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ABSTRACT

Two species of thatching ants Formica obscurlpes and F\ oreas
comptuia) are common to the ecotone and woodland habitats of the
Forest River Biology Station near Inkster, Grand Forks County, North
Dakota. The general ecology for each species was determined with
emphasis on mound morphogenesis, colony-founding and population
characteristics. For each species the following samples and data
were collected: random samples of each population, thatch sample,
external and internal mound measurements, and field maps of distri-
bution patterns.

The morphogenesis of F. obscurlpes mounds was found to follow a
predictable pattern with three well defined but transitional nest
forms: (1) Stage 1, characterized by a thatched dome without exca-
vation, (2) Stage IT, characterized by a raised, thatched dome,
earthen embankment and an excavated pocket containing thatch, and
(@ Stage 111, characterized by a depressed dome of deteriorating
thatch, producing a crater-like effect.

Random samples of workers taken from selected mounds iIn various
stages of growth indicated that the ratio of minors to majors in-
creased with growth and aging of colonies. Minors made up a larger

percentage of the sample taken from Stage 11l mounds as compared to

Stages 1 and 11,

Annual measurements of mounds over a seven-year period showed

that the growth of mounds and population followed a predictable growth



curve. Stage I mounds were typically geometric In their rate of
growth whereas Stage 1l mounds had an arithmetic growth rate. Stage
111 mounds showed a negative growth rate.

The distribution patterns of colonies were found to be isolated
and random (prairie and woodland habitats), uniform (prairie habitat),
and clumped (woodland habitat).

The means by which new colonies were established varied with the
habitat. Indirect evidence indicates that isolated prairie and wood-
land colonies are probably founded by solitary queens following the
marriage flight, while mounds within clusters were founded by the
process of colony division. A relatively rare process, colony trans-
location, resulted in the abandonment of one nest in favor of another
of recent origin.

Individual F. oreas comotula nests were, for the most part, asym-
metrical in shape with little change in morphology (except size) be-
tween Stage | and Stage Il nests. No relationship was noted between
major/minor ratios and nest size. The sequence of events leading to
colony senescence as observed in F. obscuripes was net found to apply
to this species.

Clusters of F. oreas comptula nests, usually associated with dense
stands of Kentucky blue grass, were not found to be composed of dis-
crete colonies but were parts of a complex of interconnected nests.
The movement of tagged workers and the transfer of brood between
nests indicated that such clusters were polydomous. Isolated and
randomly dispersed colonies were rare.

The establishment of new colonies was through the process of colony

budding. Spatial separation occasionally resulted iIn the establishment

of secondary polydomous clusters.

X1



INTRODUCTION

Two species of thatching ants (Formica obscuripes Forel and F. oreas
comptula Wheeler) are common to the ecotone and woodland habitats of the
Unxversity of North Dakota Forest River Biology Station near Inkster,
Grand Forks County, North Dakota. While the typical nest structure of
both species is well known, the manner of mound construction and colony
founding is not.

One of the earliest accounts of the nesting habit of F. obscuripes
was made by McCook (1884). Although not referred to by specific name,
he undoubtedly was describing the above species, which has since become
known as the 'thatching ant”. A detailed account of the nesting behavior
of F. obscurines was reported by Weber (1935); additional notes on the
biology of this species were given by Cole (1932). King and Sallee
(1953, 1956) determined the half-life of F. obscuripes colonies. Wheeler
(1910) and Creighton (1950) discussed the possibility of temporary social
parasitism as a means of establishing new colonies, whereas King and
Sallee (1953) noted that F. obscuripes may at times form new colonies by
the process of budding.

The stage through which a nest may pass and the relationship of the
population to this stage is not known, although tentative conclusions

concerning the growth of colonies of social insects were proposed by

Bodenheimer (1937).

A search of the literature lias revealed little information concerning

the ecology of F. oreas comptula. References to nest structure and the
1



nature of the material used in 1ts construction were made by Cole (1932)
and Wheeler and Wheeler (1963). No evidence has been cited concerning
the founding of new colonies nor iIs the sequence of nest or mound con-
struction known. No data are available as to the nature of distribution

patterns or population characteristics.

The fTollowing study is an attempt to gain some insight into the
nature of mound morphogenesis, mode of colony founding, and population

characteristics fTer each species.

Field investigation was carried cut during the summers of 1964

through 1970 with the majority of the field work conducted at the Forest

River Biology Station.



MATERIALS AND METHODS

Following selection of sites and mounds, numbers were assigned and
stakes placed to insure the accuracy of future reference. The date,
specific locality, general habitat, measurements of mounds, and type of
sample were entered on each card.

Bulb aspirator and tweezers were used in collecting workers. An
effort was made to insure that majors, medias, and minors were included,
but no attempt was made initially to obtain a random selection. However,
samples collected for determination of population characteristics were
random and obtained from each mound in the following way: mounds were
selected on the basis of size from the smallest to the largest. All
collections were made within a %-hour period in order to lessen the
possibility of changes in the surface activities of the workers between
the times of the first and last collections. Sampling consisted of re-
moving a portion of thatch, measureing 15 cm in diameter by 2.5 cm in
depth, from the surface of the mound. This material and the ants con-
tained therein were placed iIn a field bag and an anesthetic applied.

Selected mounds were also dissected in detail iIn order to determine
the number of queens present. Since queens may move into soil chambers
when disturbed, two methods were used to insure as little movement as
possible. Mounds less than 12 cm in thatch diameter were quickly anes-
thetized by saturating the surface with chloroform and covering with a
plastic sheet for a period of 15 minutes. When all activity appeared to

have ceased. the thatch material was removed with a trowel or by hand and

3



spread on a tarpaulin for careful examination. Small mounds were ex-
amined i1n about 1 hour whereas the largest took 5 hours.

Larger mounds proved to be too deep and massive for the quick
penetration of chloroform. Rapid anesthetizing was carried out b
utilizing a 1.5 cm by 90 cm copper tube near one end of which were
placed ten 3 mm holes. The end of the tube was sealed by flattening
to a point and then inserted into the mound to a depth marked by the
contact between thatch and soil (Figure 1). The tube was left in place
several days. Chloroform was then poured through the exposed opening
and a plastic sheet placed over the mound. Dissection of the mound
proceeded as before.

Mounds 1In various stages of development were dissectedefor the
purposes of measurement, sampling of thatch, photographing the exposed
lateral nvr-fhcc. and the determination of interior morphology. When
permitted by local conditions, mounds were dissected along an east-
west plane providing a southern vertical exposure of thatch, soil em-
bankment, brood chamber (if.present), and soil chambers. With the ex-
ception of small nests, no attempt was made to follow soil chambers to
their limits.

Determination of the frequency and distance traveled by workers,
mounds visited, and common trails used by adjacent colonies was ob-
tained by using enamel paint as a marker. [Initially, several hundred
workers were removed from a colony and a spot of white paint placed on
the thorax of each. This method proved to be too tedious and time con-
suming and the number marked was much too small a portion of the total
colony population.

The second method and the more successful of Lite two .was affected

by spraying the surface of the mound on which the workers were moving
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10 cm

Fig. 1.--Cross section of large F. obscuripes mound showing
position of copper tube used in the rapid anesthetization of colony:

(@ thatch, () brood chamber, (c) copper tube.



with Testor compressed air spray paint. The container was held approx-
imately 60 cm away from the surface so that only small specks of pai.nt
would adhere to the workers. With this technique, several hundred to
about a thousand workers were marked in a few seconds. No apparent ad-
verse effects weie observed. A fTew workers were noted to be specked
with paint as long as a month later.

Some habitats, especially those that are composed of dense stands
of smooth brome grass (Bromus inertiis) or thick grass mats, made the
following of marked workers difficult. In such iInstances dyes taken in-
ternally by workers provided excellent results. The dye (gentian violet)
was blended with equal parts of peanut butter and honey. A 50-cc vial
of this mixture was embedded in the surface of the mound. On successive
days samples ere taken from adjacent mounds and the workers were
squashed between three Dy five cards. Those worleers which had Deen
feeding on the dye produced a violet stain which was easily detected.

Identification of plants common to the study areas was made eilther
in the field or from pressed specimens. The nomenclature followed is
that of Stevens ((1963). For plants common to specific localities within

the study areas additional reference was made to check lists compiled by

Facey (1960).



STUDY AREA

Geography

Location

The area of study is located within and adjacent to the University
of North Dakota Forest RivermBiology Station near Inkster, Grand Forks
County, North Dakota. Specific locations include sections 10, 11, and
14 of T154N/R55W (Figure 2). A fev? references are made to collections
from other parts of the state. These areas are: the University of
North Dakota Oakville Prairie Field Station in Grand Forks County (Sec.
16, T15IN/R52W"1 : The North Unit of Theodore Roosevelt National Memorial

Park in McKenzie County, in Sec, 11, T132N/R101W, 1in Slope County.

Climate

Weather data for the Forest River Biology Station near Inkster,

North Dakota arc lacking. However, information gathered at the Grand
Forks weather station (Stommel, 1967), about forty miles to the south-
east, 1is representative of the entire county.

According to Stommel (1967), the temperature range, from summer to
winter, 1is large. The mean temperature for the winter months of December,
January arid February is 7.9° F. Minimum temperatures drop to zero or
below on an average of 60 days each year. The average temperature for the
summer months, June, July and August, is 66.7 1. High temperatures
(about 90° F) occur only occasionally. The average annual precipitation

at Grand Forks 1i1s 20.02 inches, of which more than three-fourths falls

v



Fig. 2.— Map of the University of North Dakota Forest River Biology Station and vicinity.
A, B, and C indicate location of F. obscuripes cluster; F. oreas comptula cluster is indicated by

a dot. Boundaries of biology station are shown by cashed lines.
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during the growing season, which extends from mid-May to later
September. About 35 inches of snowfall can be expected in an average
year. <Snow has occurred in all months except July and August. The
maximum fall occurs in the five-month period, November through March,
with each month averaging about six inches. The humidity is rela-
tively low throughout the year. During the summer high humidity

seldom occurs with high temperatures.

Geology

Physiography

Study areas 1 and 2 lie within the Western Young Drift Section
and the Agassiz Lake Plain District. This district in eastern North
Dakota i1s a flat area which slopes toward the Red River (Fenneman,
39.31).

The westernmost boundary of the district in Grand Forks County 1is
along the west edge of an outwash plain. The lake plain slopes from
an elevation of 353 meters "above sea level in western Grand Forks
County to about 276 meters in the northeastern part.

The western edge of the county is characterized by end moraines,

outwash and beach ridges (Hansen and Kurae, 1970).

Surface Geology

Geologic and land form maps of Grand Forks County indicate the
presence of three main deposits within the study area and immediate

vicinity (Hansen and Kume, 1970):

Alluvium - This is formed of floodplain deposits mostly of dark

gray clay and silt along the Forest River.

Shore Deposits - These are composed of clay and silt beach deposits
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which make up ridges one to three meters in height.

Soils - The soils are of two types: soils of streams and valleys
comprised of loam and silty clay, and the clay soils of the

glacial lake plain comprised of silty clay, loams, and silt loams.

The Forest River Biology Station and areas adjacent to it may be
characterized by the presence of numerous ravines which have dissected
the upland bordering the valley of the Forest River. The average drop
in elevation from the rim of the valley to the valley floor below is
about 30 meters. The slopes leading down to the floodplain of the Forest
River are quite variable with some slopes having a more or less gentle
incline and others ranging from steep to cliff-like.

The valley floor is in part a floodplain formed by the meandering
of the Forest River. Above the floodplain are bench-like terraces
carved into the valley wall. Locally the stream has altered i1ts course,
leaving elongate depressions which in early spring or after heavy rains
may contain water.

According to Patterson et al. (1968), three soil types are predom-
inant within the area: the Hecla-Ulen, which is mainly a water-laid
loamy fine sand reworked by wind and located in the upland North of the
Forest River; the Fairdale, which is a medium-textured sediment deposited
during periods of stream flooding and occupying most of the floodplain of
the Forest River; and the Renshaw, which is a water-laid sandy loam de-
posited on a surface of sand and gravel. This type is found on the up-

land south of. the. Forest River.



Ecology

The prairie, extensively invaded by low shrubs, 1is confined to the
north and south boundaries of the Forest River Biology Station. Small
tapering extensions of the prairie may be found along the divides with
occasional openings within the woodland. This native prairie is, in =
many places, extensively invaded by wolfberry (Symphoricarpus occidentalis)
and by Kentucky blue grass (Poa pratensis). Distrubed areas adjacent to
cultivated farmland have dense stands of smooth brome grass (Bromus
inermis) . An ecotone, comprised of herbs, grasses and small shrubs, _ie\,
wolfberry and juneberry (Amelanchier alnifolia), forms a transitional
zone 2 to 4 meters wide between the prairie and forest.

A deciduous hardwood forest occiapies much of the valley slopes and
floor. Cn the dry south-facing slopes are found bur oak (Quercus
macrocarpa) and American elm. (Ulmus americana) : the moist north-facing
slope may contain stands of aspen (Populus tremuloides), basswood (Tilia
americana), and a few scattered paper birch (Betula papyrifera). On the
floodplain basswood, boxelder (Acer negundo) and American elm are the
common trees.

Study Area 1. This area, from which most samples and data of F.
obscuripes were taken, 1is a more or less open woodland situated on the
floodplain and terrace of the Forest River. It is located iIn pasture
land adjacent to the Forest River Biology Station. Unlike most surround-
ing areas, shading is not heavy with sunlight reaching most of the forest

floor during part of the day.
Trees characteristic of the area are bur oak, American elm, basswood,
box older, and green ash (i-raxinus pennsyivanica var. sublr.tegcrrima) .

Wolfberr the common shrub whereas a few hawthorn (Crataegus chrysocarna)



and wild grape (Vi.tis vulpina) are also present within the immediate
sampling area.

Only a few grasses and forbs are found with abundance. Kentucky
blue grass iIs the dominant ground cover, occurring iIn dense stands In
the more open areas. Prairie junegrass (Koeleria cristata), although
present, 1is only sporadic in occurrence. The common herbs are the blue
violet (Viola rugulosa), common milkweed (Asclepias svriaca), leafy
spurge (Euphorbia esula), and wood stickseed (Hackelia americana).

The ground cover changes considerably during the growing season due
to range management. Usually during spring and early summer the area
is free of grazing and the grasses and some forbs become quite tall
and dense. In late July or August grazing may become quite heavy with
a resultant decrease in the amount of ground cover.

Study Are-"" 2. TMs area is comprised of native prairies bordering
the south edge of the valley of the Forest River and the narrow ecctones
extending into the woodland. The majority of samples and data relat-
ing to F. oreas comptula were taken from this habitat.

Typically, each prairie extension is bordered by bur oak, green ash
and occasionally box elder. The ecotone between forest and prairie is
composed of the shrubs junebcrry, wolfberry, and poison ivy (Rhus
radicans) . Grasses common to the prairie extension are Kentucky blue
grass, little blue stem (Andropogon scommlus), porcupine grass (Stipa
spartea) and feather bunchgrass (S. viridula).

Plant species diversity is not great. Those herbs which occur
with any frequency are goldenrod (Solidago supp.), bluebell (Campanula
rotund!folia), wild vetch (Vlea amcricana), early meadowrue (Thailictrtun

venule-sum) , northern bedstraw (Calium borealc), white sage (Artemesin
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ludoyiciana), golden aster (Chrysosis villosa), prairie violet (Viola
fcdatifida), silver leaf (Foralea argophylla). Indian breadroot (P-

c”cuenta) and spreading dogbane (Apocynum androsaemilfolium?).



DESCRIPTION OF WORKERS

Identification of F. obscuripes and F. ore.as cemptula workers poses
no special problem in collections taken from eastern North Dakota. Key-
characters used by Creighton (1950) and descriptions by Wheeler and
Wheeler (1963) are adequate for separating these species from other mem-
bers of the rufa group.

The following are key characters of the Subgenus Formica and the
rufa group according to Creighton (1950): *"Major workers with the an-
tennal scape not longer than the distance from the middle of the clypeal
border to the middle of the occipital border or, if longer, the epinotum
is distinctly angular and not excessively rounded above;"™ "large workers
with the. occipital border at most very slightly concave, usually flat
or slightly convex; pronotum in profile evenly convex, not angular;"
"bicolored species, the head and thorax ferrugineous or yellowish red
and notably lighter than the gaster or, if infuscated, the infuscation
does not completely mask the ferrugineous ground color in the larger
workers; frontal area usually shining, frontal lobes strongly divergent

behind."1

Major Workers

Formica obscuripes Forel

Head dark brown, dorsally and strong brown ventrally, thorax dark
reddish brown, gaster black; scapes usually without erect hairs, but if

erect hairs are present then body hairs arc not uniform in length

14
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(Wheeler and Wheeler 1963); median lobe of the clypeus descending to the

clypeal fossae through an even curve.

Formica oreas comptula Wheeler

Head clear yellowish red or mostly infuscated with dark reddish
brown, thorax: dark reddish brown to yellowish red, gaster with each
segment very dusky red anteriorly and black posteriorly; scapes with
delicate erect or suberect hairs on all surfaces; body hairs of uniform
length (Wheeler and Wheeler 1963); median lobe of the clypeus descending

to the clypeal fossae through steep-sided faces.



MOUND MORPHOGENESIS AND COLONY FOUNDING

While reference 1is made to the typical mound or nest construction
of both F. obscuripes and F. oreas comptula, the stages of construction
through which they progress are not well defined. In this section of
the paper 1 will attempt to describe each phase in order that variations
which exist can be recognized in the field. Descriptions will include
general morphology of incipient, mature and old stages, material used
as thatch or detritus, and population characteristics.

Colony reproduction will include the study of the establishment
of new colonies in virgin territory and the process by which the number

of colonies 1is increased and the relationship between colonies within

a given area.

Formica obscuripes Forel

Mound Morphogenesis

Mounds vary considerably in size and external morphology, the end
result being an adaptation of the mound to suit a particular habitat.

The typical mound as determined by this study measures approximately
50 cm in total diameter. At the center of the mound 1is a raised
thatched dome of twigs and culms surrounded by a ring of soil excavated
from below ground level (Figure 3). This thatched portion of the mound
averages approximately 38 cm in diameter and 25 an. in height. The ex-
tent to which "the thatch material extends below ground level is highly

variable; generally, for every centimeter of thatch above ground level,
16



, i, . _ . Obscuripes mound. The
Fig. 3.— Sectional view of typical P urep .

} dome, (b) soil embankment,
basic features as shown are: (@ thatched
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there 1s 1 cm of thatch below.

Situated within the thatch is a more or less hollowed out area com-
posed of large twigs and culms referred to as the brood chamber. In
most instances it is located just above the soil at the point of deepest
penetration of thatch (Figure 3). “According to VJeber -(1935) in the late
fall this feature 1is lacking, the spaces having been filled in with
small pieces of organic debris.

Mounds of similar size but having a typical form brought about by
local environmental conditions are shown iIn Figures 4 and 5. The ex-
tent to which the thatch portion of the mound is raised above ground
level 1is often related to the amount of vegetative growth occurring
around the periphery of the mound. The reworked and porous soil of the
embankment often provides a habitat more suitable for plant growth than
tH.-Ff of the surrounding environment. The resultant vegetative growth may
cause the nest to become uninhabitable. This detrimental factoi® is com-
pensated for by an upward extension of the thatch (Figure 4).

Corresponding changes may also take place with respect to internal
nest morphology. In a few mounds little if any of the thatch material
is below ground level and the brood chamber may be in the lower half
rather chan at the apex of the thatch (Plate 1).

Examples®™ to the other extreme were observed in well drained over-
grazed pasture land, “with little or no shading from vegetation the
nest is almost entirely below ground level wit}) the total height little
more than that of the soil embankment. In such mounds the brood chamber

almost a. at the point of deepest penetration of thatch (Figure

5).
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PLATE 1

SURFACE AND SECTIONAL VIEWS OF FORMICA OBSCURTP1-.S MOUND SHOWING

ENCROACHMENT OF VEGETATION AND EACH OF EXCAVATION.

1 Surface view showing encroachment of vegetation on the

soil embanlcment and periphery of thatch surface.
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Fig. 4._.--Sectional view of F. obscuripes round typical of
habitats having poor drainage and encroachment of vegetation upon the

soil embanionent.

Fig. 5.--Sectional view of F. obscuripes mound typical of
habitats with little ground cover and good drainage, Thatch surface

usually only a few. centimeters above ground IlIcvej .
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Materials Used In Nest Construetlon

The organic remains of herbs, shrubs and trees used iIn mound con-
struction represent most of the species found in the immediate vi-
cinity of the nest. While most mounds are constructed of either twigs
or grass culms, depending on availability, other material is used as
well. For example, a seasonal phenomenon is the deposition of dried
seeds and fruiting bodies on the surface of the mound. The attraction
of the worker to these new additions to the environment is so great
that other materials, at least for a time, arc almost completely cover-
ed by basswood fruits or the winged fruits of the green ash.

Generally, species diversity of nest material increases with the
size of the mound. At least eleven mounds measuring no more than 11
to 16 cm iIn diameter were found to be constructed of twigs essentially

cm one spseftrs of plonti tiho olth- Kentucky gc wooO

the common ground cover but was used only sparingly as thatch. Follow-
ing the initial dome construction the number of plant species used in-
creases. Mounds larger than 50 cm are comparatively diverse in the
number of plant species used, usually limited only by the species di-
versity of the iImmediate environment and by the size and weight of the
material. Exceptions to this were found in nests located iIn the North
Unit of the Theodore Roosevelt National Memorial Park iIn western North
Dakota. Two mounds were constructed entirely of twigs of the badlands
cedar (Junipcrus scorulorum), although grasses and herbs were abundant
in the nest area. Apparently the cedar twigs were attractive building

material even though these had to be transported about 15 meters to

the nest site.

The selection of material by each worker may be one of imitation.
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That is, the selection made by the first worker may be repeated by
others that follow. This may explain why fragments of few plant
species are used in the early stages of mound construction and why
some materials seem to be excluded as a building material in one nest
and extensively used in another. It seems probable that odor may play
an important role. Materials, such as cedar twigs, basswood fruits,
and some seeds may be highly attractive iIn this respect. Sight is like-
ly also important in the selection of material. Marilcovsky (1965) in
his study of the red ant, Formica rufa L., indicated that workers dis-
play a high degree of interest in new additives to the environment,
particularly If these additives are different, i, e., shining or glit-
tering. He also demonstrated that the attention of old ants to new
material was more intensive than that showm, by the younger ones.

The size of material used varies considerably. Grass culms, which
are relatively light, may exceed 10 cm in length, while material which
is denser such as twigs of oak and elm may be no longer than 7 or 8 cm.
Pieces of organic material less than 1 cm in length are included iIn the
thatch as well as particles of sand and soil pellets less than 2 mm in
diameter.

Samples of thatch taken from the mound surface, the mound 10 cm
below the surface, and the brov chamber of 20 nests were classified
according to the following arbitral™ categories: thatch less than 15
mm in length; 15 to 30 mm in length; and greater than 30 mm. The mean
length of thatch iIn the 30 mm and larger categories was found to be
36.7 ram as compared to a mean of 22.1 mm for thatch between 15 and 30
in length. The mean was not determined for thatch less than 15 mm.

The percent of sample by weight of each of the three categories 1is
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shown iIn Figure 6. On t4e average the percentage of material less than

15 ran in length was found to be more than the combination of the other
two categories. This relationship between large and small material was
not expected. The general appearance of the thatch surface and the dis-
sected mound suggests that the bulk of the thatch would be made up of
culms and twigs in excess of 30 mm in length.

Twelve additional samples of surf ice thatch were collected from
nests ad. on the basis of total mound diameter, four mounds iIn each of
three categories were included: 0-25 cm; 25 - 50 cm; and 50 - 75 om.
Each sample was then separated into two categories: culms larger than
15 mm in length, and those smaller than 15 mm in length. The results
of these measurements are expressed as a percent, of the total sample
as to both volume and weight in Table 1. The volume was determined
by placing the thatch iInto a graduated beaker and gently shaking until
no further settling of the material occurred. The tabled data was then
analyzed statistically using the chi-square method iIn order to determine
whether any significant differences are to be found iIn the type of
thatch used when comparing small and large mounds. Field examination
of nests seemed to indicate that small mounds have little material
that cannot be classified as thatch and also that twigs and culms seem
larger and more extensively used than in larger mounds. As the data
have shown, there iIs no significant difference between the three size
categories. Even more surprising was the fact that the material, both
with respect to percent of weight and volume, was so nearly uniform.

I suggest that the erroneous conclusions reached by a cursory fTield
analysis were due to two conditions. First of all, the apparent shift

in size between small and large mounds may have been illusory, twigs
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TABLE 1

PERCENTAGE OF VOLUME AND WEIGHT OF CULMS AND DETRITUS

AS RELATED TO SIZE OF F. OBSCURIPES MOUND

Mound Size Mound Size
0-25 cm 25 - 50 cm
Percentage Percentage

Culms Detritus Culms Detritus
] | g ml g Mound # ml g ml S Mound
46 21 53 78 5 63 43 37 57 9
23 27 71 73 6 40 29 60 71 10
66 30 3A#4 70 7 8 35 12 65 11
54 40 46 60 8 63 46 37 54 12
48 29 51 70 63 38 36 61

Mound Size
50 - 75 cm
Percentage

Culms Detritus
mll g m B
45 30 5 70
50 41 50 59
45 28 55 72
42 30 58 70
45 32 54 67
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and culms simply appearing small on a large thatch surface; and second
ly, on older mounds the thatch iIs compact with more of the detritus be

ing retained on or near the surface.

Skage 1. dncipiept Colonies o

Site Selection - In prior studies at other localities the most
frequently mentioned nest sites are those associated with sagebrush
in ldaho (Cole 1932) and wolfberry, Symphoricarpos occidentalis, iIn
north central North Dakota (Weber 1935). Wheeler (1910) describes
nests of woodland forms associated with stumps and logs or the roots
of plants.

The site selected either by the queen or by workers, as the case
may be, is probably a random choice dependent on local ecology. Any
vegetation, living or dead, or inorganic material which affords easy
access to shelter at or below ground level may be utilized. At the
Forest River Biology Station wolfberry or tufts of grass are the most
frequent loci about which mounds may be constructed in the prairie
habitat, while within the woodland habitat construction is usually
associated with decomposing logs, stumps or branches (Plate 11),

Excavation frequently revealed some characteristics of initial
mound construction (Plate 111). In extreme cases, small logs 10 to 15
cm in diameter and 60 to 90 cm in length were completely buried; in
others the intact root systems were found in the area of the brood

chamber or just below it. In young mounds the stems were fTrequently

found attached to the trunk.

Preparation of Site - Although evidence is circumstantial, the

control of mold and the suppression of the growth of higher forms of



PLATE 11

SURFACE VIEWS OF OBSCURIPES MOULOS

Surface of mound showing protruding stcsns of
dead and decaying wolfberry.

Mound associated with a large partiall}y dc-
composed log. Thatch banked along one side

with chambers and galleries extending iinto leg.
Mound formed around the end of a small log about

10 cm In diamete
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plants seem to be of utmost importance iIn the early stages of mound
construction and in maintaining the mound in later stages.

Cole (1932) noted that F. obscuripes workers sprayed formic acid
on the cambium of young plants which were growing up through the mound.
The dead stems and leaves were later removed and incorporated into the
existing thatch. 1 have observed this phenomenon also In mounds asso-
ciated with dense stands of smooth brome grass.. In each case, the
grasses were first killed, and when dry, the culms were cut at thatch
level. Theses pieces, 30 to 40 cm in length, were cut again and the
smaller lengths placed on the thatch surface.

Of its European equivalent, Formica rufa, Marikovsky (1965) stated
that in the process of building their nest the workers do no carry
building materials through the nest entrances except for some small
sticks which may contain resin. This is not used as building material
but rather the resin appears to be a source of disinfectent which pre-
vents molding.

Since the thatch at the deepest point of penetration, except iIn
very old mounds, 1is usually found iIn a remarkable state of preservation
one must assume the obscuripes workers also have a means of keeping
mold at a low level. Circumstantial evidence would seem to indicate
that the formic acid may be sprayed directly on the thatch and iIn this
way suppress the growth of mold. On several occasions, when it was
necessary to excavate a mound without first anesthetizing the workers,
the thatch was removed from its pocket in the soil and laid to one side
within 2 days much of the scattered thatch had been reworked into a new
mound about h the size of the old. Such mounds have a strong formic

acid odor both within the thatch and in the grass mat below It. About
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a week Inter L is mound wns found to be vacated, the colony probably
having dispersed due t the loss of I1ts queen. The thatch was removed
at this time and the grass mot exposed. The root systems as well as
stems and leaves appeared to be dead, and no further growth was observed

for a period of at least one month following abandonment of the nest.

Description - Typically, mounds in the initial growth stage are
10 to 15 cm iIn diameter with a height of 5 to 8 cm; a soil embankment
and defined brood chamber are lacking.

The thatch surface may contain several openings leadl-g to small
tunnels and chambers located within the leaf mold or soil (Plate 1V).
The amount of tunneling is slight, the majority not exceeding 30 cm iIn

length nor more than 8 cm iIn depth. Five percent of observed mounds

fall within this category.

Stage IT. Mature Colonies

Stage 11 mounds range in size from 15 to 75 cm in thatch diameter
with a total diameter of 40 to 150 cm. The height varies considerably.
The lowest measured were no more than 3 to 5 cm above ground level and
the highest slightly less than 1 meter.

The mound may be characterized by the presence of a soil embankment,
thatch which in part is below ground level, and a brood chamber (Plate
V). Approximately ninety five percent of the mounds studied fell with-
in this category.

Of particular interest is the manner of dome construction and soil
removal. Mounds established in a habitat consisting of a single dominant

plant species, such as smooth brome grass, provided a means by which

this process was Collowed.
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PLATE TV

STAGE 1 MOUND OF F. OBSCURIPES

1. Stage I mound with small thatch surface about 15
cm in diameter. Thatch composed entirely of smooth

brome grass culms.

)= 10 cm

2. Section of the same mound redrawn from field notes.
Lack of excavation is typical of mounds within this

category.



PLATE V

STAGE 11 HOUND OF F. OBSCURIPE;

Surface view of typical Stage 11 tsour.
Cross sectional viev; of this mound sh
ing soil embankment, excavated pocket

containing thatch and brood chamber.
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Soil removed from below the thatch and deposited at its periphery

is an excellent site 1or invasion by pioneer plants, such as quack grau

(Agropvron repons) . Two such mounds were dissected and samples of

thatch removed from three areas (Figure 7):" 1) the surface, 2) the

approximate
thatch per
selected
dermal c
periphe
These

pecul

co?

er of the mound above the brood chamber, and 3) at the
about 15 cm below the surface. Culms were randomly
ch sample and identification made on the basis of epi-
—-istics. As previously noted, grasses growing on the
2 mound are often killed and then cut into sections,
e easily distinguished from other material by their
and degree of preservation. Most material utilized in
selected from available debris and shows a certain
ejoration while freshly killed and cut material does not.
or material was noted In other mounds. In tuio IMuer

absence of the invading plant species could be determined

showed the presence of two species iIn samples one and
brome grass and quack grass) and one species (smooth
n sample two This pattern suggests that as the soil is
Jeneath the thatch the dome continues to grow by the addi-
-% . 1al at the surface; however, there iIs no mixing ot the
Apparently the thatch at the base of the mound is the ori-
s and is not replaced during the lifetime of the nest. The
os distributed on the surface ana along the side of the
a horizontal growth not only by compression and collapse
.lloo by new mat(—rial falling into spaces created by

£y , Chauvin (1968), iIn his study of the European



Fig. 7 .--Sectional view of F. obscuripes mound showing locations

from which samples were taken.
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red forest ant, Forini.on rufn, found that the surface thatch was con-
stantly being redistributed, possibly for the suppression of the growth
of mold. However, there was no indication that the process was repeat-
ed "with material below the immediate surface.

Shading and the direction of greatest solar intensity have been
shown bv Scherba (1958) to be significant factors in nest orientation
and construction in Formica ulkei. He concluded that alternation of
direction of greatest solar intensity is accompanied by corresponding
alterations iIn the orientation of the long slope of nests. While no
consistent slope values have been noted for F. obscuripes, it became
apparent that a certain number of Stage Il mounds had an east-west axis
2 to 5 cm longer than north to south. Some of these value differences
were attributed to excessive mound erosion, but most seemed to be re-
lated to the amount and direction of sunlight received. Since the
majority of the asymmetrical mounds were in areas of little or no shade,
it was assumed that the workers were reacting negatively to light.

The activities of workers of ten. mounds, Tive shaded and five with-
out shade, were observed on warm (70-80° F) summer days from early
mornin:; until near sunset. On cloudless days surface activity on ex-
posed mounds was essentially limited to the west slope during morning
hours, north slope during midday, and east slope in late afternoon. No

ivi ties were observed for those mounds receiving shade
etation. Construetion, _i.e., the plac:Lng of culms and
surface , was therefore linvited to surfaces which
of protection from the sun. In thisj manner the
;Vod zr wtar mil5inf.on #m the part of workers.

n/ lac! of activity on the south face of the mound
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caused the north-south axis to be shorter,

Stage TI.i.. Senescent Colonies

Mounds with in this category were not numerous, only eight in var-
ious stages of activity and decay were observed during the six year
study period.

The most striking characteristic is the crater-like appearance
when viewed in section (Plates VI, VII). This is the result of collapse
and compression of the thatch material in the lower two-thirds of the
mound .

Most evident, on first opening the nest, is the musty odor of de-
composing organic material. Dissection of mounds transitional between
Stages Il and 111 indicated that this process was quite rapid (3 to 5
years) and increases with decline in population. Low counts of the
worker population suggested that the colony was no longer able to supprcc
the growth of mold and as a result the thatch began to decompose and
undergo compaction. This factor, along with the lack of surface con-
struction, caused the formation of the crater.

Deterioration of the nest begins with the decomposition of thatch
at its apex (Plate VIII). With further reduction in colony size this de-
terioration extends upward along the wall of the excavation and then in-
ward toward the center of the mound as viewed from the surface. In the
largest and probably the oldest mounds the characteristic thatched
appearance, when viewed in section, was almost obliterated. Few pass-
ageways and chambers existed in the lower two-thirds of the nest. The
brood chamber, when present, was reduced to a fraction of its original
size and decomposition had altered much of the thatched material until

it had the- appearance of rich, coarse, brown humus (Plate VIT).
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PLATE VI

STAGE 111 MOUND OF F. OBSCURIPES
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PLATE VII

CROSS-SECTIONAL VIEWS OF STAGE 111

OF F. OBSCURIPES

Stage 111 mound showing typical crater formation.
Pointer indicates tip of marker .Lake placed on
surface about fme- years prior to dissection of

mount- .
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PLATE VIII

DIAGRAMMATIC REPRESENTATION OF SENESCENCE OF

F. OBSCURIPES MOUND

2. Early Stage 1I1l.

Mid-Stage II1.

4. Complete extinction and

crater formotion.
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Craters vary 1In size with the largest about 85 cm iIn width and 28
cm deep. These apparently persist for a number of years following nest
extinction. A few were partially obliterated by the effect of water
erosion and were often further obscured by the growth of grasses and
herbs. However, the organic material iIn the center of these structures
is undoubtedly the Tfine remains of thatch, thereby attesting to their

origin. Complete sequence of mound development shown in Plate IX.

Growth Curve

It has been shown that the mound growth rates of some species of
ants follow a predictable pattern. Andrews (1925) measured the growth
in size of a single mound of Formica exsectoides over a 19 year period.
His observations indicated a period of slow growth followed by an accel-
eration, a leveling off, and finally a decrease iIn size as the mound
becomes inactive. King and Sallee (1953) reported similar growth pat-

terns for the first year®s growth of F. obscruipes.

To determine whether or not the mound growth rate for F. obscuripes
has a predictable pattern beyond the first year, measurements were made
of fifty active mounds. Selection was made to. include equal numbers
in each stage category. In all cases two measurements were made, one
of total diameter (= thatch plus soil embankment), and the other of
thatch diameter only. For purposes of establishing a growth curve only,
the latter was used because the soil embankment was found to bo too
variable. In some mounds, it was quite extensive and in others appar-
ently of the same size i1t was totally lacking. The amount of thatch also

proved to be more useful in determining whether or not a colony was

Tflourishing or declining.

Oof the Tiftv mounds selected for this study only sixteen persisted



PLATE IX

NEST SERIES SHOWING PROBABLE SEQUENCE THROUGH WHICH

MOST F. OBSCURIPES MOUNDS PROGRESS.

1. Stage 1 mounds.

2. Stage 1l mounds.

9. Stage 11 mounds.



long enough to provide useful data. The relationship with respect to
growth rates between mound diameter and age is shown in Figure 9.

Two mounds were observed throughout the initial period of con-
struction beginning in the latter part of June and continuing until
the end of August. Total growth for the two mounds during this period
of time averaged 30 cm. Both were destroyed the following winter.
Three small mounds, apparently in their Ffirst season of growth when
discovered, were studied. Their mean thatch diameter was 18 cn. At
the end of two and one half seasons of growth mean thatch diameter
was 43 cm. Five mounds which had a mean thatch diameter of 28 cm when
Tirst measured averaged 58 cm at the end of six growing seasons. SiX
additional mounds were measured during the second year of the study
period. The mean diameter of the first measurement was 60 cm and the
mean of the final measurement six years later was 67 cn. Mounds which
have reached their zenith, that iIs, maximum size has been attained
(/5 to 90 cm thatch diameter), may remain stable for a number of years.
Annual measurements of eight mounds within this category have shown no
further change. Beyond this point, probably between 10 and 15 years
(maximum queen longevity 1is believed to be about 15 years), the growth
rate becomes negative. Much of the original thatch surface falls iInto
disrepair. That which 1is maintained by workers, such as removal of
new plant growth and number of openings into the mound, may decrea.se
by as much as 50 percent. Since only four of these mounds were avail-
able for measurement and then only during the seventh year of the study
period, 1 have no data on the rate at which this negative growth occurs.
That these colonies are young is a possibility. In several instances

it seems quite likely that a new colony was established in the old
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YEAR OF STUDY PERIOD

Fig. 9.— Mean growth rate of 16 F. obscuripes mounds
measured annually during all or part of a seven-year period.
Number of mounds meastired and averaged within each size range

indicated above line.



mound following Its extinction. Such mounds are typically asymme-
trical, that iIs, the thatch material and brood chamber are not cen-
trally located but are to one side. However, the four mounds referred
to earlier did not have these features and were iIn all likelihood fTirst
generation mounds.

Of the 28 mounds in cluster A, study area 1, measured during the
summer of 1970, ten were relocated and remeasured in July of 1971. The

results which are similar to those described above, are presented in

Table 2. ]

TABLE 2
ANNUAL GROWTH RATE OF TEN F. OBSCURIPES MOUNDS MEASURED

DURING THE SUMMERS OF 1970 AND 1971.

Diameter (cun Total
1970 1971 growth
Stage | 28 38 10
28 46 18
Mean 14
Stage 11 41 51 10
46 56 10
46 48 2
46 56 10
58 69 11
66 61* -5
71 66* -5
Mean 4.7
Stage IIT. 76 76 0

""Negative growth rate
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Hounds either vitkin the Stage 1 category or transitional between
Stages 1 and 1l showed the greatest amount of growth with a sharp de-
cline m the larger Stage Il nests. Two mounds showed negative growth
rates. Both of those were large, averaging 6S.5 an when First measured;
however, aeasuresaeat of Bounds of this size is subject to error because
the point of contact between the thatch and the soil embankment is not
always veil defined. On the basis of form and population only one mound
of the original 28 could be considered as being within the Stage 111
cateor

The overall growth curve is shown iIn Figure 10. That part of the
curve extending beyond the seven years of the study is based upon extra-
polation of data. Growth during the initial stage is rapid, the thatch
diameter doubling iIn the latter half of the first growing season.

Giowif tjOriiinu.es at a slower rate tor the next two years grovwer .

be of short duration since only a few in this growth form have been ob-
served In an active state. These were subsequently aissected and tnus

A/lu & A Le for annuai measurements.

Population Characteristics During

Mound Grovth

Mejor-.....;

as earlier r itb n2ve siirwnij . .ws IS a positive correi

worcrl ne  h ¢y and population. 7o Vvhat degree these c'rences

i —u i wixes B— 1% ratiOS iS Cf Smc ial

Uiacl r. s~z £ aré6

since sn retios nov tnrov scsss light on events which lead to
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— KNOWN GROWTH RATE
GROWTH RATE AND PLATEAU OF UNKOWN DURATION

— mmm rate of decline

10.--Growth curve of F. obscuripes mounds based on an extrapolation of data covering

a seven-year period. Dashed line is based upon Stage 11l mounds which gradually die out.

Vo



Nine random samples were taken from mounds ranging in size from 38
to 193 cm in total diameter. No mounds in early Stage | were selected
because of the possibility of worker cooperation and/or communication
between nests. The thorax of workers from each sample was measured,
anterior to posterior on the lateral surface, and on this basis the
worker population was separated into three arbitrary categories:
majors, larger than 2.75 mm; medias, smaller than 2.75 and larger than
2.90; minors, smaller than 2.50. These measurements corresponded
generally with head color, _i.e., red of majors, dark red of media, and
black of minors. Total mound width, sample size, number and percentage

of workers in each category are shown in Table 3.

TABLE 3
TOTAL MOUND width, sample size, number and percentage of

WORKERS AS RELATED TO MOUND WIDTH IN F. OBSCURIPES.

Sample Total Sample "Ma] ors Medias Minors
No. Mound Width mSize H o # % # %
1 38cm 4 58 23 8 R 114 45
2 46 156 31 20 54 35 70 45
3 &4 2 5 21 24 A R 45
4 124 123 11 9 B 31 73 60
5 140 210 31 15 4 2 135 &4
6 152 288 63 2 49 18 173 &0
7 173 328 42 13 14 35 170 =2
8 183 89 9 10 13 15 6 7B
9 193 192 B 20 29 15 123 65

In sample 1, a relatively small mound, the combined percentage of
majors and medias is slightly greater than the percentage of minors;
whereas, In a large stable mound, j.c. iIn sample 5, the combined per-
centage of majors and medias IS much less than the percentage of minors.
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The largest minor percentage is found in sample 8. This collection was

taken from a large mound inhabited by a relatively small colony pop-
ulation, which correlated with the degree of deterioration of the thatch
surface. In addition, very few workers were observed on the surface or
within the mound; however, those present were actively engaged In main-
taining the nest. In all probability, the colony was near extinction.

The mean value of percentages for each category within the range of
mound sizes is plotted iIn Figure 11. The majors show the least amount
of variation, as expressed as a percentage of the random sample from
each of the nine mounds sampled, having a mean value,of 17 percent with
a high of 23 and a low of 9. The mean value for medias is 26 percent
with a high of 35 and a low of 15. The greatest variation is found
within the minors, the mean being 56 percent, with a high of 74 and a
low of 45.

The percent of sample iIn each worker category in relation to mound
diameter 1is graphically represented iIn Figure 12. As indicated by the
relationship between mound size and percentage, the majors and medias,
taken as a group, show the least amount of variation. Both categories
display a tendency toward decreasing frequency with increased age of
colony, while the minors show a definite increase in frequency in
samples taken from large Stage Il mounds. The meaning of these corre-
lations i1s not clear; however, some inferences can be drawn based on
studies of polymorphism and caste origin.

Ford (1966), Sheppard (1966) and Wigglesworth (1966) suggested
that polymorphism :s probably due to the interplay between the genetic
consti tution of the individual and its reaction to complicated envi-
ronmental factors during development. Michc ~» (1966) pointed out that

nutrition plavs an important role iIn the production of castes, colonies
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MAJORS MEDIAS MINORS

Fig. 11.--Populations of majors, medias and minors
from random samples of 9 F. obscuripes mounds. The means

are indicated by solid dots and the ranges by vertical lines.
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Fig. 12_.--Number of F. obscuripes medias and minors

plotted as a percentage of each random sample. Asterisk marks

declining Stage 111 mound.
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with nomal diets producing both soldiers and workers, while those with
abnormal diets produce all workers. In Pheidcle pallidula Nylander the
Tirst workers produced by the starved queens were musually small. A
esimilar report by Flanders (1952) stated that the production of worker
castes is influenced by the environment of the queen or the state of
tlc coicay™

IT F. ohscurines colonies follow a predictable life cycle as shown
by nest form and population counts, such factors as gueen senescence
and peculation site may indeed have an effect on worker ratios, al-
though data to substantiate this hypothesis are lacking.

The five smallest workers fress each nest were measured for scape
length and bead width. The results, plotted in Figure 13, dv.a a
separation cf workers fret small and large ncunds, the swailt workers
in general being frets the larger mounds. It remains to be seen whether
the production cf smaller-sized workers is due to colony senescence or
to the state cf the colony, as suggested by Bodenheixser (1937) and
Flanders (1952).

Use major-minor ratios in this study represent collections taken
at s single point iIn tins, as. only tretr toe nest surrace. it is net
kn:w. whether these ratios at the surface nay change during the day,

-_ertainlv a possibility. King and Walters (1950) found a
-rets r sscurioes workers witn “.uxors a
T o B iceris seermg £v carrymg coney—tew
such activities are aiterec during tne

tail" routine of workers icav be refiec-
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(1971) in their study of the iImported fire ant, Solenopsis saevissima
richteti Forel, iIn the southeastern United States found a seasonal
change in major-minor ratios with the highest percentage of major
workers occurring in April iird May and the lowest in October and November
They attributed this shift to the fact that majors could survive the
winters better than minors.

Hsu (1970), 1in his biometrical studies of interspecific differences
between species, found that different ant hills may show a more or less
strong variation in size indicating a lack of uniformity of the species.

.Sanders (1964) determined the frequency distribution of head widths
of workers from three colonies of Camponotus herculeanus (L.). All
three showed a tendency toward a bimodal curve. Minors were found to
be more frequent than majors, especially iIn the smallest colony. As
mentioned previously, this finding is In accord with Michener’ (196b)
contention that starved queens produce small workers.

A high frequency of minors in small colonies was not found in any
samples taken from Stage | mounds used iIn this study. As shown ear-
lier. distribution patterns tend to indicate that most of these colonies
resulted from budding. Queens are apparently adopted into the nest
following establishment of the bud colony. This kind of colony develop-
ment likely provides the queen with adequate nourishment so that the
proportion of minors is relatively low. j\s a result coionios in Stage

I mav not fit the pattern of development suggested by Michener (1966)

Popul m'"ion Growth Curve

Most investigators have conclud ¢ that on the basis of actual

worker count there is little correL between mound size and pop-

urat: or. fung (1900) emphasized t dc differences found in mounds
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of Fo™icn. one having a population more than five times another
with no correlation between mound size and number of inhabitants.
Dreyer (1942) estimated colony size of Formica ulkei by excavating the
entire mound. He concluded that much variation exists within size
categories but that generally larger populations occupy larger mounds.
According to Weber (1935) F. obscuripes may be exceptional in this re-
spect, the type of material used iIn construction dictates that mounds
of large size cannot be maintained by a small population without under-
going extensive deterioration.

The correlation of mound size to population can be arrived at in a
number of ways. Weber (1935), Cory and Haviland (1938), and King and
Walters (1950) in studies of species of Formica excavated the entire
nest and counted the worker population. Bitancourt (1941) used open-
ings into the mound to determine colony size, making the assumption
that an increase of openings into the nest was an indication of an
increase in the worker population. Golley and Gentry (1964), Brian,
Hibble and Stradling (1965) and Stradling (1970) used the mark - re-
capture method with phosphorus - 3 as a marker.

I excavated several entire nests of F. obscuripes, two mounds in
Stage 1, one iIn Stage Il and two in Stage 11l. Additional Stage Il
counts have been made by Weber (1935) and King and Walters (1950).
However, none of these counts is complete since no attempt was made to
collect workers which were foraging or engaged iIn other activities away
from the nest site. This method also has the disadvantage oi result-

ing in the destruction of the nest.

Population counts of colonies inhabiting nests in the Stage 1

cateeory have revealed no definite growth pattern. The smallcst nest
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(about 10.2 cm iIn thatch diameter) was found to contain only 24 workers
and no brood. This colony may not have been solitary; therefore, the
count may reflect workers migrating between parent and bud nests. The
second Stage 1 count was of a colony taken from a nest 24 cm in diameter.
The population consisted of 530 workers and 274 pupae and larvae. This
count is probably quite conservative since it includes only those workers
which were either engaged iIn nest construction or care of brood. The
brood count in turn reflects only those Immature forms which were col-
lected along with the thatch material and does not include those which
may have been located within soil chambers and galleries. A higher and
more accurate count would have been achieved by taking the nest during
cool evening hours after the majority of foraging workers had returned.

As shown in Table 4, population counts of colonies from Stage 11
mounds show a significant increase over those of Stage 1.

The largest count (25,000 workers) was taken by King and Walters
(1950) from a nest 83 cm in diameter. A total estimate made on the basis
of this count was 50, 000. Although from a larger mound (135 cm in diam-
eter), Weber®s count is less, with 16,481 workers and an estimate of
several thousand brood. My third count was from a small Stage Il mound
(65 cn total diameter). Following anesthetization the workers were col-
lected along with thatch and a count was made from \ of the material.

An estimate of 9,000 was made for the entire colony.

The vast amount of material incorporated into large Stage 111 mounds
makes any attempt at worker count very difficult. For this reason only
two mounds which seemed to be near extinction were examined. Both mounds
were characterized by a deterioration of the thatch surface (only a

fraction o the total area was maintained) and a coliasped dome creating
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n pronounced crater. The first (170 cm in total diameter) was anes-
thetized and the maintained portion of the nest removed. The popu-
lation was only 74 workers and five pupae. The remainder of the nest
was then removed, but the degree of decomposition of thaech and the lack
of ciiarbers and galleries indicated that the peripheral area was no
longer inhabited. The second Stage 11l mound was examined In a similar
manner. A total of 11 Workers were found in the maintained portion of
the nest. No brood were found and the brood chamber was lacking.
Whether this nest represented the final stage of a declining mound or
one being visited by stray workers was not determined; however, the

lack of brood and the state of the thatch suggested that the nest had

probably been vacated for some time.

TABLE 4
WORKER POPULATION OF F. OBSCURIPES COLONIES AS

RELATED TO MOUND DIAMETER.

Stage 1 Stage |11 Stage 111

Diameter No. Workers Diameter No. Workers Diameter No. Workers

10 om 24 65 cm 9,000 165 om 1
24 cm 530 *83 am 25,000 170 cm 74
**135 om 16,481

* King rrd Walters (1950)
** Weber (1935)
As shown in Figure 14, there is a positive correlation between
mound size and population of Stage Il and Stage Il mounds if a com-

parison is made, not on the basis of total mound diameter, but on the

basis of that portion of the thatch surface which i1s kept iIn repair.
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This relationship may be expressed as a ratio between total mound
diameter and thatch diameter.

The mean of Stage 1l mounds with respect to total diameter was
found to be 87 cm while that of thatch diameter 42.5 cn. The ratio of
total diameter to thatch diameter was approximately 2:1. The five
Stage 111 mounds are those which on the basis of thatch deterioration
and the crator-like effect appear to be in a declining phase. The mean

diameter was 160 cm and for that of thatch 55 cm. The ratio between

total and thatch diameters was approximately 3:1.
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Colony Reproduction

The terms applied to colony reproduction are somewhat inconsistently
used and need clarification. For example, the term ''swarming™ generally
relates to the fTlight activity of alates (Kannowski, 1963), but has also
been used with respect to the movement of entire colonies of ants from
one site to another as reported by Muckerman (1902), Andrews (1932) and
King and Sallee (1953).. Golley and Gentry (1964) also describe a similar
process, but in general _terms. The term "budding” has also been used in
a broad sense, usually referring to the establishment of a new colony by
a queen and/or workers of the parent colony. King and Sallee (1953),
Scherba (1958) and Talbot (1961) used the term, but without defining the
final relationship between the parent and daughter colony or colonies.

For this reason the following terms and their restricted definitions
are proposed: a) "'swarming” IS restricted to the aerial aggregations of
alate ants and to the nomadic phase movements of army ant workers; b)
“"colony division™ 1is used to cover cases of colonies splitting Into two
parts, each with one or more queens, each colony developing iIndepend-
ently; ©) "colony budding” refers to those cases where parts of a colony
leave the mound and establish secondary mounds which remain connected at
least temporarily to the main mound by trails; and d) "‘colony trans-

location™ describes the case where an entire colony vacated an old nest

and moves to a new one.

Colon- Tranolocation

Transloeation In " . obscuripcs was first reported by Muckerman (190?)
and a dotal, led account was given by King and Sailee (1953). Apparently

this phonemenon 1is rare. During ty fiejd studies from 1963 to 1970 1

witnessed t® < 7-vent onl* . rut-f in a prairie »n Cavalier County.



North Dakota and again in the woodland habitat near the Forest River
Biology Station.

lhe translocation process consists of the moving of workers, queens,
pupae and larvae to the new nest either proviously constructed or iIn the
process of being constructed by the major workers. Few minor workers
seemed to be engaged in this type of activity. Numerous pupae and larvae
were observed being carried to the new nest and at times a major worker
was observed carrying a minor or media worker. The apparently reluctant
workers were picked up bodily and carried to the thatch surface of the
nest. Once deposited they either disappeared inside or attempted a
return. OF interest wes the complete submission of the workers being
transported; the entire body took on a relaxed attitude and remained so
until released.

The time required for complete relocation is unknown. King and
Sallee (1953) observed this process over a period,of two days and noted
only a small net movement toward the new site. Wheeler (1910) in his
studies of the ant Pogonomvrmex molefaciens (Buckley) (nhow known as P.
barbatus (F. Smith)) observed that it required almost three weeks for
the old nest to be vacated.

There is no conclusive evidence as to the causes of colony trans-
location. Of the two colonies | have observed, neither seemed to be
affected by adverse environmental conditions. Indirect evidence based
on a number of recently abandoned sites iIndicated that most were no
longer habitable, either because of excessive shading by trees or by
plant growth surrounding the mound. At the University of North Dakota
Oakville Prairie Field Station near Emerado, North Dakota 1 have ob-

served several vacated nests near active mounds. The distance between



old and new mounds was no more than about 3 meters. These vacant mounds
were characterized by dense stands of grasses and herbs growing on the
soil embankment and thatch.

A negative reaction to shading has also been found In other species.
Scherba (1958) found that most movements of Formica opaciventris colonies
were from heavily shaded to less shaded environments. A similar account

was given by Andrews (1932) for _F. exsectoides.

Colony Division

The establishment of new colonies by this process is quite common
among the exsecta group and detailed accounts are given by Scherba
(1958) and Talbot (1961). Within the rufa group I have found this form
of territorial expansion common to both F. obscuripes and F. oreas
comptula. However, the process as it relates to these taxa has not been
well studied. The only prior studies have been two concerning F.

obscurioes (Weber, 1935 and King and Sallee, (1953).

During the summer of 1964, four areas containing concentrations of
F. obscuripes mounds were located near the Forest River Biology Station.
In each case the pattern of dispersion, .ie.., a large mound associated
with two or three smaller mounds, was highly suggestive of the possi-
bility that each of these small clusters was the result of budding from
a single mound. In order to determine iIf there is a relationship be-
tween the process of colony division and aggregate patterns within a
cluster, three such areas were mapped: Area 1, cluster A (Figure 15)
in 1964; and Area 1, cluster B (Figure 16) in 1969; and Area 2, cluster
C (Figure 17) in 1965.

Mapping consisted of dividing the area of study into quadrats 5

meters scuare. The size and position, of each mound was than plotted






Fig

15

- 1

2 meters

trails

€>

mounds

mound scale exaggerated



M ' 3 METERS
MOUND SCALE EXAGGERATED

O = MOUND

Fig. 16.— Map of Area 1 cluster B showing clumped distribution pattern and size

relationship of mounds.



63
ata the data used iIn doterming the spatial relationship of colonics
within clusters. Since isolated colonies ai"e randomly dispersed the
degree of aggregation of colonies within a cluster would indicate that
most if not all of these colonies were the result of the process of
colony division.

The type of distribution for clusters A and B was determined by
the variance/mean method (Cox, 1967). This method is well suited to
the use of quadrats when aggregates are closely grouped and widely
spaced (Pielou , 1969). The ratios obtained by this method have values
ranging from 1.0 for randomly dispersed populations, less than 1.0
for populations having uniform distribution patterns and greater than
1.0 for populations tending toward clumping. The results showed a
high degree of clumping with a ratio of 1.7 for cluster A and 1.9 for
cluster a. Cluster C was represented by few mounds, therefore, no

analysis was made of the distribution pattern.

Within cluster A, on the basis of size and position mound 101 is
clearly the focal point about which other mounds are scattered. For-
aging trails originated from at least five different points on this
mound. Three were followed for about 9 meters with no definite terminus,
the fourth terminated at the base of a bur oak and the fifth, by far the
longest (a@bout 58 meters), led to the edge of the forest River ana to
what appeared to be an iIncipient F. obscuripes colony. This mound
(102) could not 'nave been more than two tnonths ola since flooa waters
had inundated, the area in early spring. The trail was well marked with
workers moving rapidl®7 in both directions, at times forming a column

almost 5 cm wide. T estimated the column to be comprised of more than

5.000 workers.
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The distance between wounds made it too difficult to follow iIndi-
vidual workers from one mound to the other. Nevertheless, it was
assumed at the time that a cooperative effort was taking place. The
rapid rate at which the mound was built (28 cm thatch diameter when
Tirst measured) suggested that workers from 101 were actively taking
part in its construction.

In August, a second mound (106) was found on this same trail
about midway between 101 and 102. Its relationship to 102, if any,
was not determined since the trail leading to the Forest River was no
longer used. However, the trail continued to be well traveled -between
106 and 101. Mound 102 was revisited iIn 1965 iIn order to determine
whether or not communication with neighboring mounds had been reestab-
lished but all indications were that the mound had attained completely
Allagpaci.it- s-u.us. Suen evidence, whljc inoiCuiivD, bu aw
in as much as what appears to be communication or cooperation between
mounds may only be overlapping foraging trails. As | found later,
this, iIn part, may indeed have been the case.

On July 1 of the following year, an estimated 500 to 1000 workers
of mound 101 were marked with small specks of white enamal and their
activities noted on the following day. Numerous marked wuorkers were
observed on the trail between mound 101 and 1Q6, with a high count of
alaven alL any one time. While marked workers oj ten approached within
four or five feet of 106, none was observed on the mound itself. If
cooperation or communication existed between these mounds the previous
year, the relationship had subsequentiy been aieered. Woikcrs of 106,
which were followed from the time they left their nest, and marked

workers of 101 were observed to make frequent contacts, but the nature
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of the contacts suggested that each recognized the other as an alien.
Apparently this trail was of common usage to both colonic.% as apoint

of egress to foraging areas.

On July 14, a second trail was found. It originated at mound 154
and terminated under a small branch about 28 cm in length and 5m in
diameter. The total length of this trail was about 9 meters.

The workers of 154 were marked with paint on July 15 and their
movements traced. For a period of two weeks workers were observed moving
in both directions along this trail with no unusual activity noted
except that an increased number of workers were seen passing through a
single opening concealed in part by a branch. Soil chambers and gal-
leries may have been enlarged during this time, but no deposits suggest-
ing excavation were found to support this view.

At the beginning of the third week, July 30, a small amount of
thatch (bur oak twigs and grass culms) was noted to have been placed
above the ope; ing, the total collection of material making up a nest no
larger than 8 to 10 cm in diameter and about 3 cm high. A final meas-
urement made two weeks later showed an aaditionai growtn oi 5 cm 1in
diameter. Here, for the first time, was evidence supporting the view
that F. obscuripss expands its territory through the process of budding.

The relationship among mounds within a cluster is an interesting
one, since the degree of communication between the parent and bud colo-
nies nav Indicate whether or not individual colonies, once established
remain iInterconnected or If the individual mounds may ultimately become
independent. This communication may take the form of an exchange of
workers. pupae, and larvae (Talbot, 1961) or may simply be visiting

bacm "a ¥tk o; corker, as stated b vsecret (I-"10) =
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The events discussed thus far suggest that while communication be-
tween the parent and bud colonies may take place during the nest con-
struction phase, this communication may be broken off or at least re-
duced as dic new nest becomes established and self sustaining.

Two methods were used to determine the degree of visitation be-
tween mounds within a cluster. The first involved the marking of work-
ers with white spray enamel and the second consisted feeding a colony
a mixture of gentian violet and honey.

Cluster C iIn Area 2 (Figure 17) was selected to test both methods
in order that a comparison of results could be made. The area is char-
acterized by a dense stand of smooth brome and Kentucky blue grass.
Foraging trails, if they existed, were not visible.

The largest mound (90) was selected for the marking experiments.

% on"Yeine" i, Pob X art B i SEed Zou Cts S0l eer. 48Le marked wirh paint
and the results noted on the following seven days.

The six surrounding mounds which form a part of the cluster were
checked daily. Mounds were gently tapped to bring additional workers
to the surface. The results were negative. Not until the sixth day
were marked workers observed anywhere except at the site of marking, at
which time two marked workers were found. One of these was found at
mound 92 where it seemed to wander aimlessly over the thatch surface
and be quickly recognized as an alien although no animosity was
shown by other workers. The usual behavior exhibited involved the
touching of antennae two or three times until no rurthcr interest v+s
shomn. This routine was repeated with each worker encountered. After
several minutes the marked worker disappeared into the nest and did not

reappear. The second marked worker was found in a sample collected
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fron mound 91. At the end of one week marked worker,*, were still ob-
served on mound 90, although in smaller numbers.

Considering the fact that 200 to 300 workers were marked, the
number which took part in visiting was insignificant and somewhat sur-
prising. There 1is, however, some iIndication of a degree of acceptance,
possibly based on similarities of colony odors among workers of colo-
nies within a specific cluster.

Having established the fact that visiting does take place, but on
a very limited basis, 1 attempted to determine the extent to which
visiting could be induced.

On July 16, a vial of gentian violet and honey mixture was embed-
ded in the thatch of mound 90. The following a day a sample of workers
was taken from the mound and each squashed between index cards. Each
worker left a discernible spot of stain. Samples taken the same day
from neighboring mounds within the cluster gave negative results.

Positive results were not obtained until July 28 when about 85
percent of the samples of mound 91 and 92 contained marked workers.
Additional marked workers appeared August 1 in about 55 percent of the
samples taken from 94 and 141. The total area from which workers were
attracted measured 15 by 42 meters. Samples taken from clusters cut-
side of this area contained no marked workers.

Rosults obtained by Scherba (1964) indicated that visiting dc
creases with distance; however, increased distance may also be indi-
cative of decreasing parent-bud relationships within the cluster.

Hangartner et al, (1970) concluded that orientation to nest material
by Pogc-nomyrmor: bad ins may be related to the odor of specific soils

and debris used iIn nest construction and that those odors are iIncor-



74
orated into the epicuttcle of the worker. This may account for the
acceptance of workers in colonies other than their own, if such colo-
nics arc of the sane environment, and for the rejection of workers from
dissini®.ar environments.

The function of visiting is not clear arid, as shown by behavioral
reactions, may ke- nothing more than the occasional wandering movements
of workers while carrying out daily activities. Certainly if import-
ance iIs to be attached to this phenomenon?, the degree of visitation
should have been greater than observed. However, even such small
frequencies of visitation may play a role in the rapid transfer of
information between colonies within a cluster when conditions warrant
it. duen may have been the case of the induced communication between
colonies vhen a new food source was made available.

The role of the cueen in establishing bud colonies nas as yet no:
oeer. Excavation of fifteen mounds within clusters showed a
consid vwit. ,-ariation in number of dealates present. In the early

e (O - 12 acn) no queens were found, although all thatch,

Stage

co = es arc chambers were carefully followed tc their limits.
woua Stage | phase (13 - 25 cm) multiple queens were common.

One colon-- a single queen, two colonies . one r.aa tores

one “to- rtcen. :our mounds in Stage i/ V3£ esar. a single queen, and

cne in Sfara 111 had none. This does 1100- however . preclude the pos-

Criii ... : ctvir aueens calld have 'tcen present since Stage Il and

---r.chambers. A queer, could easily have

oeén



75

Formica oreas comptula
Mobile] Mopphogenp.™! (n
Mound Morphogencsi s
Habitat: So lac.Lion
Nest site preference iIs to some extent determined by the nature of
the habitat. Generally, iIn areas composed of dense stands of grass
(predominantly Kentucky blue grass), most mounds are associated with
lodged stands of grass from the previous year®s growth and grass mats
several centimeters thick. When the ground cover is thin, (that is,
the humus is exposed over a major portion of the habitat), site selec-
tion is associated more frequently with rotting logs, stumps, flat rocks
or upright, partially decomposed trees.
Shade seems to be an important factor in site selection. All
nests whether iIn open woodland or ecotone receive some shade during
the day. Local conditions permitting, shading of nests occurs more
often during the morning than afternoon hours. OF 22 nests in three
prairie extensions along narrow north-south ridges only four mounds were
found on the west side of the clearing. This factor also may have been
important within the open woodland, but if so it was not notea with any

frequency.

Preference is also given to areas which are well drained. Only

Pical Doscript!on

ew nests of F. oreas have been described. Creighton (1950) de-

scribed the nest of F. oreos ore s a mound of detritus which under

favorable conditions rivals in sixe 0se Oof F. obseuvin Col v
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(b32) stated that in Utah F. oreas orcan colonies arc founded in open
sunny areas and beneath stones which the workers banked with detritus.
Wheeler and Wheeler (1963) reported that most North Dakota nests of
F. oreas comptula were associated with detritus of fine plant debris.

In the Forest River study area a representative mound will average
about 25 cm iIn height and usually be dome-shaped, but occasionally one
has the appearance of an inverted cone (Plate X). Detritus used as a
building material is uniform In size and content throughout the mound.
The internal compartmentalization is not predictable. The location
and size of chambers change constantly with some parts of the nest being
completely abandoned and others with newly created open areas.

The surface material shows some degree of cohesiveness and com-
paction probably resulting from frequent rains. This layer, 8 to 20
mm in thickness provides a certain amount of protection from the ex-
ternal environment. Few openings are located on the nest surface,
those present being used only during the cooler morning hours or when
there iIs adequate shade. During foraging activities and the transfer
of brood, openings which are located at the periphery of the mound are
used. In areas of dense grass these are not exposed, but are entered
from trails concealed with in the grass mat.

Nests associated with logs or stumps are highly variable iIn size
and shape. Generally, the detritus 1is placed along one or both sides
of the log. but much of the ¢hambering and gallery formation is locateo

within the decomposing Wead. By far the largest nest of this type

oooupiod a Fallen tree about 30 cm in diameter and four meters iIn

lengy &

No sprcific orientatien with respect to shading or drainage was
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PLATE X

SURFACE AND SECTIONAL VIEWS OF

F. ORKAS COMPTULA MOUND

1. Sarface view of isolated mound with a height: of

76 cm and base diameter of 115 com.

2. Partial dissection of mound showing compact sur-

face and intermal chambering.
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noted. How/ever, one large aggregation of nests declined rapidly in

numbers over a period of several years as a result of overgrazing. The
lack of vegetation caused excessive erosion of ground cover and as a
result nest development shifted to an area having more protection from

small shrubs and trees.

Stage 1. Incipient Colonies

Site Selection -- The selection of a suitable site for nest con-
struction seems to be related to the availability of lodged stands cf
vegetation. Dense mats of Kentucky blue grass seem to be the preferred
in the study area. Eight cf ten areas which contained clusters of nests
were associated with material of this type. In moderate to heavily
grazed pastureland, the preferred sites were stumps, logs, and, less
frequently, large rocks or boulders. In a few iInstances, when ground
cover was almost completely lacking, i..e., on steep slopes, the nests
were confined to decaying upright trees.

Description -- The term incipient as used iIn describing Stage |
nests refers only to the establishment of new colonies through budding.
The nature of incipient nests as founded by solitary queens is not
known .

Even in early stages F. oreas comptula nests have no typical shape
or form. A mound may be round, oval, flat, or asymmetrical depending
on its origin. Each nest begins with the removal from within.the glass
mat of plant debris which is deposited about the stems of grasses an«

herbs or laid on the lodged surface of tne past yeax s giowth. The

interior of the nest is Very open structure having poorly defined

enamours.

seven or e
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and trail formation within the grass mat may be quite extensive before
any mound construction becomes apparent. Earlier events such as the
construction of chambers and tunnels below the grass were not observed.
Many of the small nests, 8 to 10 cm in length, may be temporary
structures utilized only during periods of peak brood population. Pupae
have been observed being carried both in and out of these structures.

Such structures may be termed succursal.

Stage Il. Mature Colonies

Description -- The morphology of F. oreas comptula nests as de-
scribed here refers only to the typical mound composed essentially of
detritus. As shown in Figure 18, the nest is comprised of a number of
similarly constructed units which are connected by trails hidden within
the grass mat. The major features are the dome-like asymmetrical
mounds averaging approximately 30 to 40 cm in diameter. Excavation of
soil beneath tiie mound is limited. Small chambers 4 or 5 cm long and
1 or 2 cm high have been found within the grass mat, with iIntercon-
necting galleries. Few defined chambers have been found iIn the soil,
but small galleries or tunnels have been found leading to lower levels.
These were followed for a few centimeters and then lost. The depth of
penetration and length of the tunnel were not determined. Peripheral
areas of the grass mat, especially where trails radiate away from the
nest, are almost completely hollowed out. The expanded entrance to the
trail i1s continuous with the internal compartments oj. the thatched
portion of the dome. A few of these trail entrances were found to fe
nearly 30 cn wide and 4 cn high with a smooth suiface.

ave frequently established within the hoi low ocor ¢ of dc

composing stumps or upright trees. One nest occupied the interior of
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18.--Diagrammatic sectional view of F. orcas comptula Stage 11 mound complex:

(® bud mound, (c) T1irterconnecting trail, (d) grass mat, (e) soil.
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a paper birch tree from its base to a point just under two meters above
ground level. In such cases, detritus is banked against the foot of the
tree and carried into the larger hollowed out pockets beneath the bark.
Hollow stumps are usually Tfilled to the point of overflowing, resulting
in detritus spilling over onto the ground. If the stump is small, .
no more than 30 cm in height, it may become completely buried. The
location of brood within the nest is not predictable, any area meeting
specific environmental requirements, _i.e., temperature and humidity,
probably being used. Pupae have been found in soil chambers, within
the grass mat, in chambers within decomposed wood, and in all areas
of detritus.

Most nests were found to grow in size by the addition of new
material to the surface either iIn the fc~. n of detritus collected from
the immediate vicinity, usually not more than one or two meters away,
or of material removed from within’he nest.

Nest building activities were confined either to cool days or to
times when, there was no direct sunlight. On cool mornings when the
nests were shaded, workers were frequently observed carrying pieces of
leaves and small grass culms, but mere often blades of grass which
appeared to be, on the basis of weathering and decomposition, seveial
seasons old. In the early stages of mound construction, ouiloing m>
teriai is apparentlv randomly selected irom available mm.eric.il, but
during the advanced stages of construction when bud nests and temporary
brood shelters are constructed, the construction aatcnail is removed
from large areas within the grass mat. These areas eventually include

the svstem of trails connecting the various components of the mound

complex.



82
The size of the mound does not necessarily iIndicate the number

of its inhabitants. Depending on conditions, such as the amount of
rainfall during a short period of time or the amount of shading,
parts of a mound a" mound complex may be abandoned in favor of
another. This shift in population brings about fifferential growth
rates causing the mound to become highly asymmetrical. The net
affect is to produce on the surface of the mound a number of blister-
like protuberances (Figure 19).

During the winter when the above-ground level portion of the
nest becomes vacant, snow may compress the detritus by as much as
two-thirds of its original height. In the spring when the colony
again becomes active, the internal galleries and chambers within
the detritus are lacking. In such cases (and this process has also been
observed fTollowing heavy rains) the nest rechambered by workers trans-
porting material out through the major openings and depositing it on
the outside surface. This process is continued until compartments
within the nest are reestablished and the mound has regained its orig-
inal size.

Not all pieces of leaves and stems are removed. The surface cap,
s it is buried, remains intact, the workers selecting material which
s more easily detached. Older mounds of unusual size, two-thirds to
me meter high, may show three or four compression novels (Plate Xl).
mch levels may be related to the age of the mound, but this has not
men established. Since the upper compression levels are more distinct

;han the lower, It seems quite pro: able that some levels arc eradicated

Ath time.
During early .sumer when brood populations are high there develop



PLATE XI

SURFACE AND SECTIONAL VIEWS OF F. ORMXS COHPTULA

MOUNDS SHOWING COMPRESSION LEVELS

1. Surface view.

2. Sectional view of same mound.

3. Diagrammatic representation of
the compression levels of this

mound .
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Fig. 19.--Diagrammatic representations of F. wens comptnla
mound showing location of brood chambers.
A. Usual appearance: (@ brood chambers, () dense thatch

uninhabited.
Some mound showing new blister-like brood chambers added
to surface following saturation and compression of mound

during heavy rainfall.
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a tush of nest bu]ltling in which the parent and bud nest's are connected
by underground trails (Figure 18). Usually the bud nest was found to
be associated with a previous trail, but occasionally a new trail was
formed with a bud nest constructed at i1ts terminus. |1 did not observe
any isolated nest which later became attached to the parent nest by a
trail. Nest complexes were observed to be composed of from only two
mounds to as many as five major and twelve minor mounds. This physical
relationship is the rule and not the exception. During the seven year
study period only two mounds could be classified witli any certainty as

isolated.

Stage 1ll. Senescent Colonies

Description — Aging patterns were not observed. Nests were
often completely abandoned only to be found as flourishing colonies a
month later. A few mounds, after a season of inactivity, were found to
be reactivated. Only on colonywas followed through more than two
seasons, and over the course offive years it had shiited at least 60
cn from Its original position. However, the rate of decay is so ranio,
that 1t IS possible a new moundcould have been constructed while the
other was declining. The aging process iIs further obscured b\ the
pci ydonios nature of the colonies whereby a single colony may be re-
presented by : s many as twenty nest units making up an integrated and
unified ¢ o m p Mounds which are permanently abandoned or which show
evidence of decline, deteriorate rapidly. On compaction, the growth
of wold and the resultant decay progress so rapidly that by the end of
a sin season a nest is difficult to recognise ay such. This problem

. - _-iderod further in the section deal in- wiHi tho process oi

> ;; eC-diJICti OH .
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Colony Konroductinn

Ilio expansion of territory, other tian the founding of isolated
colonies, takes place through a single process, colony budding.

The Tirst example of this process was observed during the summer
of 1965. Five mounds, the largest no more than 17 cm in diameter,
were situated iIn a dense stand of Kentucky blue grass. Examination
of the grass mat indicated the presence of covered trails inter-
connecting the five nests. Three of these nests each contained one
queen.

A second cluster, situated iIn the ecotone of a north-south penin-
sular opening in the forest (Area 2), was mapped on July 1, 1965. The
arrangement and size of mounds and interconnecting trails are shown in
Figure 20.

Typically, most clusters grow in a linear fashion, following
either lodged stands of grass or shade provided by trees and shrubs.
The relationship is similar to that found in F obscuripcs in that a
large mound forms the nucleus about which other smaller mounds are
clustered. Dissection of mounds to reveal compression levels iIn-
dicated that the younger mounds were peripheral and that generally

the older mounds were larger® and centrally located.

The spacijng Of mounds within a cluster shows a c. rtain amount of
aggreg;ion.  The variance/mean ratio was 1.25, which is statistically
not sign! ficant at the %, level. A larger area containing more nests
is needed to determine vhcther or not the distribution pattern tends
1 be randon or clumped.

With oie exceptions &l1 parmancnt structurcs witbin the cluster

verc founi mbe connected by UmJla. Thcsc were exposod in order o



Fig. 20.--Map of F. oreas comptula cluster showing distribution
of mounds and connecting trails in the summer of 1965. Labeled arrows
show movement of tagged workers. W= workers from mound #145 marked with

white paint. G- workers from mound #146 marked with green paint.
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determine the spatial relationship of mounds within the cluster. Each
trail was than recovered except for short segments which were used as
observation points. Almost all trails were found to be utilized as a
means of communication between mounds but not to the same degree. Near
the nucleus of the cluster, trails were actively used with columns.of
workers moving in either direction. On one occasion at least eight
workers were observed to be carrying pupae away from the main nest (145)
and transporting them to small pockets or chambers adjacent to the
trail.

Trails in the remote areas of the cluster were used to a lesser
degree. For example, the trail bethveen 148 and 147 was used only inter-
mittently. During some observation periods lasting from 10 to 15
minutes only two or three workers would be found moving past a given
point ana at other times no workers were observed at all.

The relationship between mounds as indicated by worker movement
was determined by marking workers with spray paint. On July 12, 1965
the workers of 145 were marked with specks of white paint and their
movements traced over a period of several days. On the following day
marked workers were observed in mound 146 and moving on the tiail be-
tween 145 and 144. No marked workers were found in 148 or 147. On
July 15, workers of 146 were sprayed with specks of green enamel.

The following day marked workers were found iIn 146, 145 and 148. None
was observed on trails between 148 and 147 or 145-ad 144.

This same cluster was remapped July 21, 1970, (Figure 21). Of
significance is the expansion of this cluster and relocation of mounds.
Since no measurements were made during the interim period, If is not

certain which, if any, of the dominant mounds corresponds to those of
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Fig. 21— Map of F. oreas comptula cluster showing distribution
patterm and trails in the summer of 1970. Relative amount of worker

mivement between mounds is indicated by the width of the arrow.
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nests
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the 1965 mapping. Only ono (166) is In or near its original position.

As before, all trails were traced to their limits with segments
left exposed to facilitate a count of worker movement. A relative
determination of worker cooperation (or visitation) between mounds
was arrived at by counting the number of workers moving past a specific
point within a 5 minute interval. Unlike the information obtained from
the previous cluster (Figure 20) it is not known what percentage of
workers were iIn transit between adjacent mounds or to peripheral regions,
such as succursal nests and foraging areas. However, observations of
workers on two trails left completely exposed indicated that the
majority traveled the entire distance between mounds. Only a few were
seen making side excursions to succursal nests or into the dense grass
mat where they could no longer be followed. As expected, the trail
between the dominant inounus (149 and 146) was used with greater fre-
quency than any other. The trail between 146 and 152 was second W
frequency of utilization. Frequency of travel seemed to decrease with
increasing distance from the cluster. Altnough well established the
trail between 146 and 151 was little used. During a 15 minute interval
only two workers were observed. Two smaller mounds (154 and 155) baa
in previous years been attached to the cluster, but trails connecting
them to other peripheral mounds had fallen into disrepair. No trails
vere evident between 150 and 155.

Small succursal nests, numbering as many as 15 or 20, were fouit!
associated with peripheral mounds or well established trails. Such
nests vex- iIntermittent, most appearing during June and July when the
cluster reach., the height of productivity. Unlike permanent structures,

succursal nests are comprised of fine detritus placed about lodged
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leaves and stems of grass. Soil chambers arc usually lacking.

Hie behavior of workers while iIn transit did not in anyway suggest
different degrees ol relationship between mounds. Whether on short or
long trails workers showed no observable differences in behavior to-
wards each other. Tagged workers, unlike those of F. obscuripes, were
not recognized as being alien when observed in mounds other than those
in which they were marked.

The number of queens per nest varies. Generally the large nests
have multiple queens. One isolated mound approximately 1 meter in
diameter contained four queens each located in a peripheral chamber
between the grass mat and humus. Two mounds measuring between 65 and
70 cm each contained three queens. Five nests less than 25 cm in
diameter each contained a single queen. Temporary or succursal struc-

tures. that is. those which lack soil chambers and connecting trails,

had no queens.

Materials Used in Nest

Construction

The material used by F. oreas comptula workers iIn nest construe

tion iIs dependent upon the type of vegetation found within 1 ..

meters of the nest site. Generally, small pieces of decomposed grass
blades (Kentucky blue gras,,) are selected over any other material, and
when found In abundance, make up approximately A/. .. the rc,.t q. ..eidit.
Nests iIn undisturbed areas of the ecotone were usually of this compo-
sition. In grazed pastureland, where ground cover was light, the build-
ing material was more commonly composed of leaves and particles of soil.

In either habitat culms and twigs were infrequently used and made up
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only a small fraction of the material iIn any nest sampled. Those that
wore utilized in construction showed signs of 2 or 3 seasons of decom-
position. There seemed to be no attempt on the part of workers to
keep the nest from being overgrown with vegetation. Grasses growing up
through the detritus of the nest showed no signs of being attacked by
workers. None of the nests was found to contain freshly cut culms.

In order of decreasing frequency the thatch and detritus used in
F. oreas comptula nests were found to be composed of the following spe-
cies of plants: Kentucky blue grass, blades and culms; wolfberry
leaves; seeds of ash and elm; Juneberry leaves, decomposed or freshly
cut; dried fruits of Juneberry; bur oak leaves and occasionally twigs;
and smooth brome grass leaves and stems. OfF all the material used,
freshly cut Juneberry leaves, which were found scattered over the sur-
face of nests, are of most interest. The cut edge was uc same in each
case, serrate in appearance and crescent shaped. |1 never observed any
workers actually cutting pieces from attached leaves. Possibly, the
leaf cuttings were produced by other insects and then gathered by the
F. oreas comptula workers. |If not, the positive reaction of workers to
Juneberry leaves remains a mystery. The leaves, as far as | was able
to determine, were used only as thatch.

The size of material used is quite uniform both with respect to
diverse habitats and nests of varying sizes. A few samples contained

culms and leaves measuring 8 and 6 mm in length, but the average size

of the largest matcrial us

As shown in Table 5 t

categor os : thatch, wahieh in length and greater than

2mm in ter , and detr n in length and less than
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position. There seemed to be no attempt on the part of workers to
keep the nest from being overgrown with vegetation. Grasses growing up
through the detritus of the nest showed no signs of being attacked by
workers. None of the nests was found to contain freshly cut culms.

In order of decreasing frequency the thatch and detritus used in
F. oreas cnmptula nests were found to be composed of the following spe-
cies of plants: Kentucky blue grass, blades and culms; wolfberry
leaves; seeds of ash and elm; Juneberry leaves, decomposed or freshly
cut; dried fruits of Juneberry; bur oak leaves and occasionally twigs;
and smooth brome grass leaves and stems. Of all the material used,
freshly cut Juneberry leaves, which were found scattered over the sur-
face of nests, are of most interest. The cut edge was the same iIn each
case, serrate iIn appearance and crescent shaped. |1 never observed any
workers actually cutting pieces from attached leaves. Possibly, the
leaf cuttings were produced by other insects and then gathered by the
F. oreas comntula workers. IT not, the positive reaction or workeis to

Juneberry leaves remains a mystery. The leaves, as far as | was able

to determine, were used only as thatch.

culms and leaves mea:

of the largest material used was 4.1 an.

A .+ in Table 5 the build material may be separated into two

cater than
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2 mm in dinineter.

TABLE 5
PERCENT OF SAMPLE BY WEIGHT OF THATCH AND DETRITUS FROM SIX

F. OREAS COMPTULA NESTS LOCATED IN THE ECOTONE.

Nest Diameter > 37 cm Nest Diameter <37 cm
Mound # Thatch Detritus Mound # Thatch Detritus
1 36% 64% 4 38% 62%
2 34 66 5 30 70
3 31 69 u 36 64
Mean 33.7 66.3 34.6 65.3

In samples taken from the ecotone, the detritus by weight made up
about 66 percent of the material used in nest construction. There was
no significant difference between nests of different sizes.

A similar analysis was made of building material taken from nests

situated iIn grazed pastureland (Table 6).

TABLE 6
PERCE T OF SAMPLE BY WEIGHT OF THATCH AND DETRITUS FROM SIX

F. OREAS COMPTULA NESTS LOCATED IN GRAZED PASTURELAND.

Nest Diameter >37 cm Nest Diameter < 37 cm

Mound A Thatc) » Detritus Mound Thatch  Detritus
i - 49, 51% 4 48% 52%
9 /2 58 5 49 51
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This cluster was located on a terrace just above the floodplain.

As iIn the ccotone, detritus makes up the greatest amount of material,
having a mean percentage of 54.3. Again there was no difference be-
tween the two categories of nests. The increase in the percentage of
thatch over detritus when comparing the ecotone and pastureland material
can be attributed to the increase in the amount of soil particles used
in the nest of the latter. An average of about 7 or 8% of the thatch
material by weight was composed of angular particles of soil about 2

or 3 mm In diameter.

Population Characteristics

During Mound Growth

Major-Hinor Ratios

As described in the sections on mound morphogenesis and colony
reproduction, the nests were found to be interconnected by underground
trails. Only twd nests sampled during the seven year study period were
solitary and these were questionable cases. For this reason the data
obtained from samples of clustered mounds may not be valid if one attempt
to relate the obtained major-minor ratios to stages of mound growth.

Iit order to determine whether or not any relationship exists between
the major-minor ratios of F. oreas comptula and mound growth, a preli-
minary study was made by obtaining samples of thatch and detritus along
with attached workers from 8 mounds of various sizes. It was assumed
that the workers collected in this fashion would he a representative
sanple of the nest population. No collections were taken from nests
associated with stumps or logs. All nests were from a single cluster.

Tire thetel was collected from the surface of exch, mound to a depth of
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about 3 or 4 cn. The workers were then separated from the thatch and

measured 1ii.an anterior to posterior on the lateral, surface of the thorax.
A distinct separation between majors and minors was found to be between
2and 2.5 mm. On that basis, the majors were arbitrarily classified as
being larger than 2.5 mm and the minors smaller than 2.5 mm.

The results of these measurements are shown in Table 7. The per-
centage of majors and minors was not found to be predictable. In sample
number 5, a mound of average size, the majors were found to be 79 per
cent and the minors 21, while the largest mound® (sample number 1) had 71
per cent majors and 29 per cent minors. Lesser percentages of majors
were found in both small and large mounds. The mean percentage of major

workers for all samples was 57.4 and for minors 42.6.

TABLE 7
PERCENTAGE OF MAJORS AND MINORS OF F. OREAS GOMPTULA

AS RELATED TO MOUND DIAMETER.

% of Total Sample

Sample No. Mound Diameter Sample Size Majors Minors
1 80 cm 4 71 29
2 73 cm 128 42 58
J 70 cm 123 49 51
4 64 cm 114 56 44
5 56 cm 72 79 21
6 51 cm % 73 27
7 33 cm 86 37 63
S 30 cm 78 52 48
57 42.6

rodr-



DISCUSSION

The distribution of Formica obscuripes colony clusters within
the Forest River Biology Station and adjacent areas has shown the
species to ke. quite adaptable to varying habitats. Formica obscuripes
colonies were common both in the open pastureland adjacent to the
areas of stud\r and to the woodland habitat. Those colonies associated
with the latter were, more successful both as to population size and
density. No specific associations with vegetation types were noted.
Successtul colonization seemed to be directly related to the ability
of the colony to suppress the growth of vegetation encroaching upon
the mound. Habitats in which the dominant ground cover was smooth
“brore grass were usually lacking this species.

Although unsubstantiated by any direct analysis, grazing seems
to be an important factor iIn the establisnment and maintenance of
flourishing F. obscuripes colonies in this woodland habitat. In 1965

numerous colonies were found iIn heavily grazed pastureland of secuion

i.l, a haoitat very

onlv a
GunnE. aic Wl
in growth she tne aoljunat

Apparent such dense star

thereby eausing n-ion of the colon
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llic type of vegetation within the Immediate vicinity of the nest
plays an Important rcle in mound morphogenesis, especially ns It re-
lates to the structtue of Stage Il nests. Since the internal environ
ment of the nest iIs important t the care and growth of the brood,
the nest takes a form which is best suited to the conditions of the
habitat. In habitats containing rank vegetation or in some cases,

a high water table, the dome of the nest was projected upward; con-
versely, 1In habitats having good drainage and grazed vegetation, the
dome was scarcely above ground level.

Distribution of R\ obscuripes colonies does not seem to be re-
lated to soil types with the exception that no mounds were excavated
into soil developed directly over a substratum of sand or gravel.

Soil deposits or the underlying sediments did not affect the growth
cf the nest nor iIts structure except In those cases In vM/Z> the
nest was excavated iInto a clay deposit. The thatched dome of such
nests seemed to be more compact and the thatch material at least
partially cemented together by the adhering clay particles.

Mounds were found established on the sides of the Forest River
Valley having slope values in excess of 30 degrees, but not on slopes
having values over 40-43 degrees. Under these conditions. Stage Il
mounds were noticeably altered in form, having elongated thatch sur-
faces of about 8 to 10 cm in the direction of slope. Soil embank-
ments were usually lacking (apparently washed away during heavy rain-
faH).

The distribution patterns of F. obscuripes mounds fall within
three categor .us: the. random distribution pattern of isolated mounds

the uniform pattern associated with mounds of the prairie ana the
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clusters found within the woodland habitat.

Within the woodland habitat the importance of colony division as
a means of expanding territory Js obvious; however, the characteristic
pattern produced by colony division, i.c., mound aggregates, was not
observed within the prairie habitat. In Slope County, North Dakota,
a pasture of about 60 acres was found to contain 18 F. obscuripes
mounds. An analysis of the spacing of the mounds showed a definite
tendency toward uniform distribution suggesting that each mound was
totally independent, as to origin, from all other mounds. The dis-
tances between mounds was found to be in most cases greater than the
measured distances between known parent and bud mounds of the woodland
habitat. On this basis one may conclude that each mound was probably
founded by a single queen following the marriage flight.

Isolated and randomly dispersed Stage Il and Stage 111 mounds of
the woodland habitat were usually situated within habitats that would
not allow for expansion of territory. Such mounds were located in
the narrow ccotone between the forest and cultivated fields and in
small open areas within the woodland. As far as could be determined,
isolated mounds were beyond the limits of foraging trails ana known
limits of territorial expansion through colony division and in all

likelihood were not the result of this type oi colonisation.

Stage IT mounds were
and less commonly asse-

ance of being near extinct ion.
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Ilie observed differences between the prairie and woodland patterns
may bo rell--tod to the plant communities in which they are found and
the relationship oi these communities to the prevailing climate and
the seasonal short term variations which may occur. Bodenheimer
(1°58) stated that '“fat and meager' years with respect to insect
population were related to cyclic weather changes. However, as re-
lated to distribution patterns, the density-independent factors such
as climate and weather play only an indirect role and it is the
density-independent factors which determine the equilibrium of a popu-
lation. Accordingly, these factors may cause pressures within a
colony which would lead to variations in distribution patterns. For
example, during peak periods of growth, both with respect to vege-
tation and food sources, individual colonies may show a more rapid
growth In population than can be adequately maintained. Brian (1965)
indicated that temperature buildup within the nest, the inability”
to diffuse metabolic wastes of solids or liquids and the limitations
of nest size are density-dependent factors which tend to Bimit popu-
lations. Such factors may play a minor role in the prairie habitat
since the availability of food may limit the size of colonies, but
in the vroodland habitat seasonal fluctuations in the weather may pro-
duce optimal conditions during which time food may become abundant.
It is during this period of time when maximum growth in population
probably occurs and !Zo manifestation of this growth-may bo expressed
in the initiation of the colony division process. This would account
for the fact that colony division iIs a sporadic and unpredictable event

having been observed only during two out of the seven summers of the

study period.
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Ilhe effect that colony division has on the parent colony in not
at all cleat since the bud colony in its initial state has few workers.
It would seem that, this factor alone would do little to increase the

internal efficiency of the parent colony. In pleomctrotic colonies

the periodic release of queens along with workers would reduce the
growth of the colony, but in those mounds examined flourishing F.
obscuripes colonies have not been found to contain more than a
single queen.

The growth of F obscuripes colonies was indirectly obtained
through the extrapolation of data on mound growth over a seven year
period wiith the assumption (based on a number of actual counts) that
there was a positive correlation between population and mound size.
Because | found that the diameter of the thatched surface kept 1in
repair was proportional to population size, this factor was uti
in determining the growth curve.

The growth of F. obscuripes colonies was found to be typical of
that ascribed to all social insects by Bodenheimer (1937): @ the
initial period of colony foundation, () the period of expansion and
vigor, () the period of senescence and death.

Within incipient colonies, the growith rate observed during the
first season may be attributed to the few workers associated wita
the bud nest, although even during this period of time nest con-
struction proceeded at a rate greater than c—pt>.d. .,hm + .rst db
served, few workers, were iIn transit or engaged in the construction
of the nest. Following a period of approximately 2 to 3 weeks the
number of workers in transit between, the parent, and bud mound In-

creased dramatically and was accompanied by a correspondmg iIncrease
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in the rate of mound growth. Since the rapid growth was the result of
a cooperative eflort between the parent and bud mound, the growth rate
in this first phase was probably much greater than that of mounds
established by colonies produced by isolated queens.

7ate Stage 7 colonies were occasionally found to be polvgynous
or more commonly without queens. In the early Stage 1 phase of
development colonies were always found to be monogynous. Therefore,
it seems doubtful if queens played any role in the rapid growth of
the nest as experienced by young colonies.

The rapid increase in colony size which takes place iIn the second
and third year can probably be attributed to the wintering over of a
certain proportion of the worker population and the acceptance of a
fertile queen into the colony. The number of brood found in late
Stage T mounds was always quite large iIn comparison to oldc™ tnowd=.
In one actual Stage 1| count, the ratio between workers and brood was
approximately 2:1, whereas a Stage 1l count by Weber (1935) produced
a ratio of approximately 8:1.

In the third and fourth years the rate of growth slows to an
arithmetic rate of increase and continues until a plateau 1s icached
at about: 10 years. It is probably during this period that the colony
experiences optimal conditions both within the nest and the external
environment. However, the relationship between the queen, breed and
workers is one of. fluctuation since it is the Stage Il colony that
emit sexuals and responds to internal conditions leading to colony
division.

The final, phase of growth leading to the decline of the colony

may ne related” to an j.nlam" relationship bet_ALNeen an aging queen,
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brood and workers. Such factors as egg viability, care and feeding of
the _larval stages and general nest activities may be related to the
observed rapid decline of both brood and worker population iIn Stage
Il colonies. The decrease in population was also found to be
accompanied by a change in the ratio between major and minor workers
with the latter showing a significant increase. Marikovsky (1962)
stated that transitions iIn worker size may be related to different
phases of colonial organization designed to meet the complex re-
lationships which exist within the colony and the external environ-
ment; however, ratios which may be of benefit to a vigorous Stage
Il colony, may bring about an eventual collapse of social organi-
zation (i.e,, repair of nest, decrease in foraging activities and
care of brood) in the final Stage 111 phase of colony growth and
development.

Evidence concerning the relationship between mounds within a
cluster has iIndicated that the expansion of territory was through
the process of colony division. The degree of movement between
mounds, Inducement of communication within a cluster and number ot
queens observed In iIndividual nests suggest that the maturation o.
units within a cluster follows a predictable course of events.

Based on the findings of this study 1 propose the following sequence
as related to the founding of new colonies:

(O Following the marriage flight, a new colony is established

in virgin territory by a solitary queen.

(@ \Workers from the parent mound initiate construction of a

bud nest.

@) Once established, communication between parent and bud

colonies decreases to the point of occasional visiting.
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A lo.llowing the marriage flights one or several newly-
fertilized queens ore adopted into the bud colony,

(®) One or possibly two queens remain within the colony dur-
ing its lifetime. There iIs no evidence to suggest
secondary pleomctrosis.

The distribution of RN\ oreas comptula colonies within the Forest
River Biology Station and vicinity was found to be more limited than
that of obscurlpes. The nests of the former were not found iIn
the more shaded areas of the flood plain of the Forest River. None
was found in the heavily grazed areas of the ecotone or open pasture
land.

Without exception, all F. oreas comptula colonics, both within
the ecotone and woodland, were found to be associated with Kentucky

WU were usua-tly wxthxn iiisuuncc X
areas of the ecotone in which Juneberry, a shrub, was common.

When not constructed in logs, decomposing stumps or upright
trees, nests varied except as to size and to a lesser extent, the
material used. Nests situated in the undisturbed ecotone were
composed essentially of small bits of grass, xeaves, aii less con,m.
of partiai.lv decomposed leaves of herbs and shrubs. In haoitats
lacking dense grass mats, iIncreased amounts of soil particles were
used In the construction of the nest.

Permanent changes in nest form to compensate for undesirable
environmental conditions were not observed. Unlike K obscuri®vs,

F. oreas coimtula workers did not react to the growth or grasses

surrounding the nest or growing up through the detritus even though

such growth. -when excessive, caused shading which apparently was be-

yonc tnr- limit of tolerance. Under such le-rcumstances, nest con
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struction would sL.t in the direction of more favorable conditions
or the nest would be permanently or temporarily abandoned.

There is little evidence concerning the origin of isolated V.
proas aniptul.i colonies. Only one polydomous unit composed of three
incipient nests was found. However, even iIn this early stage multiple
queens were present. That F. oreas coraptula queens may establish new
colonies by temporary social parasitism is a possibility, but appar-
ently there is no record of the occurrence of mixed populations.

With the few exceptions cited earlier all F. oreas comptula
nests were part of a more or less integrated cluster. As was shown
by the movements of tagged workers, maintaining communication between
mounds within a cluster apparently becomes more difficult with in-
creasing distance. Within the F. oreas comptula cluster communication
(irons off- significantly if the distance is in excess of 15 nptp-rc from
the dominant or centrally located mound and may stop altogether for
distances bevond 40 meters. Within these limits, communication iIn
the tm,”, of visiting, transfer of pupae, and possibly cooperation in
nest construction attests to the fact that the F. oreas comptula
clusters are composed of nests which are not discrete but polydomous,
and that a single colony is repre~ented not by one nest but by all
nests which maintain communication within the cluster. A similar
relationship was found by Torossian (1960) in his studies of the
ant Dolichuderus quadripunctatus iIn which the polycalic colony was
composed of a number of 'calxes' each of which could develop with

time independent status but with a certain amount of brood and popu-

lation exchange,

§UCH a rej-ifon.snip Fiﬁﬁﬁ nests within a cluster may be the
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result of selective advantage. Scherba (1964) euggested that the
evolution of colony structure has produced polydomous*colonies from
ancestral single nest colonics. It is not knovn what selective
pressures may have brought this about but an advantage (as opposed
to the discrete colony of F. obscuripes) may be found in the ability
of the cluster to perpetuate itself. Over the past seven years F.
oreas conptula clusters were found to be highly stable as a complex,
but the individual units within the complex were not found to be so.

Most F. oreas comptula nests within a polydomous cluster were

polygynous, the largest colony having as many as 4 or 5 queens. Small
colonies of recent origin were found to be monogynous. As nests
continue to grow in size, additional queens are probably accepted into
the colony, possibly from one having a surplus or as a result of the
acceptance of fertilized queens following the marriage flight. In
this sense, F. oreas comptula colonies are immortal as opposed to

the discrete and limited life span of the FA obscuripes colony.

The following sequence is suggested as the prooable means by
which the polydomous colony of F. oreas comptula becomes established:
(@O Following the. marriage flight, a new colony is probably

established in virgin territory by a solitary queen.
Evidence that queens may form new colonies by temporary
social parasitism is lacking.

(@ Suecursal nests are constructed near foraging trai.is.
These may eventually become permanent structures upon t-c
adoption of a fertile queen.

(@ As nests grow in size, both with respect to structure and

population, additional queens are accepted into the colony.
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(@ Colonics which have become overextended ns to territory
occupied begin to fragment into subunits which may
eventually become isolated forming separate polydomous
colonies.

(®B) Provided that environmental conditions are not drastically
altered, mound clusters may be more or less self-perpetu-
ating in the sense that new construction and the adoption
of additional queens constitute a continuous process.

Formica obscuripes and F. oreas comptula appear to have allopatric
territories, although both species were found in what seem to be simi-
lar habitats. Even where clusters of the two species were within for-
aging distances of each other, 1 was not able to locate any overlapping
trail systems nor any foraging trails that were even in close proximity
to each other. While foraging areas are not usually defended, the
territory occupied by the polydomous units of Fk oreas comptula were
found tc be interconnected by underground trails and therefore may
be considered extensions of the nest. In such cases tte. defense of
colonies mav extend beyond the nests to the borders of occupied ter-
ritory .

Of the narrow prairie extensions located on the south edge of
the Forest River Valley, only one contained thriving F* cjZ._uripcs_
colonies, whereas three contained mound clusters of F. oreas comjnula.
The three prairie extensions in which F. oreas comptula colonies were
located were characterized by dense stands of Kentucky blue grass,
intermixed with a few forbs and shrubs. The prairie extensions in
which ¥%. obvuripes colonies were located were similar iIn some re-

spects but noticeably lacking in lodged end partially decomposed mats



110
of grass culms and leaves. Wolfberry was more common to areas of
established F. obscuripcs colonies than to those of F. oro.au comjptula.
It i1s questionable whether or not these minor variations in habitat
are significant enough to limit the distribution of either species.
It would seem more probable that whichever species was established
first In a habitat suitable to both, the other would be excluded.

On the terraces and floodplains, both species occupied very
similar habitats. Flourishing F. oreas comptula colonies were quite
abundant on the upper and descending levels of the terrace where
ground cover was greater and diminished in number of colonies as the
floor of the floodplain was reached. Formica obscuripes colonies
were found in small numbers on the terrace and increased iIn abundance
cn the floodplain. Apparently there was a narrow zone for which
both species would compete.

While gradients in vegetation are probably the deciding factors
in the separation of the two species, additional data on this aspect

are needed before any definite conclusions can be reached.

JImMmWVi»- A imh
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