Table 11.13). However, if debris

lacking ant galleries is classified by habitat (i.e. clearcut or

forest), contrasts appear: Forest (non-nest) samples of logs,

stumps, and snags contain more than twice as much water as

clearcut samples (P < 0.05; Table 11.13). Moisture content of

wood and bark samples from nests of Camponotus modoc are

statistically indistinguishable from pieces of clearcut debris

free of ant workings (P < 0.05; Table 11.13). Furthermore, the

mean moisture content of samples of forest debris and gallery

wood (and bark) of Lasius pallitarsis and Camponotus laevigatus

are significantly greater than mean moisture contents of

Camponotus modoc nestwood and clearcut (non-ant) debris (P <

0.05; Table 11.13). There are no significant differences in

moisture content of the aforementioned group (forest debris, C.

laevigatus, and L pallitarsis).
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Table 11.13. Comparison of moisture content of woody debris
with (species name) and without (habitat name)
ants. Identical letters indicate means that are
statistically the same; different letters indi-
cate means that are significantly different (p <
0.05) by the Student Newman -Keuls test.

DEBRIS TYPE (N) MEAN % MOISTURE

FOREST (151) 172.62 A
Lasius pallitarsis (19) 161.31 A
Camponotus laevigatus (12) 149.04 A
Tapinoma sessile (13) 114.97 A B
Camponotus modoc (144) 89.36 B
CLEARCUT (311) 72.10 B
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DISCUSSION

Comparison of the distribution of wood-nesting ants in clearcut

and forest woody debris reflects the macrosite patterns described

earlier (Chapter I). Lasius pallitarsis and Leptothorax nevadensis

maybe better adapted to forest conditions as suggested by their

greater nest densities in forest floor debris while the nest densities

of Camponotus modoc and Tapinoma sessile indicate that these species

are better able to exploit woody debris in open areas. Aphaenogaster

subterranea, Camponotus vicinus, and Formica neorufibarbis are

anomalous, for although they are members of the clearcut complex of

species they do not exhibit greater nest densities in clearcut debris.

However, Camponotus vicinus achieves higher nest densities on stumps

in clearcuts than on stumps in forests. Aphaenogaster subterranea and

Formica neorufibarbis are common to natural forest openings of the

McDonald Forest site.

Reasons for the apparent superiority of stumps over logs as a

nest site resource are unclear. Many hypotheses can be formulated to

explain this phenomenon; however, none can be substantiated or refuted

given the correlative nature of the data. For example, logs maybe

biotically inferior to stumps due to a higher predation rate of

founding queens or established colonies within them. Competition from

other organisms may also be greater in logs. The abiotic environment

of logs may be more hostile than stumps: logs may be more prone to

disturbance, dessication, and decomposition. However, Brian's inves-

tigation of the relation between ant growth and the amount of solar

radiation ant nests receive prompts another explanation (Brian and

Brian 1951). Nest temperature, as mediated by solar radiation,
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discovered that most species inhabit logs in some stage of decay and

the stage varies with the species. Gregg (1963) found that the number

of species peaked in logs of decompositional stage 4 of his 1 - 6

point decay scale. In Colorado nearly 68% of the 53 species that

occur in decomposing logs are in class 4 logs (Gregg 1963). Although

no correlations between stump decomposition stage parameters and ant

nest abundance were found for the Oregon data, the observations of

Brian and Brian (1951) indicate that decayed stumps in a Scottish

woodland contain more ant nests. This difference may be due to the

lack of comparable sites because of the paucity of stumps prior to

stand felling in Oregon (i.e. preplantation stumps).

Maintenance of appropriate nest humidity is essential for

normal brood development (Wilson 1971). Furthermore, the abundance

and activity of ant species is correlated with changes in moisture

availability in tropical forest floor ant communities (Levings

1983). The moisture content of Camponotus laevigatus and Lasius

pallitarsis nestwood (and bark) approaches the moisture content of

forest debris and may reflect the dessication tolerance and nest

site requirements of these two species. The high nest moisture

content of Lasius pallitarsis may also be due to its abundance in

forests. However, Camponotus laevigatus does not occur under dense

canopy cover and its nestwood moisture content could accurately

depict its physiologic tolerance.

The nest microsites described may be a function of the ant

species' ability to mine sound wood. Talbot (1934) observed species-

specific differences in wood-mining abilities of ants. Although

Lasius niger and Ponera coarctica were found in wood of decay stage 2,
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they did not mine the wood and resided under the bark (Talbot 1934).

Furthermore, Leptothorax species used bark crevices in logs of decay

stage 1, but did not mine sound wood and the Camponotus species

appeared to be "restricted to hard wood" (Talbot 1934). In contrast,

Brian (1952) conjectured that Leptothorax acervorum may be "forced" to

mine in sound wood for protection from Formica fusca. In the central

Coast Range of Oregon Camponotus modoc mines wood and bark of debris

in all stages of decay, but mature nests are most frequent in wood of

decay classes 2 - 4. The amount of bark remaining on a log or stump

is indicative of the degree of decomposition and may be reflected in

the number of "bark nesting" species. The crevice nesting species,

Leptothorax nevadensis, L muscorum, and Stenamma diecki, occupy pre-

formed cavities in bark of debris in all stages of decay and only mine

wood in the final stages of decomposition. Camponotus vicinus and

Lasius pallitarsis inhabit the bark and wood of softened debris and

often occupy and expand abandoned termite galleries.
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ANT DISTRIBUTION AND FOREST ECOLOGY

The spatial distribution of ant nests is a structural component

of ant communities. The location of ant nests determines the center

of their territories and therefore, their sphere of interaction with

the surrounding biotic and abiotic environment. Often, competition

for food and ant aggressiveness may decrease in intensity with

distance from the nest entrance (Wheeler 1910). The laws of foraging

economics require that food items contain more energy than that

required to procure them. This restricts foraging arena size for

central place foragers, such as wood-nesting ants, and imparts another

pattern upon the landscape. In turn, the macro- and micro-environment

of the chosen nest site modify this mosaic by altering ant species

composition and nest density, as well as that of potential food items.

As a consequence, a colony's survival may well be dictated by the nest

site selected.

The location of ant nests also affects other members of the

forest community. Ants may cut the vegetation surrounding their

nests, thereby modifying the interactions between plants (Janzen

1969). Nutrient rich ant-middens and discarded seeds may further

alter the composition of the flora surrounding ant nests. Ant

colonies also represent an important food resource for other organisms

(e.g. birds in Britain and in Oregon; Cowdy 1973, personal observa-

tion). The distribution of forest herbs (Handel et al. 1981) and

arthropods exploited by ants (e.g. aphids, Bradley and }links 1968) may

also be a function of ant nests distributions .

Modifications of ant assemblages can be seen across relatively

small environmental differences, as exhibited by the Mary's Peak and
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McDonald Forest study areas. The proximity (ca. 20 km apart) and

ecological similarity of these sites undoubtedly accounts for the

broad species overlap (ca. 67%) observed. Furthermore, the rare

species may occur at both sites at very low frequencies and, conse-

quently, may have been missed during sampling. However, insufficient

sample size cannot explain the lack of Leptothorax muscorum in

McDonald Forest samples and Aphaenogaster subterranea and a member of

the Formica fusca species group in Mary's Peak plots. These species

differences may be the result of climatic or slight geographical

(physiognomic) differences. Perhaps higher elevations or rainfall or

a combination of altitudinal effects and moisture prevent the

successful establishment of the thermophilic species Aphaenogaster

subterranea and Formica fusca species group on Mary's Peak.

Conversely, the warmer and drier conditions of McDonald Forest may

prohibit the successful colonization of this area by a boreal species

like Leptothorax muscorum. Mary's Peak and McDonald Forest may also

be separated by distributional boundaries for these species. The

ranges of Aphaenogaster subterranea and Formica fusca may be centered

in the warmer interior valleys and foothills such as the Willamette

Valley whereas Leptothorax muscorum may be limited to higher

elevations at this latitude.

The difference in nest densities between the two study sites is

best explained by the greater number of clearcuts sampled on Mary's

Peak. These recently cutover areas exhibit the highest abundance and

diversity of nests and species of all regions surveyed for ants. This

may be due to the lack of overstory shading by trees and shrubs. The

soil surface of natural and manmade clearings in temperate forests
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experiences higher daytime temperatures than forest floors shaded by

tree canopies. Brian and Brian (1951) found that shade from grass

just two inches tall can produce soil surface temperatures 10°C lower

than that under flat stones. The reduction of soil temperatures by

vegetation may limit sites suitable for ant brood production and may

thereby lead to high nest densities in cleared areas. Shaded condi-

tions more than doubled the development time of Myrmica rubra pupae

and lead to a return to dormancy and higher mortality of this same

species' final-instar larvae (Brian and Brian 1951). This also ap-

parently explains the density of ant species and nests in regions with

short-cropped (i.e. heavily grazed) grasses and no shrubs in Wales

(Doncaster, 1981).

The effect of solar radiation on the spatial distribution of

ants has also been examined by experimentally shading ant nests and by

following the successional closing of a forest glade. Aphaenogaster

rudis is more apt to relocate its nests when artificially shaded

(Smallwood 1982). The abundance, size, and fecundity of Myrmica

scabrinodis and Myrmica rubra nests were reduced drastically,

Leptothorax acervorum was completely eliminated, and the sole Formica

fusca colony was rendered infertile after four years of forest

encroachment upon a Scottish glade (Brian and Brian 1951).

The importance of solar radiation to the thermal economy of ant

nests may be further exemplified by the abundance and distribution of

ant nests in stumps. In this study and Scotland (Brian and Brian

1951; Brian 1952) stumps contain a greater diversity and abundance of

ants than logs in the same habitats. Furthermore, the south sides of

stumps seem to be the preferred nest site of these wood - nesting ants.
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Upright structures such as stumps may intercept more low angle inci-

dent solar radiation at these sites. Similarly, Petal (1978, after

Dlussky 1967) notes that ants manage solar radiation by building high

mounds with large bases and steep slopes in habitats lacking suffi-

cient solar radiation (e.g. high latitude habitats with irregular

topographies and overstory vegetation), whereas ants in high solar

radiation areas (e.g. The Great Basin) construct smaller low mounds.

However, it remains to be tested whether or not ant colonies that nest

on the south sides of stumps in open habitats have an advantage over

their conspecifics that nest elsewhere.

SPATIAL DISTRIBUTION OF COMMON SPECIES

Camponotus modoc

Camponotus modoc was the most abundant species found at the

Mary's Peak site and the sixth most common species in the McDonald

Forest site. The difference in abundance of C. modoc may be ascribed

to the greater number of clearcuts sampled at Mary's Peak. Further-

more, many more incipient colonies (newly initiated) were found at the

Mary's Peak site. C. modoc nests on open sites (clearcuts), primarily

on the south side of stumps. Nests in logs and stumps were most

frequently found in dry wood. The moisture content of this species'

nestwood was statistically indistinguishable from clearcut debris not

associated with ant nests. Nests were found in wood of all decay

stages beyond decay class 2 and most nests occurred in stages 2 - 4.

Gregg (1963) found C. modoc in logs and stumps of all except the final

decay stages in the Douglas-fir forests of Colorado.
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Camponotus vicinus

Camponotus vicinus was the third most numerous species in the

McDonald Forest site and the fifth most abundant species from the

Mary's Peak site. Although C. vicinus was more frequent on sites with

low canopy cover, there were no significant differences between its

mean nest densities for clearcut and forest woody debris. The abun-

dance of C. vicinus nests was negatively correlated with tree canopy

cover and it was one of the few species that nested in partial shade.

More nests were found in stumps than logs. However, the nests of this

species were not concentrated on any particular side of stumps or in a

single woody debris zone (i.e. bark, cambial zone, or wood). C.

vicinus inhabited debris in the last three decay stages (3, 4, & 5)

and mature colonies were often found in well-rotted wood.

In the southern part of its range,C. vicinus nests almost

exclusively in soil and is never found in wood above ground (Krombein

et al. 1979). In marked contrast, nearly all nests occur in exposed

logs and stumps in the Oregon sites. Occasionally C. vicinus nests in

buried wood or its galleries extend underground from exposed wood.

However, no nests occur in soil or under rocks. Unlike the other

Camponotus species nmodoc and C. laevigatus), Camponotus vicinus is

a member of a more southerly distributed subgenus, Tanaemyrmex

(Krombein et al. 1979). In Colorado, C. vicinus nests in open and

wooded areas, but almost without exception is never found in dense

forests (Gregg 1963).

Camponotus laevigatus

With the exception of one nest, Camponotus laevigatus was found

exclusively at the Mary's Peak site. The abundances of C. vicinus and



88

C. laevigatus were nearly identical for this site, however, C.

laevigatus was never collected in forested areas. Furthermore,

greater densities of C. laevigatus nests were found in stumps than

logs. The moisture content of this species' nestwood was

statistically indistinguishable from the moisture content of forest

debris and greater than that of clearcut debris. Nests were most

frequently found in the wood of logs and stumps in decay classes 2 -

3. Gregg (1963) reported C. laevigatus nests from Douglas-fir forests

and pine logs in the second to third stages of decomposition.

Lasius pallitarsis

Lasius pallitarsis was the second most frequently encountered

species for the combined study areas. It was the most abundant

species in the McDonald Forest site and the third most common species

at the Mary's Peak site. Significantly more L. pallitarsis nests were

found in forests than clearcuts. In addition, the mean density of

pallitarsis nests was greater in stumps than in logs and most of its

nests occurred on the south sides of stumps. Like Camponotus

laevigatus, the mean moisture content of this species' nestwood was

also statistically indistinguishable from the moisture content of

forest debris and significantly greater than that of clearcut debris.

More nests of L pallitarsis were collected from wood than any other

woody debris tissue. Although L. pallitarsis nests were found in

debris of all decomposition stages beyond decay class 2, mature nests

were most frequent in debris of decay classes 3 - 4. Gregg (1963)

found L pallitarsis nests in Douglas-fir forests and decaying logs of

stages 2 - 4.
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Leptothorax nevadensis

Leptothorax nevadensis was the third most frequent species

found in the both study sites combined. It was the second most abun-

dant species in the McDonald Forest site and very infrequent in the

Mary's Peak site. Like Iasius pallitarsis, significantly greater nest

densities of L nevadensis were recorded for woody debris in forests

and the mean density of L. nevadensis nests was higher in stumps than

in logs. However, nests of L nevadensis were distributed randomly in

stumps not concentrated on the stumps' south side. Nests of this

species occurred in preformed cavities (e.g. abandoned bark beetle

galleries) in the bark of logs and stumps in all stages of decay;

occasionally nests were found in wood, but only in well-decomposed

(stage 4 or 5) wood. In marked contrast, Krombein et al. (1979)

reported that L. nevadensis usually nests under stones.

Tapinoma sessile

Tapinoma sessile was the fourth most frequent species found in

the McDonald Forest site and the second most common species in the

Mary's Peak site. More nests of T. sessile were found on clearcuts

than forests. Significantly greater densities of T. sessile nests

were recorded for stumps than logs. Furthermore, the nests of T.

sessile were concentrated on the south sides of stumps and the mean

moisture content of its nestwood did not differ significantly from

that of clearcut or forest debris. Like Ieptothorax nevadensis, nests

of T. sessile were most frequently encountered in the bark of woody

debris in all stages of decay. However, T. sessile occurred only in

bark crevices not preformed cavities.

Tapinoma sessile is a nearly ubiquitous ant that nests in an
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amazing array of habitats (e.g. plant cavities, insect galls, refuse

piles, and bird and mammal nests) throughout the United States and

southern Canada (Krombein et al. 1979, Letendre et al. 1971). Also

known as the odorous house ant, T. sessile, is an important

household pest. In the Douglas-fir forests of Colorado, T. sessile

inhabits decaying logs in all stages of decomposition beyond decay

stage 2 (2 - 6; Gregg 1963). Only one of seven nests collected in

the Coniferous Forest Biome of the Santa Rosa Mountains was

associated with woody debris (under bark on the ground; Wheeler and

Wheeler 1973). T. sessile is also known to nest frequently in
topsoil and under litter (Letendre et al. 1971, Letendre and Pi lon

1973) .

Formica neorufibarbis

A comparable number of nests of Formica neorufibarbis was found

in the McDonald Forest and Mary's Peak study areas. Although no

significant differences were detected between the mean nest densities

of F. neorufibarbis in debris from clearcuts and forested sites, this

species was most frequently found on open sites such as stream chan-

nels. Furthermore, the abundance of its nests was negatively corre-

lated with tree canopy cover. The mean density of F. neorufibarbis

nests in logs and stumps was also found not to differ. Nests of F.

neorufibarbis occupied the bark, cambial zone, and wood of woody

debris primarily in the later stages of decomposition (3 - 5). Gregg

(1963) found F. neorufibarbis in the Douglas-fir forests of Colorado

in decaying logs of all stages of decomposition except the first and

last (i.e. 2 - 5).
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Aphaenogaster subterranea

Aphaenogaster subterranea was not encountered at the Marrs

Peak site and was the fifth most common species in the McDonald Forest

site. Like Formica neorufibarbis and Camponotus vicinus, no signif-

icant differences were detected between the mean nest densities of A.

subterranea in clearcut and forest woody debris, but this species was

also more frequently collected on open sites. In addition, the abun-

dance of A. subterranea nests was also negatively correlated with tree

canopy cover. However, unlike Formica neorufibarbis, the mean density

of A. subterranea nests was significantly greater in stumps than in

logs. This species most frequently inhabited the bark of logs and

stumps in all stages of decay. A related subspecies A. subterranea

valida, inhabits decomposing logs (decay stages 2 - 4) in Douglas-fir

forests of Colorado (Gregg 1963).

NEST DISTRIBUTION OF ALL SPECIES

For both study areas, the nests of all species combined were

concentrated on the few apparently favorable sites. At the Mary's

Peak site, fifteen ant species and 450 nests were found. More than

one- and - one-half times as many quadrats were sampled at the McDonald

Forest site, yet 125 fewer nests and one fewer species were found in

this area than in the Mary's Peak site. The bounty of ant nests in

the Marys Peak site may be attributed to the nearly two-fold increase

in clearcut quadrats sampled, the early successional nature of these

clearcuts, and the abundance of incipient (newly initiated) colonies

at the Males Peak site. Accordingly, the mean nest density of all

species combined was nearly twice as great at the Manes Peak site.

The nest abundances of 15 species were negatively correlated with tree
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canopy cover. Significantly more nests of Camponotus modoc and

Tapinama sessile were found in woody debris on clearcuts than in

forest debris. Lasius pallitarsis and Leptothorax nevadensis were

more frequently encountered in forests and forest debris than in

clearcuts and clearout debris. Nest densities of all ants (combined)

are more than three times greater in stumps than logs. Furthermore,

the nests of all species (combined) are concentrated on the south

sides of stumps. Overall, ant nests were found in the bark, cambial

zone (between bark and wood), and wood of logs, stumps, and snags in

all stages of decomposition.

ANT SUCCESSION

From the information gathered on the micro and macrohabitats

of wood-nesting ants a tentative ant successional scheme for woody

debris in the coast range of Oregon can be constructed. Ants (most

likely in the form of newly mated queens) invade forest openings

(gaps) produced by blowdowns or overstory removal (clearcutting) or

similar events that permit sunlight to impinge on a patch of the

forest floor throughout the day. Colonies are established in the bark

and between the bark and wood of logs and stumps soon after such

disturbances (6 months to 1 year). The first and probably most ag-

gressive colonists occupy sites that receive the most solar radiation

(e.g. the south sides of stumps). Species and nest recruitment con-

tinue for the first 2 to 3 years during which competition for

resources is acute. As in the case of Lasius niger and L. flavus,

many new colonies maybe eliminated by established conspecific

colonies that locate and destroy founding queens and incipient

colonies within their growing territories (Pontin 1961). Colonies
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flourish and produce sexuals for the next 5 to 7 years and then

decline as Douglas-fir seedlings and saplings shadow the nest sites

and the nest substrates decline. Those eurythezmic Species (e.g.

Lasius pallitarsis and Leptothorax nevadensis) able to exist in this

cooler environment invade the decaying wood and bark and increase in

abundance as the stenothermic species (e.g. Camponotus modoc and

Aphaenogaster subterranea) decline. The cycle repeats itself when

another gap opens.
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APPENDIX A:

Number of Queens in Incipient Colonies
of Three Carpenter Ant Species

Ant colonies may have one or many queens. Queen number may

affect colony success and maybe important to the interpretation of

the evolution of colony organization. Colonies with multiple queens

may be better able to defend and successfully rear large broods than

monogynic colonies. Furthermore, cooperative brood production and

care may aid in the rapid exploitation of habitats and resources

through concomitant increases in workers.

The number of ant queens in the nests of three carpenter ant

species was recorded at a site in the central Coast Range of Oregon

(Mary's Peak, see Chapter I for site description). The bark and wood

of logs and stumps were thoroughly dissected to locate queens. Only

those nests in which all queens could be counted were used in this

analysis.

Overall, 547 queens were found in 247 nests. Due to the

preponderance of Camponotus modoc nests, an order of magnitude more

nests of this species were sampled: 512 queens were observed in 204

C. modoc nests (Fig. /61). The corresponding mean number of C. modoc

queens per nest is significantly greater (P<.05) than that of C.

vicinus and C. laevigatus. Furthermore, these data indicate that C.

modoc tends to have more than two queens in incipient colonies,

whereas, C. vicinus and C. laevigatus queens apparently establish

colonies by themselves. Holldobler (1944) reports that colonies of C.

herculeanus, a close relative of C. modoc, have one queen (monogynic)

and are established by solitary queens.
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The workers of C. herculeanus regulate the number of queens

(Holldobler 1944). Holldobler (1944) asserts that although some

Camponotus species ( e.g. C. herculeanus and C. lignaperda) may be

oligogynic during the colony establishment phase, they become

monogynic soon after workers are produced. This may well be the case

with C. modoc because mature colonies did not seem to have as many

queens as incipient nests.
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Appendix B:

Ant Nests in the Bark of Living Tree Boles

With the exceptions of carpenter and arboreal ant species, ants

have not been reported nesting in living trees. Arboreal ants of the

genus Oecophylla often construct nests of foliage in tree canopies

(Wheeler 1910). The carpenter ants, Camponotus herculeanus, C.

noveboracensis, and C. pennsylvanicus, also nest in the wood of living

balsam fir and eastern white cedar in New Brunswick (Sanders 1964).

The outer bark on the living boles of 116 trees was removed 30

cm above ground level and searched for ant nests. Forty-four nests of

seven ant species were found in the outer bark of living Douglas- and

grand fir trees in the central Coast Range of Oregon (McDonald Forest

and Mary's Peak, see Chapter I for site descriptions).

The mean nest density of all ants was nearly three times

greater in trees at the McDonald Forest site as that of the Mary's

Peak site. Lasius pallitarsis and Leptothorax nevadensis were the

most common species encountered at the McDonald Forest site. Four ant

species that nest in tree bark (Leptothorax nevadensis, Tapinoma

sessile, Aphaencgaster subterranea, and Stenarnma diecki) are also most

commonly found in the bark of woody debris. Although Lasius

pallitarsis and Camponotus vicinus more frequently nest in wood, they

also are common in bark. The wood-nesting species Camponotus

noveboracensis was also found in tree bark, but no evidence of wood

mining as Sanders (1964) reported was found.
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Table B.1. Frequency of occurrence and mean nest density (in
parentheses) of ants found in live trees of both
study areas.

NUMBER OF NESTS NUMBER OF NESTS
NARY'S PEAK
(N = 30)

MCDONALD FOREST
(N = 116)

SPECIES

Iasius pallitarsis 1 (0.033) 16 (0.138)

Leptothorax nevadensis 1 (0.033) 13 (0.112)

Camponotus vicinus 1 (0.033) 3 (0.026)

Tapinama sessile 4 (0.035)___

Aphaenogaster subterranea ___ 2 (0.017)
Camponotus noveboracensis 1 (0.009)___

Stenamma diecki 1 (0.033) 1 (0.009)

ALL ANTS 4 (0.133) 40 (0.345)

TOTAL # NESTS = 44
MEAN TOTAL ANT NESTS/TREE = 0.301


