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The red imported fire ant (Solenopsis invicta)(RIFA) is a major pest in the United
States, causing serious economic and human costs. This study explored the feasibility of
using digital aerial remote sensing in multispectral/multitemporal detection and mapping
of RIFA mounds. Comparison of photointerpretive mound counts versus ground control
counts was performed within two grass types, common Bermuda and tall fescue. Flights
collecting digital image data occurred at three intervals in 2009, with ground truth data
collected collaterally.
Poisson regression count modeling was first utilized for analysis of both datasets.
Moran's Index geospatial analysis was applied following the Poisson model. Outcomes
in this study from these models demonstrate their ability to robustly support studies for
tracking and control of RIFA or other pest populations. Additionally, in one location,
type of grass cover appeared to affect detectability of mounds between the two methods.
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CHAPTER I
INTRODUCTION
Human and Economic Impact of the Red Imported Fire Ant (RIFA)
The southern United States has suffered from the introduction of the South
American red imported fire ant (Solenopsis invicta) and has been witness to the
detrimental effect of its activities (Porter and Savignano, 1990; Hays et al, 1981). This
extremely aggressive and pernicious invasive pest has been documented extensively as
being responsible for damage to land, machinery and equipment and injury or even death
to livestock, pets and, on occasion, human beings (Sorenson and Vinson, 1986,).
Research efforts by USDA/ARS personnel (http://www.ars.usda.gov/research/
projects/projects.htm?accn_no=418205 ) and universities (http://www.ars.usda.gov/main/
docs.htm?docid=3610) throughout the range of the RIFA have been underway for a
number of years to document, analyze and attempt control responses for this pest in the
United States. These efforts have met with varying degrees of success. However, much
useful knowledge has been gleaned from them and forms the basis from which most
contemporary research efforts proceed. That being said, there are still significant gaps in
our understanding of the behavioral and environmental factors surrounding the
establishment, spread and behavior of this social insect.
Aside from the human cost of worry and inconvenience in the form of measures
taken to eliminate colonies from residential yards and other areas of human habitation,
there is a substantial economic cost in the form of chemical and application costs to
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check their spread into pasturelands, nurseries, highway rights-of-way and similar noncultivated open areas and environments (Southall, 2006). Their elevated nest mounds,
often obscured from view in tall grasses where cutting and/or mowing is occasionally
needed or practiced (i.e. pastures, hay fields and rights-of-way, lawns), have been a
continuous source of problems and expense to farmers, cattlemen and both private and
state entities who must perform scheduled maintenance or cutting of such areas. The
mounds are often of sufficient size and mass to damage or destroy all or parts of
machinery as these operations are performed. Aside from direct repair expense concerns,
this also creates lost time expense and productivity issues. As recently as the winter of
2006, researchers have estimated a total economic impact by the RIFA of more than 65
billion dollars throughout its known range in the southern United States (Southall, 2006).
In addition to these economic concerns, there are numerous instances reported
each year of people in various age groups being treated for the stings of this pest. This
species of ant reacts aggressively against any disturbance of its colony (Sorenson and
Vinson, 1986, Solley, et al, 2002). Only occasionally does anyone suffer the sting of a
single fire ant (Anderson, 2003). The most common scenario involves multiple stings
from multiple ants, generally (but not always) on the lower portions of the legs or feet.
As will often occur in instances of multiple insect bites or stings (such as honeybees,
etc.), there can be systemic reactions in the bodies of the victims to RIFA injury
(Prahlow, et al, 1998; Solley, et al, 2002). This type of reaction frequently takes the form
of anaphylactic shock that, in many cases that involve very young, very elderly or
allergically sensitive people, and can become life-threatening (Anderson, 2003; ClarionLedger, 2004). Examples of such deaths have been documented as recently as August of
2008 when the Orlando Sentinel reported on a fatality involving a senior citizen who died
2

from RIFA stings during flooding in Florida associated with Hurricane Fay (Mariano,
2008).
Utilization of the characteristics of a species life cycle as a means to control that
species is a well-known concept for insect pests (Metcalf, 1975). Therefore, if detailed
study of the colony environment and life-cycle of the RIFA, it is a reasonable hypothesis
that such studies could reveal a weak spot that may be exploited to their detriment.
The rapid expansion of the RIFA's range and presence is creating a need for
macro-scale approaches to mitigation and control of their spread. Over a large landscape,
one may think at first that satellite imagery would be useful, but this source, while
covering large areas in each scene, lacks the sufficient spatial resolution (Curran &
Atkinson, 2002) to accurately detect RIFA mounds. Most commercially available
satellite imagery (Quickbird, Ikonos) offers spatial resolution down to 0.5 – 0.7 meters
per pixel. In order to discriminate RIFA mounds from other background digital “noise”,
the image must be of a spatial resolution per pixel near the order of 3 – 6 inches per pixel
(Personal communication, J.T. Vogt, 2003). Cloud cover can render satellite images
useless within the temporal framework of mission requirements that are necessary to map
and track changes in the RIFA movement, dispersion, and density patterns. Low-level
flights in aircraft with current-generation digital sensors offer a rapid, temporallysensitive and generally cost-effective alternative for acquiring data to potentially meet
constraints for RIFA management using image-based geospatial analysis concepts. The
use of digital aerial imagery, or proximal sensors on ground-based vehicles, is a rapidly
expanding field of study for researchers in a wide array of disciplines. These kinds of
advances in remote sensing (RS) technology now allow dramatic steps forward in the
ability to analyze and interpret such georeferenced sensor data far more widely and
3

effectively. This, in turn, supports decision-making directed toward mitigating and
containing the negative effects of detrimental pests like the RIFA in our society.
Previous studies targeted aerial image-based detection and mapping of RIFA
mounds, but these only addressed detection and/or mound counts to assess population
density and spread within the context of a single grass or cover type (Green, 1976,
DeFauw, 2007, Vogt, 2004). The earliest of these studies used traditional film-based
aerial photographic techniques (Green, 1976) while the remaining two cited used digital
imaging. However, none of these three studies were able to develop a model for rapidly
photointerpreting RIFA mounds in the imagery. Further, these studies were limited to
one particular grass type. To date, the literature has yielded no comparative studies on
detecting RIFA mounds across different grass types. Perhaps an improvement on these
earlier studies would be to employ more current digital aerial imaging technology and
techniques then more fully apply their capacity to record spectral reflectance within
discrete bands (Red, Green, Blue, and Near Infrared; Rinker, 2002). This current study
intends to use digital aerial imaging and field ground truth data collections to develop a
body of knowledge that could be potentially useful in developing a model for detecting
RIFA mounds in east-central Mississippi pastures.

4

CHAPTER II
RESEARCH OBJECTIVES
Objectives
1. The overall goal of this project was to test the capability of digital aerial imaging
to detect RIFA colony mound locations using the following specific objectives.
The comparison of imagery and ground truth data was stratified across three
farms for two different field conditions (fescue and Bermuda grass types) for
analyses by count model regression methods (Long, 1997). The specific
objectives of the study are as follows: First, to capture aerial digital imagery of
fields infested with the RIFA. Then, using photointerpretive techniques, mounds
were identified and spatially located from the imagery. Imagery was flown
during spring, summer and fall seasons of 2009 to examine the feasibility of
detecting mounds during these different time frames. Ground truth collections of
RIFA mound locations in all test fields were performed in the same sampling
buffer circles used in the photointerpretation on the selected sites. Using the
photointerpretive count results and comparing them to the collected ground truth
counts, levels of probability were derived to support the question about what
effect, if any, the grass types presented in the detection of mounds. The ground
location data was statistically compared against the mound locations data derived
photointerpretively from the imagery.
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2. For the second objective, the data from the imagery mound locations was
examined against the ground truth mound location to determine if there were
similarities in abundance and dispersion. From the findings of this study, basic
knowledge was gained that may help lead the way to development of an
automated method of detection.
3. The third objective was application of spatial statistical software, with particular
focus on the use of Moran’s Index, as a means of method comparison between the
photointerpretive mound locations and the ground truth mound locations. A focus
of this objective was to determine if a model, based upon photointerpretive
constructs, could be used.
Hypotheses
The main hypothesis holds that fescue, being a grass that historically grows taller
and more rankly in the area of study, will present a more difficult environment, compared
to the Bermuda grass, within which to see and accurately extract the RIFA mounds. A
second hypothesis is that the vegetative halo effect (Green, 1976) around the ant mounds
will significantly assist the researcher in determining which features in the imagery are
indeed RIFA mounds. The null hypothesis holds that an equal number of mounds will be
detected and spatially co-located by photointerpretation and ground truth, but the overall
numbers should be lower for the fescue fields

6

CHAPTER III
LITERATURE REVIEW
General Background and Economic Impact
Introduction and Early Spread of the RIFA
Most of the extant literature regarding the RIFA has focused predominantly on
four major areas of interest: (1) ant colony (mound) structure, placement and change, or
impact on the surrounding environment, (2) communication and behavior of and within
the colony itself, including mating and multi-queen colony trends, (3) the economic and
societal impacts of the RIFA on humans and/or their environment and (4) methods of
containment, control or localized eradication.
The earliest literature on the subject of the RIFA and its characteristics (prior to
1960) is sparse and, occasionally, conflicting between some researchers regarding the
taxonomy, biology and behavior of this species. One of the more dependable works from
this period was done by W. S. Creighton in 1930 to consolidate the 16-odd subspecies
recognized at the time into 8 subspecies to help eliminate some of the confusion
(Creighton, 1930). E.O. Wilson released a work in 1951 dealing with the variation and
adaptation of the RIFA (Wilson, 1951). In this paper, he reported that local anecdotal
evidence placed the appearance of Solenopsis invicta in the Mobile, Alabama, area as
early as 1918. However, recent research stated it was the black imported fire ant,
Solensopsis richteri, that made this early appearance with S. invicta showing up later,
possibly as late as the 1930’s (Sorenson & Vinson, 1986). Misidentification of and
7

between the various imported and domestic fire ant subspecies led to a new and extensive
revisionary work in the early 1970’s by Dr. William F. Buren of the Centers for Disease
Control and the University of Georgia to clarify and simplify the standards for
identification of each (Buren, 1972). This work by Dr. Buren still stands as the
preeminent and definitive standard for identification.
Biological Environment of the RIFA
The fact that ants are thermophilic guides them in the creation and structure of
their nesting environments (Hölldobler & Wilson, 1991). Practically all ant species live
and function within a general temperature range between +10° Celsius and +50° Celsius
(Hölldobler & Wilson, 1991). In the case of many subspecies (including the RIFA), they
construct their nests within a subterranean environment to take advantage of the fact that
temperatures and humidity generally, in temperate climates, do not fluctuate greatly once
a depth of only a few inches is achieved. The relatively stable microclimate favors their
need for the creation and management of microenvironments compatible with their
physiological requirements (Hölldobler & Wilson, 1991). Since the requirements of
temperature and humidity vary for larvae, pupae and adults, most ant nests will have at
least three distinct microenvironments suitable for each (Hölldobler & Wilson, 1991).
The RIFA follows this general pattern and, unlike many ant species that simply tunnel
into the ground and eject debris, are true mound builders.
The RIFA Colony Mound
The internal structure, extent and shape of the above-ground mound portion of
their nests has characteristics of shape, size, slope, external crusting, solar orientation,
etc., that reflect its role in temperature and humidity regulation. The type of soil the nest
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is located in and the depth of the water table under the nest will affect the diameter and
depth of the nest. Typically, an RIFA mound will be roughly circular (though some
multi-queen mounds can appear uneven and odd-shaped) with diameters from a few
inches across to a couple of feet. The average diameter in most southeastern U.S. soils
falls between one to two feet. The shape of the mound is generally conical in shape
(occasionally ellipsoidal on a north-south axis in North America, (Hubbard &
Cunningham, 1977), except for those built opportunistically against natural or manmade
structures, such as stumps and tree trunks, rocks or fence posts. The RIFA will always
take advantage of soil conditions where easy downward access is available due to
disturbed or loosened soil. The north-south axis orientation has been postulated to be
desirable as a mechanism for maximum capture of lower-intensity morning and evening
solar radiation, maximizing warming within the nest throughout the day, (Hubbard and
Cunningham, 1977). A mound, if left undisturbed, can easily reach heights over one foot
tall. As a general rule, mounds that exceed this height are said to reflect the presence of a
fully-matured colony, which generally requires a year or more to develop (Sorenson and
Vinson, 1986).
Although crucial in its function, the visible mound is the smallest portion of the
nest. Mounds have been observed and measured, including descending galleries, to reach
depths between four and six feet below the surface in the southeastern U.S. The entire
nest, including the mound, is a complex structure of galleries, chambers and passageways
that vary in depth from several feet below the surface to a few centimeters below the
surface, the latter depth most commonly found in the case of access passages used for
outside foraging and the former applying to passages and galleries in and beneath the
mound itself. The access passages generally extend outward a few feet at most, but at
9

least one nest has been found to have an access passage that surfaced 132 feet from the
nest itself (Sorenson & Vinson, 1986).
A single colony of RIFA is not necessarily limited to only one above-ground
mound structure. A single colony may have an interconnected complex of two or more
nests, each having its own mound for environmental manipulation of each nest’s internal
conditions. The nests of any one colony will generally be in close proximity to each
other, on the order of ten to twenty feet, but can be farther apart as conditions warrant.
Nor are these mounds and their locations permanent. Without human or other destruction
or damage to the mounds, the ants themselves will often allow existing mounds to decay
after a period of time, move over a number of feet or yards and build a replacement
mound above a new nest site. They may also occasionally reoccupy a previously
abandoned mound site and rebuild it. A study of the near cousin to the RIFA, the black
imported fire ant (Solenopsis richteri), was done in the native South American range of
both species and recorded a cycle of mound movement with a time period of about once
every three months (Briano, et al, 1995 ). Dr. J.T. Vogt, formerly with the USDA's
Biological Control of Pests Rearing Unit (BCPRU) based at the Delta Research
Experiment Center (DREC) in Stoneville, Mississippi, observed and tracked RIFA
colony mound relocation in North Mississippi. His findings indicated an average of nine
months cycle for mound location change (personal communication, 2007).
The RIFA is one of the few mound-building ant species that will often have a
majority of the colony’s population occupying the mound structure itself, at least during
certain times of the day and particularly when exposure to the sun’s heating of its surface
creates an appropriate temperature range for the larvae (Hölldobler & Wilson, 1991).
Opening one of their mounds, especially on a cool spring or fall day, will reveal large
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numbers of workers frantically moving similarly large numbers of larvae from a level
only an inch or two beneath the mound’s surface, while hundreds of other workers rally
to attack the invasion of the nest (Sorenson and Vinson, 2003, Solley, et al, 2002).
Early reports and research observations about RIFA colony establishment, growth
and spread indicated colonies were always found having only one queen, referred to as
monogynous colonies. Since 1973, colonies having more than one queen, referred to as
polygynous colonies, have been reported to not only exist but appear to be increasing in
both range and frequency of occurrence in most portions of Mississippi (Glancey, et al,
1973). Two significant findings of subsequent study regarding this trend are that mound
densities per a given area are much higher for polygyne populations compared to
monogyne and (possibly because of this increased density) a greater disruption of native
arthropod or other indigenous vertebrates and/or invertebrates occurs (Porter and
Savignano, 1990). The ability to consistently detect, track and catalog this particular
aspect of the larger RIFA problem is highly desirable and needed within the overall
question.
The presence of the RIFA and its colony mounds has also been found to have an
impact on soil chemistry and structure. A number of works have yielded similar general
findings to the effect that the presence of RIFA mounds in various soil environments,
from woodlands to pastures and farmland, results in changes in soil nutrient levels, bulk
density levels, horizon penetration and mixing as well as rates of aeration, permeability
and infiltration. Several researchers have observed that analysis of the mound soil itself
usually reveals a pattern of soil mixing by the ant workers. This is manifested by the
presence, in soil classifications having predominantly clay subsoils, of more clayey soil
material that appears to have been brought up from the deeper layers of the nest, often
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from well below the initial soil horizon (Green, et al, 1998, Blust, et al, 1982, Hays, 1959,
Herzog, et al, 1976). Their observations were variable and occasionally contradictory
when loamy or non-clay soil types were present at a given nest site. Regardless of soil
types, these efforts all generally agree that soil density within the mound itself was
modified from the surrounding undisturbed soil, with substantial increases in rates of
aeration and water/nutrient infiltration due to, in some cases, dramatically increased rates
of permeability (Dunn, 1989). A study of Sharkey soils contained in an early 1980’s
master’s thesis indicated an elevated presence of the key plant nutrients phosphorus and
potassium within the mound structure itself, when compared to undisturbed surrounding
soils. Elevated levels were found to persist when sampling of the same locations was
done a year after elimination of the nests within the study site (Blust, 1981). An earlier
study of Louisiana pasture soils also indicated clearly elevated amounts of proteins,
carotene and phosphorus within the tissues of the grass found growing on the mounds
themselves, along with significantly higher pH levels within the mound soil, indicating
the types and degree of impact the ant colonies have on soil fertility and general soil
characteristics when the ants are present (Hertzog, et al, 1976). Similar studies of these
same general characteristics and values that have been conducted in other locations
throughout the range of the RIFA generally tend to confirm these findings and trends,
with most variances or contradictory findings attributable to differences in the soil types
the ant colonies are occupying or other environmental factors (Carlson and Whitford,
1991). These variances notwithstanding, the authors of the existing studies related to soil
chemistry/characteristics and the impact of the RIFA on them are consistent in their
agreement that the tendency of the RIFA to move mound locations has the potential to
completely change the soil chemistry and physical characteristics in any particular
12

location, at least at the field level, given enough time. A more recent published study on
ant mound effects through bioturbation in turf grass was performed in north central
Mississippi and supports this concept of soil chemistry changes and modification by the
presence of the colony mounds (Defauw, et al, 2007).
Remote Sensing in Vegetative Environments
Remote sensing via aerial imagery, including visible and non-visible wavelengths
analysis, has been around since the First World War (Rinker, 2002). As early as 1929,
research at Texas A & M showed aerial remote sensing to be effective and worthy of
further development in the study of root rot disease losses in cotton (Taubenhaus, 1929).
Throughout the 1950’s, 60’s and 70's, aerial remote sensing made significant strides
forward. With the development of space exploration, the age of satellite-based remote
sensing was underway, including the development of true multiband sensor packages.
One of the most widely used platforms developed during the 1980's was the LandSat
Thematic Mapper (TM). With six bands in reflected solar energy and one band in the
thermal range of the electromagnetic spectrum (EMS), comparisons band-to-band began
to allow rapid development and expansion of detection and analysis methodology and
techniques, including deeper and wider understanding of vegetative covers and their
responses within the EMS (Rinker, 2002).
Modern experience with remote sensing has demonstrated that practically all
vegetative response and reflectance of electromagnetic radiation (EMR) occurs between
400 and 2500 nanometers (nm) wavelength, which incorporates most of the incident
radiation found within the solar spectrum and is, therefore, the most useful in detecting
vegetative qualities or properties related to vigor, stress, pathogenic presence or disease
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(Goldberg, 1998, Carter, 1993). The most common and widely used configuration of
multispectral imaging sensors have three or four cameras equipped with bandpass filters
and generally collects reflected EMR in the blue, green, red and, in some systems, near
infrared (NIR) wavelengths. The NIR band, generally accepted to be between 790 and
1300 nm wavelength, is particularly useful in revealing physiological properties of
vegetation.
Analysis of change, physical characteristics of shape or size, vigor and
classification of vegetative covers captured in satellite and/or aerial-based digital imagery
has developed almost exponentially over the last few decades. Analysis of such
properties has primarily focused on three main methodologies: (1) pixel-based concepts
and procedures utilizing the reflectance values of the individual pixels, (2) visual
interpretive analysis and classification and (3) object-based detection /classification
(Desclée, et al, 2006). A major area of study has been the creation and application of
automated detection/classification models that can apply individual pixel values against
user-defined criteria and limits. An example of such is the creation of
calibration/threshold models, using selected standard deviation values to eliminate
outliers in the data, resulting in the detection, recognition and classification of desired
objects, shapes or other physical characteristics. A study utilizing this type of modeling
explored application of the model to the question of single-variable versus multi-variable
analysis of multiband imagery and found that the multi-variable model yielded a higher
degree of detection and accuracy (Im, et al, 2007).
Not all such modeling is exclusively pixel-based. A 2006 study using objectbased statistical multitemporal analysis of forested areas achieved high degrees of change
detection accuracy when compared against known pixel-based and physical inventory
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reference data. In this context, an object within the image is defined as a group of pixels
having identical reflectance values while being physically adjacent. The authors of this
study make the observation that object-based analysis allows the combining of the visual
environment, which achieves strong use of the contextual aspects of the imagery, with the
quantitative objectivity of pixel-based image analysis, thereby applying the strongest
characteristics of both while having the statistical mechanisms, i.e., iterative trimming,
available to remove or exclude outliers or “noise” in the data (Desclée, et al, 2006). A
separate study that follows up on this work was performed on land cover (rain forest) in
the Rondonia state of Brazil. Whereas the Desclée study had used imagery having an
annual temporal spacing, the authors of this new study applied the same basic concepts to
daily SPOT S1 images, taken in 2001 and 2004, to determine if this methodology was
robust enough to accurately and reliably detect change at such a high rate of temporal
resolution. Detection outcomes as high as 91% were achieved by this study, though the
authors acknowledged a significant level of omission errors (Bontemps, et al, 2008).
At least one unique study encountered by this investigator used combined objectlevel and pixel-level multitemporal LANDSAT data analyzed within a rule-based, multistep environment utilizing “fuzzy” logic software to detect, recognize and classify
landcover in a portion of the Welsh mountains of Great Britain (Lucas, et al, 2007). An
intriguing concept, it could possibly be applied within a microscale environment such as
this study is addressing, but it has so far been applied only in macroscale situations. A
recent study that relates more directly to this study involved image-based RS use in
Missouri on public and private pasturelands to detect, differentiate and document the
extent of invasive sericea lespedeza (Lespedeza cuneata) within the study sites (Wang,
2008).
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Multispectral RS Application to Insect and RIFA Populations
Both indicative and predictive insect behavior and impact can be demonstrated
through the use of multispectral RS. Previous studies have shown that spider mite
damage and stress in cotton as well as aphid infestations in wheat are easily detected and
quantified using such methods (DeTar, et al, 2000; Riedell, et al, 2000). These
researchers found that the effects that were observable were the direct result of the
insects’ interaction with the plants themselves. Given the above-noted and documented
effects that the RIFA has on soil chemistry and increased availability of key plant
nutrients in or around the mound structure itself, it stands to reason that observable
increased plant growth and vigor may be present near and/or on the mound locations of
RIFA. In fact, one significant finding derived from the use of aerial multispectral sensors
over RIFA colonies was the frequent detection of a vegetative “halo” partially or fully
surrounding the base of some visible RIFA colony mounds. This phenomenon was most
especially prominent within portions of the NIR band of the light spectrum (Green et al,
1972; Green, 1976). In these studies, the halo serves as a unique signature effect to help
confirm that the feature it surrounds is, indeed, a RIFA mound.
Usage of this methodology in the investigation, tracking and cataloging of insects
in general and the RIFA in particular only dates from the early to mid-1970’s (Green,
1976). Though still somewhat limited, literature on the RIFA regarding the use of remote
sensing (RS) techniques, particularly aerial imagery, indicates several intriguing possible
avenues of application and study.
So far as this study is concerned, the avenue of inquiry it pursues revolves around
the following question: Does the type of pasture grass cover the mounds are located
within affect our ability to detect the halo phenomenon, structural shadow, bare soil of
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the mounds themselves or other physical features of the mounds and use these
observations to our advantage to accurately locate and catalog the colony presence,
densities and spread of this pest?
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CHAPTER IV
METHODS AND PROCEDURES
For the purposes of this study, one grass monoculture will be common pasture
Bermuda. The second type will be tall fescue grass located either adjacently or in
sufficiently close proximity to minimize effect due to major changes in soil type or
topography that might skew or distort the data. The study fields are located on the
Mississippi Agricultural and Forestry Experiment Station (MAFES) unit located at
Prairie, Mississippi in Monroe County (see Figures 4.2 & 4.3), on a private ranch also
located in Monroe County, Mississippi (See Figure 4.4) and on the Mississippi State
University South Farm, (Figure 4.5). On each of the individual target figures shown, the
buffer circles established for the study are shown. Table 4.1, shown below, is a summary
of the timeframes in which data collection flights were made over the test sites.
Table 4.1

Data Collection Sites and Collection Time Frames
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Figure 4.1

Regional Map of Study Area
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Figure 4.2

MAFES Prairie Station, Monroe County, Mississippi, North Field, Fescue
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Figure 4.3

MAFES Prairie Station, Monroe County, Mississippi, Bermuda

Both fields are located in the extreme southeast corner of the Prairie Station and
are separated only by a service road. The north field slopes very gently from west to east.
As it appears on the page, this is from left to right. Slope percentage is less than 2
percent throughout the field. Its soil type is uniformly classed as Brooksville silty clay or
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BrA soil type. The northeastern one-third of the south field is also BrA classification,
with the southwestern two-thirds almost evenly split between Brooksville silty clay with
a 2 – 5 percent slope having a soil classification symbol of BrB and Houlka silty clay or
Hc. The Hc area comprises basically the entire foot of the slope and encompasses the
southernmost pair of buffer circles in the field. This field slopes from northeast to
southwest or top-right to lower-left, as seen on the page.

Figure 4.4

Smith Ranch, Monroe County, Mississippi Bermuda, West Pasture/Fescue,
East Pasture

The study fields for this site are in the western side of the image and the eastern
side of the image. The eastern field is the tall fescue field. It slopes from south to north
or bottom to top, as shown on this view. The degree of slope is between 2 and 5 percent.
The predominant soil type in the southern and more elevated portion of the field is
Houston clay, symbol classification HoB2. The northern, flatter portion is part of the
22

flood plain of nearby Fuller Creek (not shown) and is composed of Leeper silty clay,
symbol classification Lp. The western Bermuda field is almost completely composed of
Vaiden silty clay (symbol VdB2), also having a 2 to 5 percent slope running from left to
right in the image or northwest to southeast. A small portion of the bottom-center area of
the field is Houlka silty clay, symbol classification Hc. This area is negligible in size and
impacts only a portion of one buffer circle, if any.

Figure 4.5

MSU South Farm, Oktibbeha County Pastures 4, Fescue and 5, Bermuda

The northernmost (and darker red) of the two pastures in Figure 4.5 is Pasture 4
on the MSU South Farm, located adjacent to the main Starkville campus. This pasture
contains tall fescue. The lower or southern field of the pair is Pasture 5, containing
common Bermuda. These two pastures have the greatest amounts of physical relief and
topographic variance of any fields in the study. Soils are a mixture of Oktibbeha soils
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(OtE3, 8 – 17 percent slope), Boswell fine sandy loam (BoB, 2 -5 percent slope), Kipling
silty clay loam (KiB2 and KiC2, 2 -5 and 5 – 8 percent slope, respectively), Houston silty
clay (Ho, less than 2 percent slope), Catalpa silty clay loam (Cp, less than 2 percent
slope), Savannah fine sandy loam (SaB2 and SaC2, 2 -5 and 5 – 8 percent slope,
respectively) and Marietta fine sandy loam (Mt, no slope). These pastures undulate
steadily downward from the high western crest, to the left side as viewed, to the alluvial
flat of Catalpa Creek (partially shown) on the far eastern side along the diagonal service
road partly visible in the image along the right side of the view shown (Soil map source:
Natural Resource Conservation Service (NRCS) Web Soil Survey website).
Aircraft and Sensor Platform
The primary method utilized for collection and assessment of the mounds and
their accompanying halos was aerial-based, multispectral high resolution digital imagery
The particular sensing platform used was the 4-band (R,G,B,NIR) Geoscanner system
(see Appendix), with companion proprietary post-flight processing software, developed
by Geovantage, Inc., of Swampscott, Massachusetts, mounted internally in a Cessna 172
aircraft. This sensor/aircraft package has been utilized by USDA/ARS/BCPRU
researchers on four different projects investigating the RIFA, on as many different sites in
central and eastern Mississippi, from 2004 through 2006. It has proven capable of
producing the visual and spatial resolution required by these researchers to support these
projects. Typical pixel resolutions were consistently produced in the 3 – 9 inches per
pixel range.
Each of the four cameras has a ½” charge-coupled display (CCD) array yielding
imagery having effective picture elements of 1392 horizontally and 1040 vertically per
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frame. The red, green and blue cameras are filtered to have a centered peak sensitivity
of 650 nm, 550 nm and 450 nm, respectively, with a response width of 40 nm either side
of center. The NIR camera is filtered with a center of 850 nm and a spectral response
width of 50 nm either side of center. Focal length on all four cameras is 12mm, with a
Field-of-View (FOV) of 33.0 degrees crossrange and 21.1 downrange. Standard
downrange overlap is 30% and sidelap is 20%.
Tilt distortion of the airborne platform is corrected during post-processing by
“backing out” (reverse calculating) the degree, direction and rate of deviation from level
using data from a defense-grade inertial measurement unit (IMU) built into the main
camera unit in immediate proximity to and along the visual axis of the cameras
themselves. The accelerometers of the IMU record measurements of roll, pitch and yaw
at a rate of 110 samples/second. Lens distortion is removed by deconstructing the raw
images into their individual pixels then ray-tracing pixel-by-pixel onto a pre-loaded
United States Geological Survey (USGS) Digital Elevation Model (DEM) covering the
extents of the captured imagery.
During flight, GPS data was captured and recorded on board the airborne platform
at one-second intervals. The post-flight processing includes online download of positioncorrecting data from six or more stations of the Constantly Operated Reference System
(CORS) within 150 miles of the target. By performing comparative calculations between
the CORS and airborne GPS data, spatial accuracy is enhanced dramatically.
The two distortion removal processes and the CORS-based spatial adjustment to
the GPS data normally yield georeferenced individual frames, without the need for preplaced and surveyed ground control targets. The frames are then used to construct a
similarly corrected and georeferenced seamless mosaic of the entire area, with
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appropriate spatial resolution. However, since the DEM used did not have pixel
resolution within its structure equivalent to the spatial resolution that the sensor units
produce, it was unusable for creating orthorectifed imagery. No suitable alternate DEM
having pixel-to-pixel resolution was available, so multiple pseudoinvariant features
within each Region of Interest (ROI) captured by the sensor fulfilled the function of
ground targets. These features were used to support georeferencing of the frames and
mosaics, instead of using the automated processes within the sensor package software.
These features were surveyed for their coordinate values in Universal Transverse
Mercator (UTM), Zone 16 North projection using the Crescent A100 DGPS ground-truth
equipment noted below. The comparison of the survey values of these features to their
coordinates in the image frames confirmed that the georeferenced frames were suitable
for the purposes of the study. The dataset of frames is fully duplicated in both RGB
natural color and false color NIR. All produced imagery is 12-bit format.
An owner and operator of this unit, GeoData Airborne Mapping & Measurement,
Inc., based here in Mississippi at the Ackerman-Choctaw County airport was the vendor
used to collect the imagery analyzed in this study.
Ground Truth Collection
To enable a comparison of mound count methods, a program of ground truth data
collection was designed and executed for the study. Ground truth observations of RIFA
mound coordinates were taken on each site no more than one week before or two weeks
after each flight, except for the second collection pass and the first baseline flight. Due to
personnel scheduling conflicts, this collection occurred three weeks after its companion
data flight.
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In each pasture, two lines of 0.061-hectare sample buffers were established
around visually chosen centroid points, beginning at the highest elevation of each line on
a slope downhill of that elevation and at the foot of the slope with no sample buffer
nearer than 30.48 meters to any other buffer. The buffer were circular, having a radius
(r) of 14.0 meters. This radius value was determined by the formula,

, where

A = 4046.85 square meters, the official value of 0.405 hectares. Plugging numeric values
into this formula calculates as follows: 0.15 X 4046.85 square meters = 607.03 square
meters. Dividing this result by the commonly accepted value of 3.1417 for π yields
193.22 meters, representing the value of r2. Taking the square root of this number yields
a radius value of 13.9 meters which, for field purposes, is rounded to 14.0 meters. This
radius was established on each buffer using a professional surveyor’s tape from the point
of each buffer centroid, as shown by the GPS unit.
Ground control features, such as posts, tree stumps, and snags, were used to
estimate the georeferenced accuracy of the imagery among several acquisition dates.
Similar steps were employed for the GPS, sub-meter backpack unit (Crescent A100
Differential Global Positioning System (DGPS) receiver, Hemisphere GPS, LLC of
Calgary, Alberta, Canada, coupled with the TDS Nomad) to also estimate the
georegistration accuracy of that unit.
The first set of ground-truth data collected on site, following the first aerial pass
designated by the collection schedule, included visual inspection of the tops, sideslopes
and bottoms of each target area to verify the preliminary image flight buffer choices and
ensure that, at the time of this first collection flight, sufficient numbers of colony mounds
were present within each buffer for a valid sample. Photointerpretive assessment of the
initial April, 2008, imagery yielded what appeared to be mound densities of 6 – 14
27

mounds visible within representative buffer circles superimposed upon the base image
layer. Recorded mound counts fell between 4 – 15 mounds during the first ground-truth
sweep. Therefore, no centroid adjustments of the buffer circles were needed to ensure
sufficient colony mound populations were contained within the buffers. These permanent
centroids were then marked with survey flags to allow physical recapture of the same
points for the subsequent ground-truth collections. Additionally, the GPS coordinates of
the centroids were recorded as Universal Transverse Mercator (UTM) pairs of easting
and northing values and maintained against loss of the flag markers, which proved to be
the case on each of the three sites and on almost every buffer location. Having the
coordinates recorded, to at least one-hundredth of a meter(1/100m), as observed on the
readout of the Global Positioning System (GPS) unit utilized, made accurate and
consistent recovery of the centroids during each ground-truth pass a non-issue.
GPS Ground Truth Equipment and Procedures
Collection and recording of the permanent centroids during the first ground-truth
pass was done using a Lowrance Airmap1000 GPS receiver unit. This is a consumer type
of GPS unit. It is a 12-channel, Wide-Area Augmentation System (WAAS) capable unit
that can have single-digit (meters) accuracy, but generally is only accurate within a few
meters. Subsequent ground-truth collection sessions utilized the Crescent A100
Differential Global Positioning System (DGPS) receiver, manufactured by Hemisphere
GPS, LLC of Calgary, Alberta, Canada, coupled with the Trimble Nomad 800 field
collection computer/recorder system. This system combination is also a 12-channel
system, utilizing 10 channels when functioning in Satellite-Based Augmentation System
(SBAS) mode. In SBAS mode, this system is capable of accuracy within 60 cm, plus or
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minus. Anticipated lack of availability of the Crescent/Trimble system during the first
collection, coupled with severe time constraints, made it necessary to use the Lowrance
unit for the first collection of centroids.
The Crescent/Trimble system’s very high accuracy allowed it to be used to record
individual mound locations within each buffer on subsequent passes, after each flight,
negating the need to use the azimuth and coordinate geometry methods on each
subsequent collection pass. Once again, the collection of mound locations within each
buffer circle began at the point of magnetic north, as shown by a hand compass, and
proceeded clockwise until the full circle was completed. The surveyor’s tape continued
to be employed to ensure buffer radius integrity. On each pass, regardless of the method
used, ground location coordinates of mounds within the buffer were logged. These
location coordinates were also compared with coordinates taken from the imagery of the
same buffers to document whether or not acceptable spatial accuracy and consistency of
mound identification from the imagery exists.
Time Frame and Schedule of Data Collection Flights
Previous researchers have determined that colony activity, or the lack of it, has an
impact on the size and appearance of mounds and their associated halos (Vogt, 2004).
This activity, as has been previously mentioned, is largely driven by environmental
conditions of moisture, temperature, etc., resulting in seasonal variability in the accuracy
of detection of the mounds and halos from aerial imagery (Green, 1977). Given the
findings of these studies, it appeared that the greatest consistency of detection and
accurate classification of the colony mounds and halos was to be expected during the
winter months on into the month of May. Since terrestrial plants most easily resist
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damage from or recover more quickly from damage due to frost or freezing when they
have greater amounts of moisture and nutrients, the colony mounds would provide a
reservoir of these critical elements in immediate proximity to the mounds, hence the more
frequent and clearly visible occurrence of the halo effect during cold weather. Similar
logic applies to the springtime rains of March-May. The grasses in immediate proximity
of the mound will more quickly and fully enjoy the enhanced permeability of the adjacent
soil within the mound, allowing more complete and rapid penetration of moisture and
nutrients, as compared to outlying grasses, and would be expected to respond more
vigorously and quickly, again yielding a clearly visible halo for detection and
quantification. This time period also correlates to the time of expected increase in colony
population and increased activity, which would tend to enhance the effect.
Unfortunately, while the winter months may be the easiest time to detect the halos, it is
also the time of the lowest level of colony population and activity. Since a central theme
of the study is to monitor and map mound colony density, it is reasonable to conclude,
and is supported by the preponderance of the literature, that the greatest changes in
density will occur during the time of greatest colony activity and population. This
generally occurs in the spring through early fall period. Therefore, the collection of flight
and ground data was limited to this time frame.
Data collection overflights of the aforementioned sites were made at a resolution
of 0.125 meters/pixel, which required overflying the target areas at an altitude of 304.8
meters Above Ground Level (AGL). The first flight collection, intended only to prove the
basic aerial collection concept and establish a “baseline” of mound presence, occurred in
April of 2008 when the first “flush” or early resurgence of vegetative activity began in
the spring growing season. The data collected served to assess the general concept and
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allow investigation of a pixel ranking concept prior to actual field use as well as allowing
layout of the test targets.
Given what was known about the most likely seasonal window(s) for accurate
detection and assessment of the mounds, the first analytical data collection pass occurred
in late March, 2009, as the first spring vegetation appeared. The second collection
followed in late June, near the peak of colony population and activity. Weather, aircraft
availability, personal schedule conflicts, etc., combined to delay the third and final pass
until mid-October, 2009. However, mound densities were still quite sufficient for the
purposes of the study.
Coordinate Geometry (COGO) Ground Truth Method
Once permanent establishment of the buffer centroids was accomplished, ground
collection of the first pass ground truth data began. It had been planned that the highaccuracy GPS-based equipment mentioned earlier would be available and utilized for all
of the ground truth capture. Unfortunately, this equipment had not arrived when the time
window opened for ground truth collection related to the March, 2009, imagery collection
flight. Although mixing methods of ground collection carried a level of risk for error,
employing another collection method would at least produce something that would
hopefully prove usable. In the face of possibly having no ground truth data for Pass 1, it
was decided that the risk to use an alternate method was the lesser of evils.
The decision was taken to use the same basic method employed by land surveyors
where a known point on the ground is the origin from which a magnetic azimuth is
established out to any given distance where a feature or point is to be recorded. With this
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basic data, the surveyor can calculate easting and northing values for any of the measured
points. In this case, the measured points were the ant mounds.
Using a magnetic compass to establish magnetic north from each permanent
centroid, the collection team performed a clockwise movement around each buffer. As a
mound was crossed, the azimuth on the compass and distance on the tape were recorded
for that mound, along with physical characteristics of mound height, diameter and halo
percentage, if visible. This procedure continued until the entire circle of the buffer had
been accomplished, then repeated for each buffer on all three sites.
Using a vector (azimuth)-based, coordinate geometry (COGO) routine published
by Rudnicki & Meyer in 2007, the azimuth/distance data was converted into coordinate
pairs for each mound, such that d1/L where d1 equals distance measured to a mound from
buffer origin (o) and L equals buffer radius. Then, L(sin a°) and L(cos a°) are computed
where a° is the measured azimuth value from the centroid (o) of the buffer to any given
mound. Finally, origin X (ox) and origin Y (oy), both in UTM values, are applied thusly:
ox + (d1/L * sin a°) = mound x and oy + (d1/L cos a°) = mound y, also produced in UTM
to one one-hundredth (1/100) of a meter (Rudnicki & Meyer, 2007).
These values, expressed as formulas, were structured into an Excel spreadsheet to
allow rapid conversion of the raw azimuth and distance field data into paired mound
locations. Each azimuth/distance pairing was then converted into x/y coordinate pairs,
stated as UTM pairs of easting and northing values. The default unit for this process was
meters.
The day of the first pass COGO collection was a typical windy March day. This
caused the fabric surveyor’s tape to bend downwind, further providing sources that
influence accurate determination of mound location with respect to the center of the
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buffer. The final contributor to error lay in how carefully and diligently the sightings of
azimuth with the magnetic compass were made. Errors in azimuth reading were
potentially introduced by the scale and readability of the compass face.
When all three of these components of potential error are applied to compute
mound locations, a high degree of probability for erroneous results became possible. The
spatial analysis within the GIS confirmed this to be the case and led to the conclusion that
much of the first pass data and analysis output from it was unusable or unreliable for the
study’s purposes.
Collection of Aerial Data
The four flights of data collection for this project began with the baseline flight
done in April of 2008. As previously stated, the sole purpose of this flight was to
determine proof-of-concept regarding the ability of the sensor to produce the visual
resolution needed to detect the mounds, confirm the necessary altitude to support such
resolution and generally assess colony mound densities at each of the three test sites. It
also was the base layer used to determine the placement and spacing of the circular test
buffers for the actual study flights that were conducted in 2009.
On the basis of this flight, this investigator, who flew the aircraft on each aerial
collection, determined the optimum altitude for this project to be 304.8 meters above
ground level (AGL). Imagery captured from this altitude yielded a visual resolution of
0.125 meters or approximately 3 – 4 inches per pixel, enabling delineation of visible
mounds and their accompanying visual characteristics. Mounds were visually detectable,
using the criteria specified below, in each of the target areas and buffer circles generated
to scale were overlaid onto the base layer imagery using GIS software. Spacing between
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the buffer circles was insured using the measurement tools available within the GIS
software platform and later confirmed on the ground during the first site visits for ground
truth collection.
Data collection flights for the actual analysis phase of the project occurred during
2009, beginning in late March followed by a second collection in late June and a final
flight in the first week of October. This schedule insured well-spaced collections during
distinct periods of the colony life-cycle.
Ideally, ground truth collection for a study such as this would occur within a time
window of one week before or two weeks after the corresponding flight date. With one
exception, that being the midseason flight of June, this protocol was met. The delay for
the June flight was due to personnel scheduling conflicts, resulting in a July 29th and
August 3rd ground truth collection for this second pass. There are no indications in the
number or locations of the mounds between the imagery and the ground truth locations
and counts to support any adverse effects from this delay.
Selected locations were used where mounds were already present. A component
of this investigation was to track change of mound locations, if any, between flights.
Therefore, it was decided that locations with existing mound populations promised the
greatest possibility of mounds still existing, to a greater, lesser or equivalent degree,
within these same locations during subsequent collections. Hence, no zero values are
present in the final analysis results.
Each of the three study sites contained a field of tall fescue and a field of common
pasture Bermuda grass. Each field was plotted with two lines of sample circles
designated as the A line and the B line. This resulted in 36 total buffer circles sampled
throughout the study.
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Compilation, Organization and Initial Analysis of Data
Visual analysis and photointerpretive work began on the data within two weeks of
the date it was flown. This was essentially verification and quality control of the imagery
to insure its fitness for the subsequent analysis steps. Cataloging, organizing and storage
of the raw flight and field data continued through the fall and winter of 2009.
GIS software was utilized for image interpretive tasks and shapefile attribute
extraction (mound coordinates) on each of the three flight collections and ground truth
data. Compilation and preparation of the raw flight and ground data into Excel
spreadsheet form acceptable to the Statistical Analysis Software (SAS®) platform was
performed.
During the photointerpretive phase of the data analysis, certain criteria were
established and followed to ensure uniformity in deciding which objects or features in the
imagery should be classified as mounds. The criteria included:
1.

round or ellipsoidal shape,

2.

position on the topography (top, sideslope, bottom of slope?),

3.

greater intensity of vegetative growth on or immediately adjacent to the
feature (the “halo” effect)(Green, 1976),

4.

presence of shadow consistent with sun angle throughout the image that
indicates vertical relief or structure (Were all features appearing to be
shadows pointing the same direction?) and

5.

coloration of exposed soil within or beside a vigorous vegetative clump or
ring.
Statistical Analysis Software (SAS®) Application

In version 9.2 of SAS®, count model regressions were employed to evaluate RIFA
mound. Two regression models were employed: the Poisson and Negative Binomial
(Long, 1997). The Negative Binomial was utilized first to evaluate the datasets for any
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significant differences between the mean and the variance of each dataset. Had a
significant spread between mean and variance resulted from the Negative Binomial data
runs, overdispersion of the data would be indicated and the Poisson model would have
been rejected as unusable due to such overdispersion. In the event, no overdispersion
was indicated, thus the Poisson model was used throughout this study for the primary
statistical analysis.
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CHAPTER V
RESULTS AND DISCUSSION
Data Validation and Statistical Analysis
An estimate of the Root Mean Square Error (RMSE) among the imagery
collections for the three passes was RMSE = 2.42 m, while the GPS backpack unit
estimate was RMSE = 0.280 m. The imagery RMSE was computed using coordinate
values of the pseudoinvariant features chosen to ensure acceptable georeferencing of the
images. Based upon these results, no attempts were made to complete any postprocessing of the coordinates from the GPS backpack unit, or to re-register the individual
frames of any passes including complete buffer circles.
Statistical analysis of the mound counts within the buffers was performed to
compare the effectiveness of the two methods (photointerpretive versus ground truth) for
mound detection. Results were obtained from the data runs in Statistical Analysis
Software (SAS® ) for each of the three data collection passes.
The first statistical analysis tool employed was the Frequency procedure within
SAS®. The following count tables reflect a pooling of all three flight passes with both
grass types on all three test sites. They do, however, remain separate with regard to
Method of detection for the mounds.
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Table 5.1

Pass 1, Frequency Distribution of Photointerpretive Counts All Sites, Fescue
and Bermuda grass types

Table 5.2

Pass 2, Frequency Distribution of Photointerpretive Counts All Sites, Fescue
and Bermuda grass types
Count
4
5
6
7
8
9
10
11
12
14
15

Frequency
4
4
6
5
6
2
1
3
2
1
2

Cumulative
Cumulative
Percent
Percent Frequency
11.11
4
11.11
11.11
8
22.22
16.67
14
38.89
13.89
19
52.78
16.67
25
69.44
5.56
27
75
2.78
28
77.78
8.33
31
86.11
5.56
33
91.67
2.78
34
94.44
5.56
36
100
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Table 5.3

Pass 3, Frequency Distribution of Photointerpretive Counts All Sites, Fescue
and Bermuda grass types
Count

Frequency Percent

1
6
3
5
7
4
2
1
3
2
1
2

1
4
5
6
7
8
9
10
11
12
14
15

Table 5.4

2.7
16.22
8.11
13.51
18.92
10.81
5.41
2.7
8.11
5.41
2.7
5.41

Cumulative
Frequency

1
7
10
15
22
26
28
29
32
34
35
37

Cumulative
Percent

2.7
18.92
27.03
40.54
59.46
70.27
75.68
78.38
86.49
91.89
94.59
100

Pass 1, Frequency Distribution of Ground Truth Counts All Sites, Fescue
and Bermuda grass types
Count
4
5
6
7
8
9
10
11
12
14
15

Cumulative
Percent Frequency

Frequency
4
5
6
6
4
2
1
3
2
1
2

11.11
13.89
16.67
16.67
11.11
5.56
2.78
8.33
5.56
2.78
5.56
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4
9
15
21
25
27
28
31
33
34
36

Cumulative
Percent
11.11
25
41.67
58.33
69.44
75
77.78
86.11
91.67
94.44
100

Table 5.5

Pass 2, Frequency Distribution of Ground Truth Counts All Sites, Fescue
and Bermuda grass types
Count

Frequency

4
5
6
7
8
9
10
11
12
13
15
16
18

Table 5.6

Percent
1
6
3
6
4
1
4
3
3
1
2
1
1

2.78
16.67
8.33
16.67
11.11
2.78
11.11
8.33
8.33
2.78
5.56
2.78
2.78

Cumulative
Frequency
1
7
10
16
20
21
25
28
31
32
34
35
36

Cumulative
Percent
2.78
19.44
27.78
44.44
55.56
58.33
69.44
77.78
86.11
88.89
94.44
97.22
100

Pass 3, Frequency Distribution of Ground Truth Counts All Sites, Fescue
and Bermuda grass types
Count
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Cumulative
Percent Frequency

Frequency
2
7
2
2
2
3
2
5
1
1
1
2
2
1
3

5.56
19.44
5.56
5.56
5.56
8.33
5.56
13.89
2.78
2.78
2.78
5.56
5.56
2.78
8.33
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2
9
11
13
15
18
20
25
26
27
28
30
32
33
36

Cumulative
Percent
5.56
25
30.56
36.11
41.67
50
55.56
69.44
72.22
75
77.78
83.33
88.89
91.67
100

These frequency distributions of both the photointerpretive mound count method
and ground truth mound counts show a tendency for the densities to have larger
frequencies primarily around values in the range of 4 - 8 mounds per buffer circle (Tables
5.1 – 5.6). Mound densities, particularly with respect to slope position, paralleled
previous research (see Chapter 2) indicating elevated and sloped topography as preferred
locations for more numerous mound presence, that is, predominantly 4 – 8 mounds, with
maximums of 18 mounds counted per buffer for higher elevations, while the gentler
slopes would have as few as 1 mound in some buffers, as indicated previously by Tables
5.1 – 5.6.
The CountReg procedure within SAS® was employed for the purpose of
analyzing the variance of independent variables and generate probability data (p) to
support clearer conclusions. Two types of regression sets were employed. In the first set,
the variables included the intercept, location (i.e., farm), pasture type (Bermuda or
Fescue), line (i.e., two units of replication within a pasture type and labeled as A or B),
and slope (a categorical label for top of slope, shoulder of slope, and bottom of slope).
The first count model regression results are summarized in Table 5.7. The results of
these first count model runs were used to determine the effects addressed in analysis of
the second set of runs. Specifically, the significance of Location two of three times, and
the significance of the dispersion parameter, Alpha, for the negative binomial for Pass 3,
indicates that further analyses should be done by the Pass by Location combinations.
Pasture type in the second set of count model regression was also broken out since the
slope effect in Table 5.7 was significant two of three times and approximately marginally
significant (P = 0.10) for the third instance.
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Table 5.7

Summary of Count Model P-values for Listed Effects (By Pass and for
Location, Pasture Type, Line, and Slope)

Independent
Variables

Pass_1

Pass_2

Pass_3

Pass_3_Neg_
Bin

Intercept
Location
Pasture Type
Line
Slope

<.0001
0.8836
0.2824
0.5502
0.0013

<.0001
0.0759
0.4026
0.2415
0.0204

<.0001
0.0295
0.1335
0.1646
0.1023

<.0001
0.0958
0.3062
0.3341
0.2128

Alpha

N/A

N/A

N/A

0.0491

Probability Summary: Ground Truth Counts By Collection Date
Poisson Model, CountReg Procedure
In the second set, the variables included the intercept, the line the buffer circles
were located on, the slope position for the buffers and the method of detection
(photointerpretation versus ground truth). For all variables, the threshold of significance
(p) was set at 0.05. An analysis-of-variance table was generated for each location and
each grass type. A summary table containing the data from all of these individual tables
was then constructed and the data compiled as shown in Table 5.8.
The intercept p values in each location fall well under the 0.05 threshold,
indicating mound count values are significantly greater than zero. The effect of Line was
non-significant, indicating that the observers were consistent in the selection of buffer
sites for evaluation. The effect of slope was found highly significant a majority of the
cases (8 of 18 times), marginally significant (2 of 18 times), and non-significant (P >
0.10) for the remainder of cases (8 of 18 times). This finding supports the general
statement provided above that count frequencies of RIFA mounds seemed to be
influenced by slope position. Thus, this heterogeneity of significance suggests future
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research to best determine causes, such as effects of local precipitation differences
influenced by an interaction with permeability, slope percentages, and soil type.
Table 5.8

Summary of Count Model P-values for Listed Effects (Pass and Location by
Pasture Type Combinations)
Probability Summary: Pr > [t] (Pr threshold < 0.05) First Pass Collection Analysis

Variables
Intercept
Method
Line
Slope

MAFES Fescue
<.0001
0.0004
0.2231
0.0783

Poisson Model, CountReg Procedure
MAFES Bermuda Smith Fescue Smith Bermuda South Farm Fescue
<.0001
0.0613
0.3788
0.5374

<.0001
0.0005
0.5640
0.0080

<.0001
0.0260
0.9055
0.3838

South Farm Bermuda

0.0003
0.4800
0.1593
0.0318

<.0001
0.0721
0.8209
0.2682

Probability Summary: Pr > [t] (Pr threshold < 0.05) Second Pass Collection Analysis

Variables
Intercept
Method
Line
Slope

MAFES Fescue
<.0001
0.3804
0.0418
0.0176

Poisson Model, CountReg Procedure
MAFES Bermuda Smith Fescue Smith Bermuda South Farm Fescue
<.0001
0.3758
0.7676
0.6294

<.0001
0.2023
0.2741
0.0056

<.0001
0.5130
0.3835
0.4231

South Farm Bermuda

<.0001
0.3083
1.0000
0.0002

<.0001
0.4776
0.7607
0.2146

Probability Summary: Pr > [t] (Pr threshold < 0.05) Third Pass Collection Analysis

Variables
Intercept
Method
Line
Slope

MAFES Fescue
<.0001
0.0222
0.1663
0.1085

Poisson Model, CountReg Procedure
MAFES Bermuda Smith Fescue Smith Bermuda South Farm Fescue
<.0001
0.6863
1.0000
0.2663

<.0001
0.5105
0.3015
0.0004

0.0001
0.1443
0.4507
0.2003

South Farm Bermuda

<.0001
0.9093
0.5691
0.0129

<.0001
0.6663
1.0000
0.0658

Of the remaining variables, Method is the independent variable which compares
photointerpretive counts to the counts determined by ground truthing for RIFA mounds
within the two grass types. In the first pass, it appears that Method, with the exception of
the MSU South Farm fescue field, this effect was statistically significant. In contrast, for
the second and third passes, Method was found statistically non-significant, except for the
MAFES fescue field. This contrast in significance for Method among the first pass
compared to the second and third passes requires further explanation.
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The initial computation of the COGO mound locations was performed directly
from the field notes through the formula previously noted (Rudnicki and Meyer, 2007).
After this computation was complete, GIS overlay of the points using the established
buffers for the test sites showed spatial distributions where many mound locations were
beyond the buffer boundaries. This is indicated by noting that the statistical significance
of Method was found to be significant 5 out of 6 times (83.33%) in Pass 1 while for
Passes 2 and 3, employing a sub-meter GPS system, Method was found to have
significance only 1 out of 12 times (0.083%). Thus, any analyses using Pass 1 ground
truth data are too heavily influenced by mis-registration effects of the coordinate
locations of the RIFA mounds found on the ground.
The non-significance of Method in Passes 2 and 3 indicate that mean
photointerpretive mound counts and ground truth mound counts were similar within the
buffer boundaries. However, this result cannot tell us anything about the spatial
relationships of identified mounds by the two methods. A third step using spatial
analysis, based upon Moran’s I statistics within the GIS environment, was next carried
out to accomplish these spatial comparisons.
GIS Analysis and Interpretation
Moran's Index is a geospatially oriented statistical analysis model used to further
assess the data to determine if co-location of the methods occurred with sufficient
frequency to support a categorical conclusion regarding Method. The range of values for
Moran's Index lies between -1.0 and 1.0. The more a result tends toward -1.0, the greater
an indication of a symmetrical dispersion pattern. The greater the tendency towards 1.0,
the more likely the dispersion pattern is clustered (Wong, 2001).
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Merging of the photointerpretive datasets and the ground truth datasets for each
pass, then exporting from SAS® the merged data in the .csv file format made the data
usable within the GIS spatial environment. The GIS platform used supports sorting of
the .csv data under the method class. This class distinction capability was part of the
output structure in the SAS® macro for the merged dataset runs.
A spatial analysis, using the attributes of the Method effect (ground truth vs.
photointerpretive) of identified RIFA mounds by each method within each buffer circle
could indicate the reliability to detect RIFA mounds. For example, if Moran’s I was
found to indicate a regular dispersion pattern within a pasture type for a specified location
and which was also matched by non-significance of Method, one could conclude that the
identified mounds were identical in count number and spatial location within the buffers.
MAFES fescue and Bermuda fields from Pass 3 serve as a representative pairing
of the two grass types. Since the MAFES fescue showed statistical significance by
having p < 0.05, it raised the question of whether the Moran's Index might confirm a
strong correlation of mound presence and position. .The results appear in the following
table:
Table 5.9

Spatial AutocorrelationMoran's Index, Summary Table
Probability Summary, Third Pass: (P threshold < 0.05)
Spatial Autocorrelation, Moran's Index Analysis

Moran's Index
P value

MAFES Fescue

MAFES Bermuda

0.1044
0.1390

0.0923
0.2440

45

Only the two fields indicated were subjected to this analysis. A review of Table
5.8 shows that running this analysis on every location for Passes 2 and 3 would be
unnecessarily repetitive, since no statistical significance for Method exists for the other
locations. This outcome shows that, except for this one location during this time frame,
there is still no statistically significant relationship between the two methods of mound
detection.
Recall that values of Moran’s statistic that are not significantly different from 0
are indicative of a random dispersion pattern. Since the Moran's Index values for both
fields tested are near zero and non-significant (Table 5.8) any correspondence between
mound locations detected by ground truthing and compared to detection of mounds
within the buffer areas by photointerpretation is due only to chance. Thus, the nonsignificance of the Method effect with count model regression cannot be interpreted to
indicate that a photointerpretive approach can reliably detect the presence of an RIFA
mound in an area of interest.
This figure presents graphically the outcome of the Moran's Index data analysis
run for the MAFES Prairie Station North Field location. Occasional commonality of
points can be seen but, for the most part, there is no consistent correspondence between
the two types of points. This compares favorably to the p values in Table 5.8, where
practically no statistical significance for the method variable (with one exception) was
found in the two most reliable passes of data collection.
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Figure 5.1

MAFES Prairie Station, North Field Graphical Output, Moran's Index
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Figure 5.2

MAFES Prairie Station, South Field Graphical Output, Moran's Index

A similar lack of commonality of points is illustrated by Figure 5.2. It further
confirms spatially the lack of reliably consistent correlation between the methods.
Although some points of both types of Method overlay each other, or are in near enough
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proximity to each other that they meet RMSE tolerances and may be considered as colocated, the overall rate of co-location is not robust or consistent enough to support a
clear finding for these locations during all passes of data collection.
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CHAPTER VI
CONCLUSIONS
The basic premise of the study asked whether or not different grass types affect
image-based detection of RIFA colony mounds using digital image photointerpretive
methods of classification and inventory. The following conclusions are made from the
results of this study:
1.

There was insufficiently consistent statistical and spatial output data to
support a categorical claim that the grass types had a significant effect on
detectability of the RIFA mounds within the environment studied. Both
grass types yielded comparably non-significant results in most instances.
The one instance where the statistical data seem to support Method as
being equally valid in both forms is too limited for deriving a defensible
conclusion. Failure to include additional mound detection criteria
precluded the ability to definitively make such a determination. Had the
study included, for example, parameters of spheroidal volumetric limits or
minimums for mound size, the results might well have been clearer.

2.

Further studies in this area with expanded, enhanced or more robust
guidelines to overcome the limitations encountered in this study should be
conducted by future researchers.

3.

Further research to automate the detection process and eliminate the
possibility of subjective human error should be pursued.

4.

The use of the particular regression models employed in this study, in
tandem with Moran's Index analysis, is a very recent approach to such
studies as this. While the statistical results themselves are mixed and
inconclusive to the central question of this study, the application of this
model combination demonstrates intriguing possibilities for these tools to
robustly support other studies of a similar nature involving the spatial
location, tracking and derivation of control concepts to this and other
insect pest populations. This was a most serendipitous and exciting result
of this study.
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5.

By examining the imagery spectrally and then comparing results to ground
control points, a valid image processing model may be discovered for
rapidly depicting colony presence and density, which may ultimately be
useful to control RIFA.

6.

Mound spectral reflectance values may likely differ across grass types
(e.g., fescue v. Bermuda) and time of year. To that end, a successful RIFA
mound detection model may have different analysis approaches across
different field conditions. This possibility is indicated by the count model
regression results where the categorical effect for slope was found
significant for X percent of Y sites for the second and third passes
combined.

7.

Though included in the criteria for mound definition and originally
thought to be a significant contributor for mound detection, the halo effect
proved to be problematical and of limited or no use as the study
progressed. It was expected that surrounding vegetation around a mound
would become greener and more lush during the growing season, making
halo distinction more difficult. This was anticipated and expected to
impact detection to an acceptable degree, but not totally preclude the use
of this phenomenon. What was not anticipated, but observed almost
uniformly once the field ground collection began, was the tendency for the
grass cover to grow on or over the mounds, obscuring them from view.
This was particularly true with the fescue fields, but also occurred in the
Bermuda fields with disturbing frequency. In the end, the halo effect was
seldom observed in the imagery and contributed little to mound detection.

The specific application in this study was to investigate the ability of the aerial
digital sensors to capture imagery with sufficient detail and consistency to allow accurate
photointerpretive cataloging and assessment of the movement, spread or other changes of
red imported fire ant mounds. The results found at the current status of analyses indicate
that without the inclusion of additional parameters related to mound characterization, the
precision and accuracy of an image-based approach to RIFA monitoring in pastures is
compromised. However, more analyses of the data collected is required to explore the
impact of additional mound characteristics, specifically size, and then relate those
findings to the biology of RIFA while concurrently assessing dynamics of weather upon
the slope position of classes of mounds of different sizes. This direction of further
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inquiry is suggested by the following illustration from the MAFES Bermuda pasture
sites.
For brevity, the illustration once again uses only the MAFES Bermuda pasture.
Using GIS methods, each site at this location was subset into another collection where a
subjective method jointly determined which mound pairs of a site were likely to be same
mound by either ground truthing or photointerpretation. The subset is shown in Figure
6.1 and represented as the white circles overlaid upon the original RIFA mounds as
classed by Method and shown in Figure 5.2. Using this subset, Moran’s I was again
estimated, to obtain a value of -0.55 (P = 0.027), which indicates that the pattern is
somewhat regular (i.e., there is less than 5% likelihood that the dispersed pattern, using
Method as the classification attribute, is the result of random chance.). With this subset,
this result now indicates that some of the mounds found by the photointerpretive
approach are the same mounds as identified by the GPS-based ground truth surveys.
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Figure 6.1

MAFES Prairie Station, South Field, Subset Graphical Output, Moran's
Index

Therefore, the next step to learn more about how to improve the use of digital
imagery for understanding RIFA ecology in pasture systems is to estimate another ordinal
categorical variable for mound size (e.g., very small, small, medium, large and very
large) and include that term in the count model regressions. If statistical significance is
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found to increase sharply at a breakpoint among these categories for size, then additional
GIS processing to extract spectral information from the imagery at coordinate locations
of those categories, followed by analyses of the reflectance from the various spectral
bands of these extracted results, could lead to an automated procedure for RIFA mound
detection. For instance, previous work with multispectral imagery as part of a
multitemporal study has shown acceptable consistency in the use of pseudoinvariant
features to normalize reflectance values between image sets and support image
coregistration (Schott, 1988). These pseudovariant features have also been successfully
utilized for improvement of change detection in a non-urban multitemporal study (Chen,
et al, 2005). These previous studies indicate some promising directions for future
investigations.
It is hoped that tracking such physical features directly connected to the life cycle
of this insect species points other investigations down pathways of environmentallyrelated aspects monitored by digital sensors. For example, if the additional type of study
just mentioned confirms sufficiently repetitive seasonal tracking of colony densities by
mound size categories, future researchers should be able to determine when a specific
critical point is present in the colony's cycle to efficaciously apply one or more control
agents to reduce RIFA abundance. Such utility and flexibility holds potential to yield
new management techniques that address the criticisms (Blu Buhs, 2002) of pesticidebased techniques that augment biological control tactics (Vogt, 2007) and will, in the
aggregate, reduce the spread of the RIFA and mitigate economic and societal impacts.
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