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ABSTRACT

Exploring the Possible Relationships between Terrestrial Arthropod and Plant Community

Structures in the South Texas Plains (May 2017)

Chad Mitchell Campbell, B. S., Sam Houston State University;

Chair of Committee: Dr. Daniel J. Mott

The South Texas Plains is one of many locations worldwide that has rapidly changed
from grass-dominated rangeland into a relatively densely wooded thicket; a mechanism of
succession termed the “mesquite-nucleus hypothesis,” which states that a mesquite tree is well
evolved to encroach on grassland and change the micro-habitat, thereby allowing other woody
species to encroach more easily, has been proposed. The current study tests the mesquite-nucleus
hypothesis by studying arthropod community structure and its relationship to the surrounding
plant community structure. Arthropods are easily trapped and counted, but complete survey data
for South Texas is sparse.
Pitfall traps were used in three distinct transect lines to collect arthropods between 19
September 2015 and 31 March 2016. Most arthropods were identified to the order level, spiders
were identified at the family level, and ants were keyed to the genus level. Relative abundances,
direct comparisons of relative abundances, Simpson indices, Shannon indices, G-tests of
independence, richness extrapolation, and richness estimation were used to compare arthropod
community structure among the transect lines, and the point-centered quarter method was used to
characterize plant communities and place traps.
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The mesquite-nucleus hypothesis is weakly supported by some of the data, but
experimental replicants are needed. Overall, evenness and diversity were highest in the mesquite
transect, but the transect dominated by blackbrush had the highest arthropod abundance. The
relative abundance data for several taxa raise questions that should be further investigated:
Diptera abundances seem negatively correlated with the average distances between shrubs or
perhaps prefer to be near blackbrush, Salticids were found to prefer blackbrush, and Gnaphosids
were disproportionally present in the transect referred to as mixed. Ant communities were similar
among transects.
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INTRODUCTION
The area commonly referred to as the South Texas Plains (STP) was very likely
savannah-like grasslands with shrubs and trees scattered sporadically, which, within the last 200
years, has transformed into more of a thorny woodland (Brown & Archer 1989; Franco-Pizaña et
al. 1995; Van Auken 2000). The STP are part of the larger Tamaulipan Biotic Province (TBP)
(Blair 1950). Odocoileus virginianus (white-tailed deer), Pecari tajacu (collared peccary),
Colinus virginianus (bobwhite quail), and Canis latrans (coyote) are examples of common fauna
in the STP, and Prosopis glandulosa (honey mesquite), Vachellia rigidula (blackbrush), Opuntia
engelmannii (Texas prickly pear), Vachellia farnesiana var. farnesiana (huisache), Senegalia
berlandieri (guajillo), and stretches of perennial grasses like Nassella leucotricha (Texas needle
grass) and Cenchrus ciliaris (buffel grass) occur frequently (Everitt & Drawe 1974; Corn &
Warren 1985; Wilson & Crawford 1987; Andelt 1985; Flanders et al. 2006). Asner et al. (2003)
used geographic information systems and aerial photography from 1937 to 1999 to demonstrate
an overall 30% increase in shrub coverage in Texas drylands; they noted that about one-third of
the new woody plant growth was in riparian zones. This succession from herbaceous grassland to
woody parkland has been popularly attributed to wildfire control and increased agricultural
grazing and farmland (Brown & Archer 1988). Van Auken (2000) emphasized that woody plants
are not invading grasslands because most of them have existed in the STP but in historically
lower frequencies; instead, he referred to it as encroachment. The honey mesquite’s historical
range extends from California to Louisiana and reaches as far north as Kansas (Steinberg 2001).
The Mesquite-Nucleus Hypothesis
This expansion in woody plant frequency and range in semi-arid grasslands has been well
__________
The journal model used for this thesis is Journal of Ecology.
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documented, and it is not unique to the TBP; Archer (1995) compiled a table of worldwide
reports of this phenomenon. This shift from herbaceous plants to woody plants has been
suggested to be facilitated in South Texas by Prosopis glandulosa (honey mesquite), an N2fixing woody plant. The honey mesquite is a large, shrub-like tree producing a legume coated in
a seed pod which is very palatable to local fauna and, at least near agricultural operations,
common ranch livestock (Steinberg 2001).
Archer (1995) described the general distribution of P. glandulosa in South Texas; dense
mesquite canopies were present only near areas of high moisture, such as a stream or pond, but
encroached on drier grasslands in much lower numbers. He also mentions many of the honey
mesquite’s adaptations that make it an aggressive invader; seedlings quickly establish a
taproot—as deep as 40 cm within 4 months after germination (Brown & Archer 1990)—which
gives them an advantage over herbaceous competitors while invading grasslands, and seeds can
remain viable for years (Archer 1995). Bush and Van Auken (1987) found P. glandulosa
seedlings grew more in experimental groups treated with the most intense light regimes—and
light is in abundance in the STP. Established mesquites alter the surrounding micro-habitat to the
benefit of other encroaching woody plants; this includes but is not limited to: decreasing light
and temperature levels below the mesquite canopy, increasing nutrient abundance in close
proximity to the mesquite (organic nitrogen, phosphorous, and potassium), and attracting
community diversity and traffic by offering widely-accessible fruit (Archer 1995; Franco-Pizaña
et al. 1996). Archer (1995) observed that Prosopis sp., at least in early succession, acted as a
“nucleus” or a facilitator for a patch of shrub invading grassland. However, after several years,
the understory appeared to compete with the mesquite asymmetrically, increasing the chance the
mesquite would perish. A coalescence of shrub clusters into a mixed brushland was predicted
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(Archer 1995). This mechanism of succession from grassland to mesquite-dominated parkland to
mixed brushland supported by Archer (1995) appears to be reflected in the areas surrounding
Laredo, Texas, the site of the present study, which seem to have already undergone this
succession and are now largely mixed brushland. Van Auken (2000) supported and expanded the
mesquite-nucleus hypothesis; he proposed that nutrients are recycled within shrub patches,
favoring the establishment of more woody plants and excluding grasses, creating what he termed
“resource islands.”
Van Auken (2000) noted domestic animals have greatly improved the honey mesquite's
ability to disperse seeds beyond riparian zones, where they were historically common, and
chronic overgrazing of rangeland grasses (in addition to direct human intervention) has
drastically reduced the occurrence of wildfires. Although native faunas often consume the honey
mesquite's fruit, seeds were not as likely to be viable after passing through their digestive tracts
when compared to domestic livestock (Ramírez et al. 1997; Meizner et al. 1975). Unintended
effects of human activity have demonstrably led to community re-structuring, which ultimately
influenced all the community constituents’ evolutionary futures. An example of how human
activity caused a community restructuring comes from Flanders et al. (2006), who point out that
invasive grasses from South Africa, Eragrostis lehmanniana and Cenchrus ciliaris, were
introduced to the STP in the 1940’s to compensate for overgrazing and subsequent erosion.
These grasses have spread over the Southwest United States, displacing native grasses.
Additionally, differences in population and community structures among birds and arthropods
have been demonstrated between native grasses and non-native grasses in the STP; specifically,
bird and arthropod abundance have been shown to be higher where native grasses dominate
(Flanders et al. 2006). While investigating a very similar ecological succession, Pidgeon et al.
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(2001) found mesquite to house the highest avian diversity compared to other shrubs and grasses
in the Chihuahuan Desert, just west of the TBP.
Of course, floral and faunal communities are interdependent, so one rarely changes
without affecting the other. Flanders et al. (2006) provide an alternative perspective on the
displacement of native grasses. Since bird and arthropod abundances are shown to be lower in
areas dominated by invasive grasses, some selective pressures against P. glandulosa could be
lessened when native grasses are displaced, allowing the plant’s range and population to grow.
Indeed, the succession from grassland to shrubland is difficult to explain, likely because of a
complicated web of factors, some of which are further complicated by human activities and
interventions. To begin measuring these factors and their relationships, community surveys of
different taxa are needed, and, to test the mesquite-nucleus hypothesis, environments need to be
classified by their dominating plant coverage in order to identify the stage of succession
according to Archer’s mesquite-nucleus hypothesis as well as possible relationships among floral
and faunal community structures.
The Study Area
The present study took place at Texas A&M International University (TAMIU).
Arthropods were collected along three transect lines placed in areas of differing dominating plant
coverage on TAMIU property. The areas surrounding TAMIU are dominated by thick stands of
V. rigidula, stretches of P. glandulosa, and mixed brushland with no clear dominant plant
species. There are very few large, naturally occurring areas dominated by native grasses; instead,
grasses are relegated to the breaks between the thick stands of V. rigidula and the more loosely
packed stands of P. glandulosa, and virtually all the grass is C. ciliaris. One transect line was
placed in an area dominated by V. rigidula (Transect A), and another was placed in an area
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dominated by P. glandulosa (Transect B). A third environment was also used for comparison
(Transect C); it will be referred to as “mixed vegetation,” or simply “mixed,” because, although
V. rigidula dominated the transect line, it did so to a much lesser extent than in Transect A.
Another important difference between Transects A and C is the mean point-to-individual
distance (𝑑̅); the foliage in Transect C is less dense. The mixed vegetation often included
Diospyros texana (Texas persimmon), Karwinskia humboldtiana (coyotillo), Yucca treculeana
(Spanish dagger), and Parkinsonia texana (Texas paloverde), in addition to P. glandulosa and V.
rigidula. The third transect line was placed in the mixed vegetation in lieu of an area dominated
by native grass. No area was dominated by grasses of any type. This was regrettable because a
transect through native grasses would have been more optimal for testing the mesquite-nucleus
hypothesis, but native grasses were not present in high enough frequency in the areas around the
study site.
Laredo, Texas, is mostly warm and arid (National Weather Service). Summers are long
with an average high temperature around 38°C, and during the short winters, daytime high
temperatures average 19°C. Temperatures fall at night but not as drastically as in a desert biome;
average nighttime low temperatures are 24°C and 6°C during summer and winter, respectively.
Virtually all precipitation is rain, which occurs sporadically throughout the year, and the average
amount of yearly precipitation is 560 mm (National Weather Service). The current study took
place between 19 September 2015 and 31 March 2016.
The study site was chosen because access to the natural areas was easily obtained, and the
areas around TAMIU were well preserved and were representative of the surrounding area in
Webb County. The study is exploratory in nature and is intended to be the foundation for a more
thorough investigation in which data is collected over several years and study sites throughout
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the STP are added. The location and time frame were also limited by the immense amount of
work involved in a terrestrial arthropod community survey. However, six months is adequate for
a thesis project and allows for assessment and modification of the methodology for future
projects of the same nature.
Arthropods Collected
Complete arthropod community surveys for the STP are not in abundance, so a gap exists
in the literature which needs to be filled in order to begin to understand the relationship between
arthropod community structure and plant community structure. The only collection method
involved the use of pitfall traps. The number of individuals and their diversity were too much for
the number of researchers and specialists involved to record in their completion, so efforts were
focused on select arthropod taxa after all arthropods collected were identified to the order. Ants
were identified at the genus level by many of the undergraduate researchers, and spiders were
identified at the family level. Ants were selected because of their ease of identification at the
genus level, and ants were captured in very large numbers, so differences in ant community
structures could be obvious if they exist. Spiders are not as easily identified by general
researchers and often require a specialist for a positive identification.
Because of the limited study area, the dearth of relevant, comparable data for areas in or
around Webb County, and the aforementioned lack of natural areas dominated by native grasses,
this project’s primary objective became a terrestrial arthropod community survey with the goal
of elucidating possible interactions between arthropod community structure and floral
community structure to be more specifically investigated in future studies, and the secondary
objective became testing the mesquite-nucleus hypothesis. Habitat choices relating to dominating
shrub coverage were investigated as well. Efforts were made to assess whether the three
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sampling sites contain different arthropod assemblages, and, if the sites are found to be
heterogenous in assemblage composition, what those differences could be.
Hypotheses
Various arthropod taxa diversity and their relationships to dominating plant coverage are
assessed herein. Direct comparisons of arthropod forage values for P. glandulosa and V. rigidula
in the STP or TBP cannot be found in the literature; however, both plants produce legumes
coated in a seed pod, presumably making both targets for similar foragers. The main differences
between P. glandulosa and V. rigidula at the study site are the shrub morphology, canopy
projection, root systems, foliage arrangement, and distance between individuals in clusters.
Because only point-to-individual distance (d) and circumference(s) at 1 m height were used for
point-centered quarter method calculations, it’s not possible to say which shrub, P. glandulosa or
V. rigidula, produces more consumable biomass in respect to wood, roots, foliage, fruit, and
seeds. Based on distance between individuals alone, V. rigidula probably produces more
consumable biomass per m2; however, P. glandulosa individuals tend to be much larger than V.
rigidula individuals. Complete arthropod surveys are rare, and none can be found in the literature
for the STP, so specific hypotheses about arthropod communities in relationship to the mesquitenucleus hypothesis cannot be made for the STP. However, the results of the current study should
illuminate any major differences in arthropod community composition among the three habitats
observed. Primarily G-tests of independence were used to determine if differences in frequency
data were due to random chance, so the following hypotheses were formed:
Null Hypothesis 1: Frequencies of arthropod orders are independent of sampling location.
Null Hypothesis 2: Frequencies of spider families are independent of sampling location.
Null Hypothesis 3: Frequencies of ant genera are independent of sampling location.
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The mesquite-nucleus hypothesis cannot truly be tested without a long-term study;
however, the similarities between the study site and Archer’s predictions about brushland
succession are highlighted and discussed later. If the mesquite-nucleus hypothesis is an accurate
descriptor of this succession, the arthropod survey data can be used to determine which
arthropods might be significant players in the succession; conversely, if the mesquite-nucleus
hypothesis is not an accurate descriptor, the arthropod survey data can still be used to compare
with long-term plant succession and arthropod community surveys. The primary basis upon
which the mesquite-nucleus hypothesis will be judged is the point-centered quarter method as
discussed in Cox (2002), which involves placing perpendicular lines across a long transect at
specified (or random) intervals to create four quadrats around each sample point (where the
perpendicular lines intersect the established transect line); this method makes use of two
environmental measurements to quantify the dominance of plant species that fit certain
parameters chosen by the investigator: the distance between the sample point and the closest
plant that fits the investigator’s parameters (d) and the circumference(s) of the trunks or stems at
a specified height. 𝑑̅ can then be thought of as the average point-to-individual tree distance
within a transect line, which is one way of describing shrub cluster density.
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MATERIALS AND METHODS
Transect Lines
Large, contiguous areas dominated by V. rigidula and P. glandulosa were apparent in the
study area; there were areas where any one canopy shrub’s dominance was lessened, and the
thicket resembled a mosaic of more various taxa—those were dubbed “mixed.” Seven numbers
between 0 and 100 were randomly chosen using the random number generator (=RAND())
Microsoft Excel, and the numbers could not be less than 5 integers apart. Once a large,
contiguous area dominated by either V. rigidula or P. glandulosa was located, a 50 m measuring
tape was stretched as straight as possible (terrain permitting), and flagging was used to mark
where the tape began and ended. The tape was used to measure another 50 m starting from the
end of the first line, extending out in the same direction, and the end of the tape was marked with
flagging; a 100 m transect line resulted. The randomly generated numbers were used to randomly
place the pitfall traps along the transect line; whatever number was generated corresponded to
the distance in meters from the starting point. For example, if the numbers 5, 14, 35, 51, 58, 79,
and 92 were generated, the traps were placed at 5, 14, 35, 51, 58, 79, and 92 m from the start of
the transect line. Often the randomly assigned trap location was not ideal—perhaps it was in the
center of a large tree or out in the open, where the preservative solution would evaporate too
quickly—so, the traps were often slightly moved to a more optimal area very near the randomly
assigned location (no more than 5 m from the randomly assigned location). If moved from the
originally assigned locations, the goal was to position the trap underneath the canopy of a nearby
plant; the primary objective in doing so was to minimize evaporation of the preservative
solution. This procedure was repeated for each transect line.
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The point-quarter technique was used to calculate density, cover, frequency, and
importance values as described by Cox (2002) with modifications to the equations used to
calculate total density and 𝑑̅2. These modifications are stipulated in Equations 1 and 2. The
center point was considered to be in the center of the pitfall trap once it was positioned in its
final location. A 50 m measuring tape was used to measure the distance from the center point to
the center of the nearest tree or shrub taller than 1 m, and the same tape was used to measure the
circumferences of the trunk(s) at 1 m height; if there were multiple trunks present, all that
reached 1 m from the ground were recorded. Individual plant coverage (individual dominance)
was calculated as the basal area (A) in cm2 as outlined by Mitchell (2007).

𝑘
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𝑑̅2 = ∑ ∑ 𝑑2 ÷ 4𝑘
Equation 1: Modifications to the Point-Centered Quarter Method. k is the number of sample points
(𝑘 = 7) and d is the point-to-individual distance for any individual.

𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 = 4 ÷ 𝜋𝑑̅2
Equation 2: Modifications to Total Diversity Calculation.

Pitfall Traps and Collection Procedures
A single pitfall trap was placed at all sample points along the three transect lines for a
total of 21 traps. The traps were made from standard, plastic rain gutters, cut to 75 cm length,
capped with gutter caps and gutter sealant, and buried so the upper edge of the trap was flush
with the ground. 50% propylene glycol was used as a collecting fluid; the traps were filled with
propylene glycol until the solution stood ~3 cm deep. All traps were promptly removed after the
collection phase of the study was over.
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The plan to leave the traps to collect for 7 days at a time failed; unfavorable weather was
the main disruptor. A few centimeters of rain were enough to cause the traps to overflow,
causing data loss, so trappings were often collected early or trap setting was postponed in
anticipation of such weather. Table 1 displays the collection dates and relevant weather
conditions. Traps were always set within 1 hours on the same day, and samples were collected
within 2 hours of each other ~7 days later.
In the field, arthropods were extracted from the traps using large forceps and a fine
aquarium net and placed in collection ethanol (varying concentrations) along with a label
indicating the date of the sample collection and the trap ID. Trap IDs were the transect line letter
(A, B, or C) followed by a number (1 – 7). The traps were often dirty or filled with leaf litter
when it was time to collect, and this was all collected and sorted through in the laboratory so that
even the smallest arthropods could be counted. It was not uncommon to find the traps
overturned, probably by wildlife, so data was not collected for those traps in those cases.
Counting and Sorting Procedures
All arthropods were removed from the collection bottles, debris was removed from the
samples and discarded, and all arthropods were initially keyed to the order. All ants were
separated and placed in smaller vials in 70% ethanol to be keyed to the genus. All arachnids were
separated and placed in smaller vials in 70% ethanol; all spiders were keyed to the family level.
Undergraduate researchers were important during this phase of the study due to the immense
volume of work; according to Oliver and Beattie (1996), non-specialist identification produces
generally similar estimations of richness compared to samples identified by specialists.
Undergraduate researchers used identification keys to sort all arthropods to the order and the ants
with the naked eye was placed under a stereoscopic dissecting microscope to obtain positive
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Table 1. Precipitation for Laredo, Texas, from 19 September 2015 to 31 March 2016. Trace
amounts of precipitation not shown (National Weather Service).
Number of
Precipitation Event
Precipitation
Active Trap Dates
Trap Days
Dates
(inches)
19 Sept. - 26 Sept. 2015
7
26 Sep. 2015
0.02
26 Sept. - 10 Oct. 2015
14
9 Oct. 2015
1.41
10 Oct. - 17 Oct. 2015
7
17 Oct. - 23 Oct. 2015
6
24 Oct. 2015
2.15
26 Oct. - 5 Nov. 2015
10
30 Oct. 2015
0.03
6 Nov. 2015
0.17
7 Nov. 2015
0.28
8 Nov. - 14 Nov. 2015
6
14 Nov. - 21 Nov. 2015
7
15 Nov. 2015
0.01
27 Nov. 2015
0.62
28 Nov. 2015
0.08
29 Nov. 2015
0.03
30 Nov. - 12 Dec. 2015
12
12 Dec. 2015
0.05
12 Dec. - 26 Dec. 2015
14
13 Dec. 2015
0.03
30 Dec. 2015
0.05
31 Dec. 2015
0.02
1 Jan. 2016
0.64
2 Jan. 2016
1.16
3 Jan. - 13 Jan. 2016
10
6 Jan. 2016
0.01
13 Jan - 24 Jan. 2016
11
24 Jan. - 6 Feb. 2016
13
6 Feb. - 14 Feb. 2016
8
17 Feb. - 24 Feb. 2016
7
22 Feb. 2016
0.01
8 Mar. 2016
0.04
9 Mar. 2016
0.95
10 Mar. 2016
2.10
11 Mar. 2016
1.27
24 Feb. - 2 Mar. 2016
7
12 Mar. - 18 Mar. 2016
6
23 Mar. - 31 Mar. 2016
8
-

identification.
Data Analysis
To achieve even sampling effort across transect lines and collection dates, a large portion
of data was omitted; this was necessary because traps were often found to be overturned,
flooded, or otherwise compromised when attempts at collection were made. To sidestep
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researcher bias and uneven sampling effort among samples, trap data was excluded if another
trap of the corresponding number was compromised in either or both of the other transect lines.
For example, if traps A2 and B5 were overturned when samples were collected from the traps,
six traps’ data would be omitted for that collection date: A2, B2, C2, and A5, B5, and C5. Active
trap days are the proxy for sampling effort used throughout the analysis, so there must be equal
sampling effort within those days.
Density, cover, frequency, and importance values were calculated for flora as described
in Cox (2002) with some modifications. Simpson and Shannon diversity and evenness indices
were used to measure diversity and evenness for all three taxonomical groupings: all arthropod
orders (excluding ants and arachnids), spider families, and ant genera. Shannon and Simpson
index calculations were used to evaluate evenness and overall diversity. G-tests of independence
were used to test similarity in taxonomical groupings among the transect lines using abundance
data, and direct comparisons of relative abundance data elucidated the largest differences
between taxonomical groupings. Since many categories (arthropod orders, spider families, and
ant genera) contained very low frequency data, many taxa were pooled for the G-tests of
independence; taxa were pooled if any category constituent was observed less than 5 times in
any transect line. For arthropod order G-test of independence calculations, Ephemeroptera,
Siphonaptera, Phasmatodea, Mantodea, Trichoptera, Isoptera, Diplopoda, Zygentoma,
Neuroptera, and Plecoptera were pooled; for spider family G-test of independence calculations,
Clubionidae, Philodromidae, Miturgidae, Corinnidae, Cyrtaucheniidae, Mimetidae, Sicariidae,
Oonopidae, Ctenizidae, Filistatidae, Oecobiidae, Agelenidae, Anyphaenidae, Araneidae,
Zoropsidae, and Tetragnathidae were pooled; for ant genus G-test of independence calculations,
Cyphomyrmex, Leptogenys, Trachymyrmex, Brachymyrmex, Crematogaster, and Linepithema
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were pooled.
Cumulative arthropod orders, spider families, and ant genera were randomized 20
times—as if the sample dates were randomly added to the inventory instead of sequentially—and
the means and standard deviations were plotted against sampling effort (days in this case);
random placement curves for the respective data sets’ cumulative taxa were plotted against the
observed, averaged curves. Colwell and Coddington (1994) refer to this as a “collector’s curve,”
which has many uses. Magurran (2004) states they can be used to visualize the evenness of a set
of data; the random placement curve is essentially what the graph would look like if the data set
was completely even—that is, the same number of individuals in each taxon for each sample and
grouping. A horizontal asymptote is always generated, and it approaches Smax (the total number
of orders, families, or genera that could possibly be found in Transects A, B, or C). Perhaps more
importantly, provided the expected (random placement) curve does not rise significantly more
steeply from the origin, Ŝmax, a maximum likelihood estimator for Smax, can be calculated.
Extrapolation of Ŝmax is tedious and explained in detail by Colwell and Coddington (1994).
When the random placement curve rises more steeply than the observed data curve, a
non-parametric richness estimator must be used. Colwell and Coddington (1994) argue in favor
of SChao2 when considering the distribution of taxa among samples and provide a variance
estimator. SChao2 and its variance estimator are simple to calculate and are explained in Colwell
and Coddington (1994); both rely on L, the number of taxa that appear in only one sample, and
M, the number of taxa that appear in exactly two samples. Because of this, estimations from data
sets containing many singletons typically have a large variance due to the large amount of
uncertainty in the probability of encountering a new taxon with successive sampling.
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RESULTS
Point-Quarter Calculations
Shrub species, abundance, relative density, and relative dominance in Transects A, B, and
C are in Table 2. Transect A was mostly very densely packed V. rigidula; its relative density and
relative dominance were 75.00 and 76.04, respectively, with D. texana following with a relative
density and relative dominance of 10.71 and 13.66, respectively.
Table 2. Major Shrub Relative Density and Dominance. Note relative density only reflects
individuals’ spatial configuration; relative dominance takes into account the number of branches
and the size of those branches in addition to the individuals’ spatial configuration.
Transect
Relative
A
Species
Abundance Relative Density
Dominance
Vachellia rigidula
21
75.00
76.04
Diospyros texana
3
10.71
13.66
Karwinskia
humboldtiana
2
7.14
0.82
Forestiera augustifolia
1
3.57
0.03
Prosopis glandulosa
1
3.57
9.45
Transect
Relative
B
Species
Abundance Relative Density
Dominance
Prosopis glandulosa
14
50.00
94.26
Vachellia rigidula
4
14.29
2.01
Diospyros texana
4
14.29
1.11
Karwinskia
humboldtiana
2
7.14
0.28
Senegalia berlandieri
1
3.57
1.21
Juniperus ashei
1
3.57
0.85
Ziziphus obtusifolia
1
3.57
0.19
Parkinsonia texana
1
3.57
0.09
Transect
Relative
C
Species
Abundance Relative Density
Dominance
Vachellia rigidula
13
46.43
42.87
Diospyros texana
5
17.86
10.02
Prosopis glandulosa
5
17.86
17.15
Ziziphus obtusifolia
2
7.14
0.22
Parkinsonia texana
1
3.57
2.51
Yucca treculeana
1
3.57
27.14
Acacia wrightii
1
3.57
0.08
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Transect A was the most densely wooded transect line; the average distance between V.
rigidula individuals and the center points was 279.2 cm, and the average distance between all
individuals and the center points (𝑑̅ ) was 263.7 cm. Transect B was heavily dominated by P.
glandulosa; its relative density and relative dominance were 50.00 and 94.26, respectively. V.
rigidula was the second-most common shrub in Transect B with a relative density and relative
dominance of 14.29 and 2.01, respectively. Transect B was the least densely wooded transect
line; the average distance between P. glandulosa and the center point was 720.5 cm, and 𝑑̅ =
497.6 cm. Transect C, the mixed vegetation transect, was also dominated by V. rigidula but to a
much lesser extent than Transect A. Its relative density and relative dominance are 46.43 and
42.87, respectively, and D. texana and P. glandulosa follow; their relative densities are equal at
17.86, and their relative dominances are 10.02 and 17.15, respectively. The average distance
between V. rigidula individuals and the center points in Transect C was 399.3 cm, and 𝑑̅ = 364.1
cm.
Arthropod Orders
Arthropod order abundances are displayed in Table 3; ants and arachnids are not included
as they were sorted and analyzed separately. In total, 10899 arthropods were collected from
Transect A, 6369 were collected from Transect B, and 7078 were collected from Transect C.
Relative abundances of arthropod orders are depicted in Figure 1, and direct comparisons
of those relative abundances are in Table 4. The largest disparities in relative abundance
occurred in Diptera (Transect A and Transect B: 0.2485; Transect A and Transect C: 0.1047;
Transect B and Transect C: -0.1438) and in Coleoptera (Transect A and Transect B: -0.0810;
Transect B and Transect C: 0.0726).
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Table 3. Arthropod Order Abundances. Hymenoptera* does not include ants because ants were
sorted and analyzed separately. Arachnids are also not included in this table. The G-Test of
Independence figures are also listed.
Transect Transect Transect
Order
A
B
C
Diptera
6723
2346
3625
Ephemeroptera
4
0
10
Hymenoptera*
520
477
483
Hemiptera
158
116
110
Coleoptera
834
1003
601
Blattodea
112
58
39
Orthoptera
155
83
140
Siphonaptera
10
3
4
Lepidoptera
103
54
92
Phasmatodea
0
4
2
Lithobiomorpha
22
25
12
Thysanoptera
22
30
51
Mantodea
1
3
1
Trichoptera
11
7
3
Isopoda
0
4
3
Odonata
7
6
8
Psocoptera
186
381
70
Collembola
2017
1706
1775
Diplopoda
0
1
0
Zygentoma
3
10
9
Neuroptera
0
2
4
Plecoptera
0
0
3
Mecoptera
11
50
33
SUM
10899
6369
7078
Gadj
1443.7
df
26
p
< 0.0001

G-test of independence figures are in Table 3. The critical value for df = 26 and α = 0.05
is approximately 38.89, and Gadj was 1443.7 for arthropods listed in Table 3, and p < 0.0001.
Shannon’s diversity (H’) and evenness (J’) indices for arthropod orders are in Table 5. H’
= 1.2906, 1.7168, and 1.4740 for Transects A, B, and C, respectively, and Hmax, the value of H’
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Arthropod Order Relative Abundance by Transect Line
Mecoptera
Plecoptera
Neuroptera
Zygentoma
Diplopoda
Collembola
Psocoptera
Odonata
Isopoda

Arthropod Order

Trichoptera
Mantodea
Thysanoptera
Lithobiomorpha
Phasmatodea
Lepidoptera
Siphonaptera
Orthoptera
Blattodea
Coleoptera
Hemiptera
Hymenoptera (excluding ants)
Ephemeroptera
Diptera
0

0.1

0.2

0.3

0.4

0.5

0.6

Relative Abundance
Transect A

Transect B

Transect C

Figure 1. Arthropod Order Relative Abundance by Transect Line. Those orders that appear to
have no data were present in very small numbers; many were singletons.

0.7
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Table 4. Comparisons of Relative Abundances of Arthropod Orders among Transects A, B, and
C. The largest disparities in relative abundance occurred in Diptera (all three comparisons) and in
Coleoptera (A-B and B-C only). Hymenoptera* does not include ants because ants were sorted
and analyzed separately.
Order
A-B
A-C
B-C
Diptera
0.2485 0.1047 -0.1438
Ephemeroptera
0.0004 -0.0010 -0.0014
Hymenoptera*
-0.0272 -0.0205 0.0067
Hemiptera
-0.0037 -0.0010 0.0027
Coleoptera
-0.0810 -0.0084 0.0726
Blattodea
0.0012 0.0048 0.0036
Orthoptera
0.0012 -0.0056 -0.0067
Siphonaptera
0.0004 0.0004 -0.0001
Lepidoptera
0.0010 -0.0035 -0.0045
Phasmatodea
-0.0006 -0.0003 0.0003
Lithobiomorpha
-0.0019 0.0003 0.0022
Thysanoptera
-0.0027 -0.0052 -0.0025
Mantodea
-0.0004 0.0000 0.0003
Trichoptera
-0.0001 0.0006 0.0007
Isopoda
-0.0006 -0.0004 0.0002
Odonata
-0.0003 -0.0005 -0.0002
Psocoptera
-0.0428 0.0072 0.0499
Collembola
-0.0828 -0.0657 0.0171
Diplopoda
-0.0002 0.0000 0.0002
Zygentoma
-0.0013 -0.0010 0.0003
Neuroptera
-0.0003 -0.0006 -0.0003
Plecoptera
0.0000 -0.0004 -0.0004
Mecoptera
-0.0068 -0.0037 0.0032

Table 5. Shannon Diversity and Evenness Indices for Arthropod Orders.
Transect
H'
J'
Hmax
A
1.2906
0.4465
2.8904
B
1.7168
0.5639
3.0445
C
1.4740
0.4768
3.0910

in the unlikely event that all taxa are present at identical abundances (Magurran 2004), was
2.8904, 3.0445, and 3.0910 for Transects A, B, and C, respectively. J’ measures the evenness
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component of diversity and is calculated by dividing H’ by Hmax, or lnS. S is the number of
cumulative orders (or families or genera) collected in a transect (Magurran 2004). J’ = 0.4465,
0.5639, and 0.4768 for Transects A, B, and C, respectively.
Simpson’s diversity (1/D) and evenness (E1/D) indices for arthropod orders are in Table 6.
The index is greatly affected by high relative abundances in the samples. As D increases,
diversity and evenness decrease; therefore, the index is often expressed as 1/D or 1-D (Magurran
2004). 1/D = 2.36, 4.13, and 2.96, and E1/D = 0.13, 0.20, and 0.13 for Transects A, B, and C,
respectively.

Table 6. Simpson Diversity and Evenness Indices for Arthropod Orders.
Transect
D
1/D
1-D
E1/D
A
0.42
2.36
0.58
0.13
B
0.24
4.13
0.76
0.20
C
0.34
2.96
0.66
0.13

A collector’s curve for arthropod orders was constructed for each transect, and these are
displayed in Figures 2, 3, and 4. In Figure 2, the random placement curve rises more steeply
from the origin than the randomized means of the observed data points from Transect A; the first
six data points on the random placement curve fall above the standard error of the observational
data. Therefore, extrapolation is not possible, and the SChao2 estimator and its estimated variance
must be given preference (Colwell & Coddington 1994). In Figure 3, the two curves overlap
much more cleanly in the leftmost data points compared to the collector’s curve for Transect A,
so extrapolation calculations for Ŝmax are possible (Colwell & Coddington 1994). The curves in
Figure 4 overlap somewhat well near the origin, but most of the points in the random placement
curve are in the upper boundary of the standard error of the observational data from Transect C.
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Arthropod order richness extrapolation figures are displayed in Table 7, and arthropod
order richness estimations are in Table 8. Ŝmax = 15.11, 20.37, and 23.06 for Transects A, B, and
C, respectively. These are attempts at calculating the y-value of the asymptote (Smax) in Figures
2, 3, and 4. SChao2 = 21.13, 21.10, and 22.50, and var(SChao2) = 0.13, 0.09, and 3.76, for Transects
A, B, and C, respectively.
Spider Families
Spider family abundances are displayed in Table 9. In total, 763 spiders were collected
from Transect A, 634 were collected from Transect B, and 574 were collected from Transect C.
Relative abundances of spider families are depicted in Figure 5, and direct comparisons of those
relative abundances are in Table 10. The largest disparities in relative abundance occurred in
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Figure 2. Collector’s Curve for Arthropod Orders in Transect A.
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Figure 3. Collector’s Curve for Arthropod Orders in Transect B.
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Figure 4. Collector’s Curve for Arthropod Orders in Transect C.
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Table 7. Arthropod Order Richness Extrapolation. Ŝmax and B̂ are maximum likelihood estimators
of Smax and B (Colwell & Coddington 1994). Smax refers to the maximum number of arthropod
orders that could possibly be found in Transects A, B, and C. The low Smax value in Transect A is
discussed in the discussion section.
Transect A

Transect B

Transect C

B̂

6.59

14.73

23.88

Ŝmax

15.11

20.37

23.06

Table 8. Arthropod Order Richness Estimation. SChao2 is a non-parametric estimator of richness; it
was used because the random placement curve for Transect A (Figure 5) rises more steeply from
the origin compared to the randomized curve (Colwell & Coddington 1994).
Transect A Transect B Transect C
1
1
3
L
4
5
3
M
21.13
21.10
22.50
SChao2
0.25
0.20
1.00
L/M
0.13
0.09
3.76
var(SChao2)

Salticidae (Transect A and Transect B: 0.1696; Transect A and Transect C: 0.1982) and in
Gnaphosidae (Transect A and Transect C: -0.1312; Transect B and Transect C: -0.1240).
G-test of independence figures are in Table 9. The critical value for df = 26 and α = 0.05
is approximately 38.89, and Gadj was 143.8 for spider families listed in Table 9, and p < 0.0001.
Shannon’s diversity and evenness indices for spider families are in Table 11. H’ =
2.0272, 2.3505, and 2.2972 for Transects A, B, and C, respectively, and Hmax, the value of H’ =
3.1781, 3.1355, and 3.2189 for Transects A, B, and C, respectively. J’ = 0.4465, 0.5639, and
0.4768 for Transects A, B, and C, respectively. Simpson’s diversity and evenness indices for
spider families are in Table 12. 1/D = 4.34, 7.12, and 6.64, and E1/D = 0.18, 0.31, and 0.27 for
Transects A, B, and C, respectively.
A collector’s curve for spider families was constructed for each transect, and these are
displayed in Figures 6, 7, and 8. In Figure 6, the curves overlap somewhat near the origin; most
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Table 9. Spider Family Abundances. 24 families were found in Transect A, 23 were found in
Transect B, and 25 were found in Transect C. The G-Test of Independence figures are also listed.
Salticidae

Transect A
328

Transect B
165

Transect C
133

Lycosidae

109

130

88

Gnaphosidae

86

76

140

Phrurolithidae

50

42

35

Linyphiidae

42

49

37

Clubionidae

28

13

4

Oxyopidae

22

27

32

Liocranidae

16

20

7

Theridiidae

13

8

15

Caponiidae

11

8

9

Dictynidae

10

8

6

Pholcidae

6

17

8

Philodromidae

5

4

4

Thomisidae

5

5

13

Ctenidae

5

7

11

Miturgidae

4

6

5

Corinnidae

4

30

11

Cyrtaucheniidae

4

0

2

Mimetidae

3

1

2

Sicariidae

3

8

1

Oonopidae

2

0

0

Ctenizidae

5

0

0

Filistatidae

1

0

1

Oecobiidae

1

0

1

Agelenidae

0

0

1

Anyphaenidae

0

5

0

Araneidae

0

3

6

Zoropsidae

0

1

1

Tetragnathidae
SUM
Gadj
df
p

0
763
143.5
26
< 0.0001

1
634

1
574
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Spider Family Relative Abundance by Transect Line
Tetragnathidae
Zoropsidae
Araneidae
Anyphaenidae
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Ctenizidae
Oonopidae
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Mimetidae
Cyrtaucheniidae

Spider Family
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Figure 5. Spider Family Relative Abundance by Transect Line.
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Table 10. Comparisons of Relative Abundances of Spider Families among Transects A, B, and C.
The largest disparities in relative abundance occurred in Salticidae (A-B and A-C) and in
Gnaphosidae (A-C and B-C).
Comparisons
A-B
A-C
B-C
Salticidae
0.1696
0.1982
0.0285
Lycosidae
-0.0622
-0.0105
0.0517
Gnaphosidae
-0.0072
-0.1312
-0.1240
Phrurolithidae
-0.0007
0.0046
0.0053
Linyphiidae
-0.0222
-0.0094
0.0128
Clubionidae
0.0162
0.0297
0.0135
Oxyopidae
-0.0138
-0.0269
-0.0132
Liocranidae
-0.0106
0.0088
0.0194
Theridiidae
0.0044
-0.0091
-0.0135
Caponiidae
0.0018
-0.0013
-0.0031
Dictynidae
0.0005
0.0027
0.0022
Pholcidae
-0.0190
-0.0061
0.0129
Philodromidae
0.0002
-0.0004
-0.0007
Thomisidae
-0.0013
-0.0161
-0.0148
Ctenidae
-0.0045
-0.0126
-0.0081
Miturgidae
-0.0042
-0.0035
0.0008
Corinnidae
-0.0421
-0.0139
0.0282
Cyrtaucheniidae
0.0052
0.0018
-0.0035
Mimetidae
0.0024
0.0004
-0.0019
Sicariidae
-0.0087
0.0022
0.0109
Oonopidae
0.0026
0.0026
0.0000
Ctenizidae
0.0066
0.0066
0.0000
Filistatidae
0.0013
-0.0004
-0.0017
Oecobiidae
0.0013
-0.0004
-0.0017
Agelenidae
0.0000
-0.0017
-0.0017
Anyphaenidae
-0.0079
0.0000
0.0079
Araneidae
-0.0047
-0.0105
-0.0057
Zoropsidae
-0.0016
-0.0017
-0.0002
Tetragnathidae
-0.0016
-0.0017
-0.0002

Table 11. Shannon Diversity and Evenness Indices for Spider Families.
Transect
H'
J'
Hmax
A
2.0272
0.6379
3.1781
B
2.3505
0.7496
3.1355
C
2.2972
0.7137
3.2189
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Table 12. Simpson Diversity and Evenness Indices for Spider Families.
Transect
D
1/D
1-D
E(1/D)
A
0.23
4.34
0.77
0.18
B
0.14
7.12
0.86
0.31
C
0.15
6.64
0.85
0.27
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Figure 6. Collector’s Curve for Spider Families in Transect A.

of the leftmost data points in the random placement curve are in the upper boundary of the
standard error of the observational data from Transect A, and two fall above the standard error of
the observational data. In Figure 7, the two curves align well in the leftmost data points
compared to the collector’s curve for Transect A, so extrapolation calculations for Ŝmax are
possible (Colwell & Coddington 1994). The curves in Figure 8 overlap somewhat well near the
origin, but most of the points in the random placement curve are in the upper boundary of the
standard error of the observational data from Transect C, and one point falls above the standard
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Figure 7. Collector’s Curve for Spider Families in Transect B.
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error of the observational data.
Spider family richness extrapolation figures are displayed in Table 13, and spider family
richness estimations are in Table 14. Ŝmax = 28.97, 21.30, and 26.29 for Transects A, B, and C,
respectively. SChao2 = 22.5, 25, and 45.5, and var(SChao2) = 3.76, 18.13, and 364.63, for Transects
A, B, and C, respectively.

Table 13. Spider Family Richness Extrapolation. Ŝmax and B̂ are maximum likelihood estimators
of Smax and B (Colwell & Coddington 1994). Smax refers to the maximum number of spider families
that could possibly be found in Transects A, B, and C.
Transect A

Transect B

Transect C

B̂

29.47

8.62

14.48

Ŝmax

28.97

21.30

26.29

Table 14. Spider Family Richness Estimation. The high variance for SChao2 in Transect C reflects
a high degree of uncertainty in the estimation. *Note M = number of families that appeared in
exactly two samples, so the calculations for Transect C were carried out as if a single family met
that criterion for the sake of comparison.
Transect Transect Transect
A
B
C
3
4
7
L
3
2
1*
M
22.5
25
45.5
Schao2
1
2
7
L/M
3.76
18.13
364.63
var(SChao2)

Ant Genera
Ant genera abundances are displayed in Table 15. In total, 2239 ants were collected from
Transect A, 1181 were collected from Transect B, and 2273 were collected from Transect C.
Relative abundances of ant genera are depicted in Figure 9, and direct comparisons of those
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relative abundances are in Table 16. The largest disparities in relative abundance occurred in
Solenopsis (Transect A and Transect B: 0.0590) and in Cyphomyrmex (Transect A and Transect
B: 0.1074; Transect A and Transect C: 0.1015).
G-test of independence figures are in Table 15. The critical value for df = 30 and α = 0.05
is approximately 43.77, and Gadj was 542.9 for ant genera listed in Table 15, and p < 0.0001.
Shannon’s diversity and evenness indices for ant genera are in Table 17. H’ = 2.1427,
2.2239, and 2.3319 for Transects A, B, and C, respectively, and Hmax = 3.0445 for all transect
lines because the same genera were found in each transect. J’ = 0.7038, 0.7305, and 0.7659 for
Transects A, B, and C, respectively. Simpson’s diversity and evenness indices for ant genera are
in Table 18. 1/D = 6.18, 5.76, and 7.10, and E1/D = 0.29, 0.27, and 0.34 for Transects A, B, and
C, respectively.
A collector’s curve for ant genera was constructed for each transect (Figures 10, 11, and
12). In each graph, the random placement curve rises more steeply from the origin compared to
their observed data set counterparts, so estimation of Smax via extrapolation is not possible. Ant
genera richness estimations are in Table 19. SChao2 = 33.50, 21.08, and 21.17, and var(SChao2) =
113.69, 0.07, and 0.19, for Transects A, B, and C, respectively.

Table 15. Ant Genera Abundances. The same 21 genera were collected from each transect. The
G-Test of Independence figures are also listed.
Transect
Transect
Transect
Genus
A
B
C
Solenopsis
225
49
165
Paratrechina
81
46
59
Forelius
63
101
199
Crematogaster
1
4
13
Pogomyrmex
13
29
61
Formica
105
128
182
Linepithema
1
3
15
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Table 15. Continued
Genus
Tapinoma
Labidus
Pseudomyrmex
Leptogenys
Aphaenogaster
Atta
Dorymyrmex
Cyphomyrmex
Monomorium
Pheidole
Tetramorium
Trachymyrmex
Brachymyrmex
Campotonus
SUM
Gadj
df
p

Transect
A
5
38
11
2
47
47
217
248
661
434
31
2
2
5
2239
452.9
30
< 0.0001

Transect
B
15
5
9
14
21
38
61
4
413
183
8
25
18
7
1181

Transect
C
43
34
23
34
54
10
189
21
576
492
61
32
1
9
2273

Table 16. Comparisons of Relative Abundances of Ant Genera among Transects A, B, and C. The
largest disparities in relative abundance occurred in Solenopsis (A-B only) and in Cyphomyrmex
(A-B and A-C).
Genus
A-B
A-C
B-C
Solenopsis
0.0590 0.0279 -0.0311
Paratrechina -0.0028 0.0102 0.0130
Forelius
-0.0574 -0.0594 -0.0020
Crematogaster -0.0029 -0.0053 -0.0023
Pogomyrmex -0.0187 -0.0210 -0.0023
Formica
-0.0615 -0.0332 0.0283
Linepithema -0.0021 -0.0062 -0.0041
Tapinoma
-0.0105 -0.0167 -0.0062
Labidus
0.0127 0.0020 -0.0107
Pseudomyrmex -0.0027 -0.0052 -0.0025
Leptogenys
-0.0110 -0.0141 -0.0031
Aphaenogaster 0.0032 -0.0028 -0.0060
Atta
-0.0112 0.0166 0.0278
Dorymyrmex
0.0453 0.0138 -0.0315
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Table 16. Continued
Transect Transect Transect
Genus
A
B
C
Cyphomyrmex
0.1074
0.1015
-0.0059
Monomorium
-0.0545
0.0418
0.0963
Pheidole
0.0389
-0.0226
-0.0615
Tetramorium
0.0071
-0.0130
-0.0201
Trachymyrmex -0.0203
-0.0132
0.0071
Brachymyrmex -0.0143
0.0005
0.0148
Campotonus
-0.0037
-0.0017
0.0020

Ant Genus Relative Abundance by Transect Line
Linepithema
Crematogaster
Brachymyrmex
Trachymyrmex
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Ant Genus

Pogomyrmex
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Figure 9. Ant Genus Relative Abundance by Transect Line.
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Table 17. Shannon Diversity and Evenness Indices for Ant Genera.
Transect
H'
J'
Hmax
A
2.1427
0.7038
3.0445
B
2.2239
0.7305
3.0445
C
2.3319
0.7659
3.0445
Table 18. Simpson Diversity and Evenness Indices for Ant Genera.
Transect
D
1/D
1-D
E(1/D)
A
0.16
6.18
0.84
0.29
B
0.17
5.76
0.83
0.27
C
0.14
7.10
0.86
0.34
Table 19. Ant Genera Richness Estimation. SChao2 is a non-parametric estimator of richness; it was
used because the random placement curves for all transects (Figures 16, 17, and 18) rise more
steeply from the origin compared to the randomized curves (Colwell & Coddington 1994).
Transect A
Transect B
Transect C
5
1
1
L
1
6
3
M
33.50
21.08
21.17
SChao2
5
0.17
0.33
L/M
133.69
0.07
0.19
var(SChao2)
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Figure 10. Collector’s Curve for Ant Genera in Transect A.
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Figure 11. Collector’s Curve for Ant Genera in Transect B.
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Figure 12. Collector’s Curve for Ant Genera in Transect C.
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DIPTERA RELATIVE ABUNDANCE AND MEAN
POINT-TO -INDIVIDUAL DISTANCE
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Figure 13. Diptera Relative Abundance and Mean Point-to-Individual Distance. This is further
discussed in the discussion section.
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DISCUSSION
Transect Lines, Point-Quarter Calculations, and the Mesquite-Nucleus Hypothesis
The plant species composition of Transects A and C are starkly different than Transect B,
and Transects A and C are somewhat similar; Transect C appears more mixed than Transect A
because V. rigidula is not as densely configured—nor is it as dominant—and two more species
are represented in Transect C than in Transect A (Table 2). Dominance matters more than
density when describing the basal structure of a parkland; relative dominance takes into account
the number of branches or trunks and their size, while relative density only reflects individuals’
spatial configuration. This is why P. glandulosa dominates Transect B so heavily despite having
a relative density of only 50 and only 14 (of possibly 28) individuals present on the entire line: P.
glandulosa individuals were much larger than other individuals from other species in the
transect. Transect C also looks different than Transect A because of the presence of one very
large Y. treculeana individual—had this been any other smaller plant, the relative dominance of
V. rigidula could have been more similar between Transects A and C. Still, the discrepancy in
foliage density allows for the examination of this factor and its relationship to arthropod
assemblage composition.
The floral community spatial arrangement aligns well with Archer’s (1995) predictions
about the succession patterns in savannah-like rangelands; shrubs and invading grasses are
prevalent, and native grasses are absent. Although P. glandulosa has a very high relative
dominance in Transect B, V. rigidula and D. texana abundances appear stable among the transect
lines, and Transect B has the most plant species recorded while Transect A has the fewest. This
suggests that V. rigidula is possibly better at establishing territory or at least excluding other
species from encroaching, perhaps because individuals in the population grow in more dense

37
clusters than P. glandulosa; however, more studies are needed to determine if a uniform distance
between individuals of V. rigidula or P. glandulosa exists to discuss plant territories further.
Unfortunately, P. glandulosa spatial patterns must be analyzed over time to support or refute
Archer’s (1995) prediction that P. glandulosa populations would decline as other woody plant
species encroach and displace. However, the data in Table 2 seem to support the notion that P.
glandulosa facilitates the brushland’s succession into a thorny mosaic of several woody plant
species. The transect heavily dominated by P. glandulosa was least densely wooded and had the
most newly established (smaller) shrubs. The mesquite-nucleus hypothesis proposed by Archer is
not refuted by this study’s findings (there are uncanny resemblances between the study sites and
Archer’s (1995) predictions about what the succession should look like), but it cannot be
supported without further research. Aerial drone photography in addition to researchers on the
ground can make assessments of territory changes in P. glandulosa and V. rigidula easier and
cheaper.
Arthropod Orders
Arthropod abundance was highest in Transect A and lowest in Transect B, suggesting a
negative correlation with 𝑑̅. Ŝmax for arthropod order richness in Transects B and C seem
reasonably estimated at 20.07 and 23.06 (Table 7), respectively; 21 and 22 orders were actually
collected from Transects B and C, respectively. SChao2 estimated 21.10 (variance = 0.09) and
22.50 (variance = 3.76) total arthropod families could exist in Transects B and C (Table 8),
respectively, and Schao2 was estimated at 21.13 for Transect A (variance = 0.13), which seems
more accurate than the extrapolated figure considering 18 orders were actually collected from
Transect A. The true number of arthropod orders in Transect A is probably closer to SChao2 than
Ŝmax, which is likely underestimated due to how uneven the community of Transect A appears in
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the data. Transect B is most diverse according to this data, especially when evenness is
considered. Pidgeon et al. (2001) found mesquite to house the greatest avian diversity in the
Chihuahuan Desert, a neighboring biotic province, and the increased arthropod order diversity in
Transect B in the present study very modestly corroborates these results; increased food item
variability (arthropod richness) would logically attract more diverse predators (birds). Another
perspective is that a more diverse bird community can increase pressure on the arthropod
community, making it more difficult for any one arthropod order to become more abundant than
the others; this is reflected in the evenness components in the Shannon and Simpson indices for
arthropod orders (Tables 5 and 6).
Gadj in Table 3 is above the critical value (38.89) with p < 0.0001, indicating large
differences in arthropod community constituent relative abundances at the order level. Therefore,
Null Hypothesis 1 is rejected. Direct comparisons of these relative abundances (Table 4) reveal
the relative abundances of Diptera and Coleoptera to be most different between the transects.
Coleopteran relative abundance was similar between Transects A and C (0.077 and
0.085), but it was highest in Transect B (0.157). Data loss due to traps being overturned—
presumably by peccary rooting and digging in the loose dirt or other wildlife—was a serious
problem. Trap B5 was overturned preferentially, probably because it was beneath an extensive
mesquite canopy in a dirt patch with no grass; the area was likely visited more often by large
wildlife such as peccary rooting or deer foraging than other areas. It was not uncommon to find
wildlife feces (usually peccary) in the traps in Transect B, and those traps not overturned often
had many more dung beetles than other traps without droppings. This is probably the reason for
the difference in relative abundances of Coleoptera among the transect lines. The fact that
Transect B was least dense was likely a factor increasing large wildlife traffic in that area.
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Dipteran relative abundance was different between all transect lines (Figure 1), but it
consistently had the highest relative abundance in all transect lines (0.617, 0.368, and 0.512 for
Transects A, B, and C, respectively). It’s interesting that Dipteran relative abundances seem
negatively correlated with 𝑑̅ (Figure 13). This relationship should be further investigated to
establish whether it exists and the possible presence of other confounding factors (like V.
rigidula dominance, for example).
Spider Families
Spider family abundances were more similar across transects than arthropod orders were,
and there was no correlation with 𝑑̅ (Table 9). The true number of spider families within the
transects is probably between the two estimations, Ŝmax and SChao2 (Tables 13 and 14). However,
SChao2 could not be calculated for Transect C because the data set did not meet the requirements
for its calculation—there were no spider families that appeared in exactly two samples in
Transect C, and this missing figure appears as a denominator in the calculation. It should be
noted that the calculation for SChao2 and its variance were calculated as if a single spider family
was found in exactly two collections for Transect C, and this was done for the sake of
comparison, but the fact is no spider family met this criterion in Transect C. SChao2 is a nonparametric estimator of species richness; it was used because the random placement curves for
Transects A and C (Figures 6 and 8) rise more steeply from the origin compared to the
randomized curves (Colwell & Coddington 1994). The number of observed spider families
among transect lines were also tightly grouped: 24, 23, and 25 for Transects A, B, and C,
respectively. Because of this tight grouping and the large variance for SChao2, it is likely that the
same spider families can be found in all transect lines but at different frequencies. However, just
like in the assessments of arthropod order diversity, Transect B appears more diverse concerning
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spider families in these data because it is more even. It is even more diverse than Transect C,
which had 2 more spider families present, because of its evenness (Tables 11 and 12).
Gadj in Table 9 is above the critical value (38.89) with p < 0.0001, indicating large
differences in spider community constituent relative abundances at the family level. Therefore,
Null Hypothesis 2 must be rejected. Direct comparisons of these relative abundances (Table 10)
reveal the relative abundances of Salticidae and Gnaphosidae to be most different between the
transects.
Salticid (jumping spider) relative abundance (Figures 7, 8, and 9) was similar between
Transects B and C (0.260 and 0.233), but it was almost double in Transect A (0.432). Data was
reviewed to ensure a random event, like a clutch of several eggs falling into the trap and several
immature spiders hatching, for example, could not account for this large difference; no such
event was detected. Generally, Salticidae hunt actively as opposed to snaring prey in a
web, but there are exceptions to this (Richman & Jackson 1992), and the dense foliage of
Transect A possibly provides many opportunities for varied hunting patterns compared to the
less dense Transects B and C.
Gnaphosid (ground spider) relative abundance was highest in Transect C (0.245) and
similar in Transects A (0.113) and B (0.120). As with Salticidae, no random events that could
skew these data were detected. Transect B was less densely wooded than the other transects,
which allowed more contiguous stretches of buffel grass and less bare ground, and Transect A
was most densely wooded, possibly allowing more competition for prey items from other spiders
and predators. Generally, ground spiders do not capture prey in a web and instead hunt down
prey (Bradley & Buchanan 2013). Ultimately, it is unclear why ground spiders have a higher
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relative abundance in Transect C. Competition and availability of preferred prey are suspect and
should be investigated.
Ant Genera
Transect B had about half as many ants compared to Transects A and C (Table 15). Ant
counts were very similar between Transects A and C (2239 and 2273, respectively), but
community composition differed significantly (discussed below).
Ŝmax for ant genus richness could not be extrapolated because ant communities are very
uneven in each transect line. The same 21 ant genera were all found in each transect line but with
some differences in relative genera abundances (Table 16). SChao2 = 33.50 (variance = 133.69) for
Transect A, SChao2 = 21.08 (variance = 0.07) for Transect B, and SChao2 = 21.17 (variance = 0.19)
for Transect C ant genera (Table 19). The high variance for Transect A’s estimated genus
richness is caused by the high number of singletons (5) and low number of doubletons (1) in the
samples. It is likely all or nearly all ant genera were discovered in the collections from each
transect since SChao2 ≈ 21 for Transects B and C, and the same 21 ant genera were recorded in
each transect line.
Gadj in Table 15 are well above the critical value (43.77) with p < 0.0001, indicating large
differences in ant community constituent relative abundances at the genus level. Therefore, Null
Hypothesis 3 must be rejected. Direct comparisons of these relative abundances (Table 16)
reveal the relative abundances of Cyphomyrmex (fungus-growing ant) to be most different
between the transects. Two samples, A4 from 17 October 2015 and A2 from 21 November 2015,
contain ~96.8% of all Cyphomyrmex individuals found in Transect A. This suggests that the
higher Cyphomyrmex relative abundance in Transect A is due to random chance—an ant colony
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might be disturbed when setting or resetting traps, prompting a response from the colony that
traps more individuals than average, for example.
H’, J’, 1/D, and E(1/D), were similar for ant genera among all transect lines (Tables 17 and
18). The Shannon indices are particularly easy to interpret here because the same ant genera were
found in all transect lines, making Hmax identical for all lines. Ant genera diversity is more
similar among the transects than either of the other taxonomic groupings in this study. This is not
necessarily evidence refuting the mesquite-nucleus hypothesis. Many ant genera, including
Cyphomyrmex, which nests in fallen trees and soil, are generalists (Mackay & Serna 2010).
Additionally, ants are generally not good proxies for estimating faunal diversity in rangeland
ecosystems (Whitford et al. 1997), and the findings in this ant community analysis agree on this
point.
Considerations for Future Research
If these methods are to be replicated in future studies, collection procedures should be
modified to increase efficiency while sorting and to increase sample size. One modification
would make a tremendous difference in these regards: leaving the traps to collect for 24 hours
instead of several days at a time. This will increase sample size (up to 365 samples per year) and
decrease the number of individuals per sample to locate and identify. It will also decrease the
amount of unwanted litter and other contaminants, reducing cleaning and sorting time. This type
of study needs to be continued over years, not six months, to assess phenology and other trends
over time.
Finally, specific taxa should be investigated as well as any suspected relationships with
plant communities or a specific plant. A good place to begin investigating would be with the
spider family, Salticidae, in blackbrush-dominated rangeland since there was a stark increase in
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its relative abundance in Transect A. A related question worth investigating would be: Is the
relative abundance of Salticidae higher on mesquite or blackbrush trees? Beating sheets should
be used in tandem with pitfall traps to assess where jumping spiders are more likely to be found
more precisely.
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