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Map-scale folds in Big Brushy Canyon, Northern Sierra del Carmen, 
Big Bend Region, Texas
 
Laiza	V.	Vera-Lopez,	Bailey	L.	Welch,	and	Joseph	I.	Satterfield,	PhD

Abstract

 Detailed, 1:12,000-scale mapping and structural analysis of a 30 km2 area within 
northern Sierra del Carmen document two generations of Laramide folds cross-cut by 
Basin and Range high-angle faults, drag folds, and fault-propagation folds. The Big 
Brushy Canyon map area falls within the Black Gap Wildlife Management Area, Big 
Bend National Park, and the Shackelford Ranch. Geologic maps of Moustafa (1988; 
scale 1:48,000) and St. John (1966; scale 1:62,500) cover this area. Ferrill and oth-
ers (2004) and Smart and others (2010) described  an extensional fault-propagation 
fold in Big Brushy Canyon. Our mapping will be part of a geologic map of Northern 
Sierra Del Carmen to be submitted for publication in 2016. Cretaceous rock units ex-
posed include the Del Carmen Limestone, Sue Peaks Formation, Santa Elena Lime-
stone, Del Rio Clay, Buda Limestone, and Boquillas Formation. Tertiary mafic sills 
intrude the Boquillas Formation. First-phase Laramide folds contain axial planes at 
332 85NE (average), fold axes at 327 45 (average), and an average interlimb angle of 
52°. Second-phase Laramide folds contain axial planes at 074 90 (average), fold axes 
at 254 8 (average), and an average interlimb angle of 166°. Third-phase Basin and 
Range folds, caused by high-angle faults, contain axial planes at 322 64W (average), 
fold axes of 322 10 (average), and an average interlimb angle of 92°. Four other NW-
striking map-scale monoclines have orientations similar to first-phase and third-phase 
folds and so could be Laramide fault-propagation folds above reverse faults, or Basin 
and Range fault-propagation folds above normal faults, or both. Folds containing small 
interlimb angles must be Laramide first-phase folds, while drag folds adjacent to Basin 
and Range faults must be third-phase folds.

*****

Location and Objectives

 The Big Brushy Canyon map area falls within northern Sierra del Carmen 
in the eastern Big Bend region of Trans-Pecos Texas (Fig. 1). The map 
area includes the Black Gap Wildlife Management Area, Big Bend National 

Park, and the Shackelford Ranch. Project objectives are: 1) to construct a detailed, 
1:12,000-scale geologic map of the 30 km2 area (Fig. 2), 2) to describe the orientations 
and styles of two generations of Laramide folds and one generation of Basin and Range 
folds, 3) to describe Basin and Range high-angle faults, 4) to document the sequence 
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of folding and faulting events, and 5) to distinguish contractional fault-propagation 
folds from extensional fault propagation folds from drag folds. Mapping will be part 
of a geologic map of northern Sierra Del Carmen to be submitted for publication to the 
University of Texas Bureau of Economic Geology in 2016.

Methods

 This project applied standard techniques of geologic mapping and descriptive 
structural analysis during three weeks of geologic mapping in and near the map area in 
August 2014, January 2015 and April 2015. In 2013 - 2014 Bailey Welch mapped an 
adjacent area to the north in Big Brushy Canyon (Welch and Satterfield, 2014). This 
project includes his fold data and map unit descriptions. Laiza Vera-Lopez, Travis Wil-
liams, Bailey Welch and Joseph Satterfield mapped in two-person teams. To document 
folds and faults in the area, we measured large numbers of bedding surface orientations 
with a Brunton compass and plotted on the geologic map (Fig. 2). We distinguished 
map units by describing rock types, bed thicknesses, and topographic expression. Our 
descriptions were compared to detailed map unit descriptions in Maxwell et al. (1967) 
and Moustafa (1988). We located formation contacts by first viewing stereo pairs of 
aerial photographs, then walking out contacts out or viewing them from a high vantage 
point. We constructed cross-sections to better understand the three-dimensional orien-
tations of structures and to determine formation thicknesses.
We used limb measurements to construct axial and described faults by recognizing 
sharp, juxtaposed contacts between units not in stratigraphic order, linear topographic 
breaks, and zones of calcite mineralization. We determined fault separation amount 
by constructing cross-sections. We measured orientations of exposed fault and related 
shear fracture surfaces and kinematic indicators such slickenlines and slickenfibers on 
fault surfaces. 

Tectonic Setting

 The map area is in a significant and complex area:  the eastern margins of both the 
Cordilleran orogen and the Basin and Range province. Cretaceous sedimentary rocks 
in Sierra del Carmen were deposited in the easternmost Chihuahua trough, a basin con-
nected to opening ancestral Gulf of Mexico (Muehlberger and Dickerson, 1989). Col-
liding plates along the western margin of North America created a broad deformation 
belt termed the Cordilleran orogen, whose youngest and easternmost part is termed 
the Laramide orogen (Fig 1; English and Johnson, 2004). From 70 – 50 million years 
before present (Ma) two phases of Laramide shortening deformed Cretaceous rocks 
in the Big Bend region (Fig. 1; Lehman, 1991). The first produced north– northwest 
trending folds and thrust faults, the second phase produced northeast-trending map 
scale folds (Cullen and others, 2013). 
By 30 Ma much of the Cordilleran orogen began to extend, producing the Basin and 
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Range province. The initiation of a transform plate boundary, the San Andreas fault,  
collapse of over-thickened Cordilleran crust, and possibly mantle upwelling, triggered 
this extension. Basin and Range structures include mountain range-scale horst and 
graben structures bounded by normal faults and right-lateral strike slip faults. (Cobb 
and Poth, 1980; Moustafa, 1988). Basin and Range faulting continues today: the Big 
Bend region lies within the active Rio Grande rift and some faults in Sierra del Carmen 
cross-cut Quaternary and/or Tertiary gravels (Moustafa, 1988). 
Later deformation phases likely took advantage of existing zones of weakness. As a 
result, Chihuahua trough-bounding normal faults may have been reactivated first as 
Laramide reverse faults and later as Basin and Range normal faults (Tauvers and Muhl-
berger, 1988). 

Previous Work

 Although several published geologic maps cover the northern Sierra del Carmen, 
our map area had not been mapped at a detailed, 1:12,000 scale. Tauvers and Muehl-
berger (1988) described Paleozoic rocks and Cretaceous cover at Persimmon Gap 15 
km northwest of our map area. Geologic maps of Moustafa (1988; scale 1:48,000) 
and St. John (1966; scale 1:62,500) cover the mapping area. Ferrill and others (2004) 
and Smart and others (2010) described an extensional fault-propagation fold in Big 
Brushy Canyon. Cullen and others (2013) described polyphase folds and faults at Dag-
ger Mountain in Big Bend National Park west the map area. Bailey Welch completed a 
1:12,000-scale geologic map and described polyphase structures in Big Brushy Canyon 
directly to the north of this project area (Satterfield and Welch, 2014). Travis Williams 
completed a 1:12,000-scale geologic map and described structures in an area adjoining 
the project area to the west (Williams and Satterfield, 2015). An earlier version of the 
geologic map and figures in this paper were presented at the American Association of 
Petroleum Geologists Southwest Section 2015 Convention (Vera-Lopez et al., 2015).
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Figure 1A & 1B. Structures of the Laramide orogen in the Big Bend region. (A) Tecton-
ic map shows major folds, reverse faults, and left-lateral strike-slip faults of Laramide 
age, as well as locations of map areas mentioned in text. Map modified from Cullen 
and others (2013). Data sources given in Cullen and others (2013). (B) Map showing 
location of tectonic map, Cordilleran orogen (gray shade), and Laramide orogen base-
ment uplifts (Lbu). Figure modified from Cullen and others (2013).    
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Figure 2. Geologic map of southern Big Brushy Canyon Area. Map shows map-scale 
D

1
, D

2
, and D

3
 folds and cross-cutting relations between folds and D

3
 high-angle faults. 

Monoclines identified with question marks could be D
3
 folds or D

2
 folds. Key to geo-

logic map units in Table 1.
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Table 1. Key and descriptions of geologic map units on geologic map of southern Big 
Brushy Canyon Area. 

Period Unit Unit Rock Type Description 

Quaternary Alluvium Qal dated 
gravel, sand, 
and mud 

tly active stream 
channels. Identified on aerial photographs by deep channels 
in valley floors and bright white color.  

unconsoli Unconsolidated sediment found in recen

Quaternary Alluvial fan 
deposits 

Qf dated 
gravel, sand, 
and mud 

 and 
ere drainage from the fault 

blocks meets the flat ground. This unit is cross-cut by 
younger alluvial channels 

unconsoli Poorly sorted, caliche cemented gray-tan conglomerate 
containing subrounded gravel sized clasts of limestone
chert. This unit is found wh

Quaternary 
Quaternary 
alluvium  

Older Qoa dated 
gravel, sand, 
and mud Identified on aerial photographs by flat topography with a 

nels

unconsoli Unconsolidated gravel found in older stream channels. The
gravel is composed of various eroded limestone units. 

light gray-tan color. Higher elevation than active chan

Tertiary Tertiary 
intrusions 

Ti sill ls that intrudes the 
Boquillas Formation. This unit can be easily broken and 
Red-Brown slope-former mafic sil

displays spheroidical weathering. 

Upper 
Cretaceous

Boquillas 
Formation 

Kbo Limestone and 
Shale

can be gray and orange. Inoceramus bivalves common. 
First-phase Laramide (D ) folds are common in this unit. 

Cuesta-forming lime mudstone. White-tan in color, 
weathers to yellow-brown. Near intrusive sills, the color 

1

Lower
Cretaceous

Buda 
Limestone 

Kbu Limestone and 
marl 

rs

ns angular to 
sub-angular grains of 95% calcite and 5% rock fragments in 

Upper: Ridge-forming oolitic wackestone. White in color, 
weathers to white-tan. Bivalve fossils present. Middle: 
Slope forming marl. Light gray to white in color. Weathe
to small nodules. Lower: Ridge forming calcarenite. Red-
tan in color, weathers to red-brown. Contai

a calcite matrix. Grain sizes around 1mm. 

Kdr Mudstone and Red-orange slope former, Cribratina foraminifera common Lower
ous

Del Rio Clay 
Cretace sandstone in fine sandstone  

Lower
Cretaceous

Santa Elena 
Limestone 

Kse Limestone 
ithin fossiliferous area, 

Thick bedded limestone, Petroliferous smell when broken , 

Thick-bedded limestone, locally weathers light grey, Chert 
nodules, Scooped shaped bivalves w

Round chert nodules, Rudist fossils 

Lower
ous

Sue Peaks Ksp Limestone and Slope-former; Upper- thin bedded limestone, Lower- 
Cretace Formation Shale yellow/grey shale 

Lower
Cretaceous

Del Carmen Kdc Limestone Thick-bedded limestone, Locally weathers dark brown, cliff 
former, elongate chert nodules along bedding planes 

TABLE 1 

11 
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Geologic Map Units

 Geologic map units provide form surfaces for folds and help locate faults at breaks 
in expected stratigraphic order. Map unit ages constrain timing of folding and fault-
ing. Our geologic map (Figure 2) distinguishes six Cretaceous geologic map units 
(Del Carmen Limestone, Sue Peaks Formation, Santa Elena Limestone, Del Rio Clay, 
Buda Limestone, and Boquillas Formation), Tertiary mafic sills intruding the Boquil-
las Formation, and three map units composed of Quaternary sediments. Table 1 gives 
detailed map unit descriptions. This section summarizes how geologic map units are 
distinguished from each other.
 The oldest unit exposed within the map area, the Del Carmen Limestone (Kdc) 
consists of medium-gray-weathering, very thick-bedded, cliff-forming limestone that 
locally contains distinctive dark brown elongate chert nodules parallel to bedding 
planes (Maxwell et al., 1967). The overlying Sue Peaks Formation contains poorly 
exposed, slope-forming marl. The Santa Elena Limestone (Kse), which overlies the 
Sue Peaks Formation, consists of medium-gray-weathering, very thick-bedded, cliff-
forming limestone (Fig. 3) containing distinctive somewhat equant chert nodules not 
in bedding planes (Maxwell et al., 1967). Santa Elena limestone beds have a possibly 
distinctive petroliferous smell when freshly broken (Moustafa, 1988). The overlying 
Del Rio Clay (Kdr) is a dark brown-red-colored slope-former exposed in Big Brushy 
Canyon just north of the map area. The overlying Buda Limestone (Kbu) consists of 
three distinctive members not distinguished on the map: lower red-brown weather-
ing cliff-forming limestone, middle slope-forming marl, and upper white-light tan-
weathering ridge forming limestone The Boquillas Formation, which overlies the Buda 
Limestone, contains distinctive, brown-weathering thin crystalline limestone and in-
terbedded shale beds containing Inoceramus bivalves (Maxwell et al., 1967). Mafic 
Tertiary sills (Ti) intrude the Boquillas Formation. 
 In several fault blocks thick-bedded cliff-forming limestone can only be mapped 
as Del Carmen Limestone or Santa Elena Limestone (Kse/Kdc) because the distinctive 
map units above or below Kdc and Kse are not exposed and distinctive chert nodules 
have not been found.
 Three Quaternary map units (Qal, Qf, and Qoa) contain unconsolidated gravel, 
sand, and mud and are distinguished by their surface topographic expression seen on 
stereo aerial photographs and in the field. Older alluvium (Qoa) form broad, relatively 
flat valleys cross-cut by deeper active stream channels containing younger alluvium 
(Qal). Alluvial fan deposits (Qf) are fan-shaped accumulations of sediments at mouths 
of large draws at range fronts.
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Figure 3. Photographs of a well-exposed Laramide (D1) monocline in map area. A 
northwest-striking Basin and Range high-angle fault cross-cuts this fold. (A) Steep 

FIGURE 3 

12 
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limb showing Santa Elena Limestone. This monocline is number 7 on stereographic 
projections. (B) View to northwest of same monocline. Northwest-trending high-angle 
Basin and Range fault is located in straight northwest-trending draw in center of photo.
 

Structures

 The map area exposes three phases of map-scale folds and one phase of faults. 
Cross-cutting relations within the field area and in nearby locations in the northern 
Sierra del Carmen allow timing between deformation events to be documented. Map-
scale D

1
 folds are monoclines, folds which display a single steeply-dipping limb adja-

cent to gently-dipping limbs (Figs. 2, 3). Second-phase (D
2
) folds refold both limbs of 

first-phase D
1
 monoclines, producing gentle, 1 – 3 km-half-wavelength flexures best 

seen in Big Brushy Canyon to the north of map area (Satterfield and Welch, 2014). 
High-angle third-phase (D

3
) faults cross-cut D

1
 folds (Figs. 2, 4). D

3
 faults strike north-

northwest and northwest (Satterfield and Welch, 2014) and form the Big Brushy Can-
yon graben (Moustafa, 1988; Fig. 2). Map-scale D

3
 folds are north-northwest- and 

northwest-striking monoclines. Several lines of evidence indicate that D
3
 folds formed 

at the same time as high-angle D
3
 faults: a) some D

3
 folds are directly adjacent to 

D
3
 faults, b) geometries of some D

3
 folds are consistent with folds produced by drag 

during fault movement (Figs 2, 4), and c) to the north of the map area in Big Brushy 
Canyon one unusually well-exposed D

3
 fold described by Ferrill and others (2004) and 

Smart and others (2010) drapes above the upper termination of a D
3
 fault, characteristic 

of a extensional fault-propagation fold.

Figure 4. Cross section A – A’. No vertical exaggeration. Location shown on geologic 
map. The D

3
 fold on the SW end is a drag fold caused by normal offset on the SW Ba-

sin and Range fault propagation folds because these deformation events caused struc-
tures of the same orientation. The fold on the NE end of the section is interpreted to be 
a Laramide fold (D

1
) because it is cross-cut at a high angle by a Basin and Range (D

3
) 

high – angle fault.

FIGURE 4 

13 
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 Stereographic projections (Fig. 5) help distinguish folds formed in three deforma-
tion events (D

1
, D

2
, and D

3
). Techniques used to describe folds include: plotting strike 

and dips of fold limbs and constructing axial planes, fold axes, and interlimb angles 
on stereonets. First-phase (D

1
) folds contain axial planes that average 332 85NE, fold 

axes that average 327 45, and an average interlimb angle of 52° (Fig. 5). Second-phase 
(D

2
) folds contain axial planes that average 074 90, fold axes that average 254 8, and 

an average interlimb angle of 166°. Third-phase (D
3
) folds, caused by high-angle D

3
 

faults, contain axial planes that average 322 64W, fold axes that average 322 10, and an 
average interlimb angle of 92°.

 Two northwest-striking map-scale monoclines have orientations similar to first-
phase and third-phase folds and lack cross-cutting relations with D

1
 – D

3
 folds and 

faults.  These monoclines and others outside the map area cannot be identified as D
1
 or 

D
3
 folds with surface data.
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Figure 5. Stereographic projections of map-scale and outcrop-scale folds. Key to sym-
bols: dot- pole to original bedding (S0), light grey band- average axial plane orienta-
tion, circle-dot- fold axis, and triangle-dot- pole to axial plane. Stereographic projec-
tions show fold axis and axial plane orientations alone can be used  to distinguish D1 
from D2 folds, but not D1 from D3 folds.

14
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Conclusions and Sequence of Events
 Our mapping combined with our understanding of regional tectonic events best 
supports this sequence of structural events:
 1) D

1
 folding produced relatively tight map-scale monoclines and folds in the Bo-

quillas Formation that strike north-northwest and display subvertical axial planes. D
1
 

monoclines are interpreted to be contractional fault propagation folds above unexposed 
reverse faults. These structures are characteristic of flanks of Laramide basement up-
lifts in the easternmost Cordilleran orogen (e.g. Mitra and Mount, 1998).
 2) D

2
 folding produced gentle northeast-striking flexures that contain subvertical 

axial planes. D
2
 folds are interpreted to be a second phase of Laramide shortening 

caused by a change in plate convergence direction.
 3) D

3
 high angle faulting produced adjacent and overlying north-northwest- and 

northwest-striking D
3
 monoclines containing subvertical axial planes. D

3
 folds are drag 

folds and extensional fault propagation folds interpreted to form during Basin and 
Range extension. 
 4) D

3
 faults locally cross-cut older alluvium of Quaternary age (Figs 2, 4; Satter-

field and Welch, 2014) documenting that some northern Sierra del Carmen Basin and 
Range faults are active. 
 D

1
 and D

3
 monoclines have very similar orientations and cannot be distinguished 

by orientation alone. Similar orientations of different fold phases results when Basin 
and Range extension likely reactivated D

1
 faults. Extensional D

3
 monoclines may be 

widespread and confused with contractional D
1
 monoclines.
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Using Areas of Concentrated E. coli Bacteria to Identify Species Specific Sources 
in Urbanized Sections of the Concho River, Tom Green County, Texas
 
Darren	Seidel	and	James	W.	Ward,	PhD,	P.G.

Abstract

 Seasonality has been shown to play an extremely responsible role in the fluctuation 
of Escherichia coli (E.	coli) loading on the Concho River System in San Angelo, Texas. 
However even with temperature change and other physicochemical parameters vary-
ing with seasonal change, several sites exceed EPA’s “safe versus unsafe for contact” 
surface water standard by three to ten times the respected < 320 colony forming units 
per 100 mL standard threshold value (at 3%). The objective of this project is to quan-
tify areas of E.	coli loading to further understand local sources of bacteria pollution. 
Ten sites located along highly urbanized sections of the Concho River will be sampled 
for E.	 coli and physiochemical properties including temperature, dissolved oxygen, 
specific conductance, conductance, total dissolved solids, and pH. The data set will en-
compass twenty-six sampling periods spread out over a year. The E.	coli data was used 
to isolate areas where Bacteroides identification DNA markers which was sampled for 
birds, humans, and dogs. This project gives way to putting a numerical and biological 
answer to pollution of an urbanized surface water system with located within the area 
of interest.

*****

Introduction

 Urbanization and human influenced alteration may negatively impact en-
vironmental quality and sustainability of surface water systems through-
out the world. Continuous research is discovering new detection methods 

and means of expressing how impactful human and/or animal influences truly are on 
surface water systems. With the elevated risk of humans contracting pathogen-illness 
from surface water systems, a serious health related concern becomes evident when a 
surface water system becomes 303(d) impaired (TCEQ 2013). The Concho River in 
Concho and Tom Green Counties in west central Texas has been listed as a 303(d) im-
paired surface water system for two parameters (dissolved oxygen and bacteria) since 
2008. Following the 2008 Texas Commission on Environmental Quality integrated re-
port, the Concho River has been researched by local and regional based water science 
entities to understand where, what, and how the system is being altered and conse-
quently impaired. E.	coli bacteria has served as a water quality indictor for decades 
(Edberg 1988). Along with technological advancements, the accuracy and precision at 
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which E.	coli bacteria is quantified is becoming better and better every year. Bacteroi-
des bacteria are the most ideal fecal source tracking target for this experiment for sev-
eral key reasons. Although Bacteroides and E.	coli are quite similar, they don’t express 
the same intestinal activities in a warm blooded animal. For that reason, Bacteroides 
function as bacterium that aid in nutrient absorption in the host and whatever the host 
species’ food consumption is, allows for different gene profiles separating certain spe-
cies from one another from a microbial standpoint (Coakley 2011, Hooper et al. 2001). 
However, only in recent years has a DNA based approach become regularly utilized 
to analyze specie specific hosts of contamination. With an extremely wide variety of 
physicochemical parameters, seasonality flux, and both point and non-point sources 
pollution impacting the Concho River, the focus of this research project is locating 
areas where E.	coli bacteria is the most concentrated and using those sampling sites to 
conduct DNA based source host analysis. The objective of this project is to determine 
host specific data in order to transition a possible non-point source of contamination 
to a point source and then develop best management practices to low the possible con-
taminant sources to a “safe for contact” standard.
 
Project	Statement:	Previous research and analysis has determined the Concho River 
 is subject to high levels of fecal coliform bacteria and specifically E.	 coli year 
 around. Traditional analysis of E.	 coli bacteria shows a direct relation will 
 temperature change. However, at certain localities of the Concho River within the  
 city limits of San Angelo, Texas E.	coli bacteria remains at a very high level regardless 
 of temperature change, an excess of 2419.6 cfu/100 mL. Thus, the idea of possibly  
 one or several year around contamination sources are impacting the system and  
 leading to excessively high E.	 coli bacteria results. Therefore, the project aims 
 to document the possible source of contamination and restore the Concho River  
 to a non-impaired surface water statue. The Concho River is a valuable resource  
 for eleven counties within the river’s watershed and a large sub-basin of the  
 Colorado River basin that stretches through the heart of the state of Texas.

Hypothesis: Fecal coliform and E.	coli concentrated areas have one or several direct 
 DNA based Bacteroides hosts contributing to the high levels of contamination  
 found at two specific sites of interest in the research area.

Objective	#1:		Quantify locations of E. coli loading at ten different sampling sites
 Task #1: Collect biweekly E.	coli samples to isolate areas of high contamination 
 load.
 Task #2: Collect and document physiochemical data at each site per E.	coli sample
 Task #3: Document human, bird, and animal activity at each site during sampling
 
Objective	#2:	Conduct DNA based sampling at highly contaminated sites
 Task #1: Collect samples using Source Molecular Corporation’s procedures and 
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 protocols for Bacteroides analysis for human, bird, and dog specific DNA markers
 Task #2: Aid in creating best management practices to lower negative 
 environmental impact on the Concho River upon results from Source Molecular  
 Corporation Laboratory

The Concho River: Location, Geology, and Impact

 The Concho River is regionally broken into three major watershed contributories; 
North, Middle, and South Concho Rivers. All three major contributories meet near the 
Bell Street Dam located within the city limits of San Angelo, Texas (Figure 1). The 
Concho River Basin as a whole encompasses eleven Texas counties and runs into Lake 
O.H. Ivie (Smith 2015, LCRA 2008) all while supplying essential water sources to 
families, farmers, and ranch near the river system.
 The North Concho River – is a highly variable watershed of the Concho River that 
extends from northcentral Glasscock County to O.C. Fisher Reservoir. Although the 
watershed extends through a large portion of the Concho River basin, the North Con-
cho River remains dry though most of the year.
 The Middle Concho River – is a west to east contributory to the Concho River 
basin that extends as far west as central Upton County. Much like the North Concho 
River, and with the exception of isolated spring contributions, the watershed remains 
dry throughout most of the year. The watershed extends to the north pool of Twin 
Buttes Reservoir.
 The South Concho River – is a south to north contributory that offers continu-
ous spring fed influence to the Concho River basin. Although many dams are located 
throughout the river system, it is the only branch of the Concho River that offers water 
flow year around. Flow continues through much of southern Tom Green County and 
extends to the south pool of Twin Buttes Reservoir.
 All three watersheds are controlled by manmade reservoir structures that control 
the overall flow of the three watersheds prior to all three watersheds meeting at the Bell 
Street Dam (Henry 1986). From the Bell Street Dam, flow continues eastward to O.H. 
Ivie where the Concho River meets the Colorado River. Within the Concho River wa-
tershed, shallow, Permian aged aquifers contribute upwelling sources of groundwater 
in isolated locations (Dutton et al. 1989).
 The lithological influences on the Concho River Basin mostly consist of Creta-
ceous-age carbonates with a small area of Permian aged sandstones and conglomer-
ates near the convergence of the three watersheds (UCRA, 2011). The Cretaceous-age 
carbonates found at the surface throughout the Concho River Basin are subject to many 
secondary structures such as joints and karstic type conduits and vugs (Henderson 
1928, Orndorff et al. 2001, Craig 1988).
 Many rural communities rely on irrigation and other agricultural activities to be 
supplemented from water use out of the Concho River. Large cotton, milo, and other 
cash crops are grown within the Concho River Basin and in Tom Green County alone 
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956,852 acres exist in farm production (USDA 2012). Consequently, the more nega-
tively impacted the Concho River becomes upstream, the larger the possibility of ad-
verse effects becoming evident downstream. Controlling human impact and developing 
large scale management practices will help control the contamination within urbanized 
sections of the Concho River in San Angelo, Texas and consequently downstream.

Methodology and Experimentation

 The twenty-six biweekly sampling period as directed in the Quality Assurance 
Project Plan (QAPP) began on May 8, 2014 with the first round of E.	coli sampling. 
The collection period for E.	coli extended through April 29, 2015. All physiochemi-
cal parameters were taken using a pre and post calibrated Professional Series Yellow 
Spring Instrument Multi-Parameter Aquatic Sampling Soude and calibrated under 
United States Geological Survey calibration protocols (Wagner et al. 2006). These 
physiochemical parameters included; water temperature and pressure, dissolved oxy-
gen levels (% and mL), specific conductance, conductance, total dissolved solids, and 
pH. E.	coli collections were done using the IDEXX Laboratories’ Colilert Procedures 
(2013, Eaton et al. 2005). Upon collection of parameters and E.	coli samples, the vis-
ible environmental conditions were documented and described in a field notebook. 
This information included: bird and other animal activity, human activity, water color 
and odor, trash and debris, and prior weekly precipitation. No sample collection period 
was conducted prior to a thirty-six hour buffer time period after a local rain event. The 
IDEXX Colilert method is a process at which a 100 mL of sampling media is collected 
from a site of interest to generate a most probable number of colony forming units per 
100 mL to represent the E.	coli level at the site (cfu/100 mL). Similar experimentations 
have been conducted on other surface water systems in a regional proximity such as 
the Rio Grande River (Mendoza et al. 2004), along the Kentucky River (Black et al. 
2007), and as far away as Sweden (Novel, Novel 1976) making the Colilert method 
a local, regional, and internationally recognized method used for quantifying E.	coli. 
As directed in the QAPP, no dilution or duplications were conducted because the main 
objective was to locate the areas with the most consistently high E.	coli measurements 
in order to collect the sites for future DNA based Bacteroides analysis. 

Results

 After completion of the final E.	coli sampling period on April 29, 2015, a twenty-
six sample baseline was created with averages of all ten research sampling sites. The 
ten sampling sites and the associated E.	coli (cfu/100 mL) values are as follows: Site 1 
– 151.7, Site 2 – 190.0, Site 3 – 64.4, Site 4 – 776.3, Site 5 – 399.8, Site 6 – 181.6, Site 
7 – 58.2, Site 8 – 1525.9, Site 9 – 364.3, Site 10 (was only sampled three times, no wa-
ter present). In order to understand the severity of E.	coli contamination, the data was 
compared to the Recommendation 2 criteria element for the statistical threshold value 
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for E.	coli in fresh water, 320 cfu/100 mL. Recommendation 2 was developed by the 
Environmental Protection Agency in 2012 when the federal entity released the 2012 
Recreational Water Quality Criteria (RWQC) recommendations (EPA 2012). The stan-
dard expresses an estimated illness rate of 32/1,000 (3.2%) which approximates the 
90th percentile of water quality distribution and is intended to be a value that should 
not be exceeded by more than 10% of samples analyzed. When coupling this analysis 
with data from the Concho River sampling baseline, two sites, Site 4 and Site 8, exceed 
the 320 cfu/100 mL correlation valve by 2.426 times and 4.768 times, respectively. 
After deliberation, research stakeholders concluded that sampling Site 4 and Site 8 
for Human, Dog, and Bird Fecal detection would be the most conducive means of 
isolating species specific sources of contamination. Physical presents of all three hosts 
were documented consistently at these localities. At Site 4 and Site 8, respectively, an 
average bird population of ≈25 and ≈35 birds were counted and documented during 
the sampling period. Numerous samplings at Sites 4 and 8 were also conducted with 
heavy human traffic and an occasional dog(s) present. On June 11, 2015, the first round 
of DNA based sampling was conducted by Mr. Chuck Brown of the Upper Colorado 
River Authority and analyzed by Source Molecular Corporation in Miami, Florida on 
June 22, 2015. All three host analysis came back negative. Site 4 and Site 8 were col-
lected and analyzed for two Human Bacteroidetes ID™ Species; Bacteroides dorei. 
B and EPA Developed Assay biomarkers, one Bird Fecal ID™; genus Helicobacter 
(classified as genus Campylobacter prior to 1989), and one Dog Fecal ID™; Dog Bac-
teroidetes.

Discussion

 The results of the Bacteroides sampling when compared to the E.	coli baseline av-
erages offers an interpretation and possible an environmental factor as well. Between 
the last sampling period for E.	coli and the first Bacteroides sampling, according to the 
National Weather Service, Tom Green County alone received 9.12 inches of rainfall. 
In one month, Tom Green County almost received half of the county’s annual rain-
fall total (Henderson 2010). Thus a possible interpretation of the negative Bacteroids 
bacteria could be a result of a natural “flushing” of the surface water system through 
massive storm water run-off. Comparatively to E.	coli, Bacteroids bacteria are the most 
numerous intestinal bacteria and encompass as my as 1,011 cells per gram of dry fecal 
matter (Coakley 2011, Finegold et al. 1983). The baseline data set of E.	coli sampling 
reflects a large number of E.	coli cfu/100 mL regardless of temperature fluctuation. 
Therefore, if year around E.	coli bacteria are documented at a site, Bacteroids bacteria 
should be within that same area and be environmentally impacting a water system as 
well.
 The E.	coli data also revealed some interesting information in regards to sites with 
low E.	coli bacteria counts. Site 3 and Site 7 are located in two very different places 
on the Concho River and both exhibit low E.	 coli averages (64.4 and 58.2 cfu/100 
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mL) consistently throughout the project timeline. Site 3 was sampled at the middle of 
the Bell Street Dam structure and was the only site that had a continuous year around 
discharge from a drain pipe located in the middle of the structure and controlled by 
the City of San Angelo. Site 7 is the furthest upstream site located on the newly re-
mediated Concho River Trail in downtown San Angelo. Both sites are located directly 
downstream from the two most polluted sites along the river and show very different 
correlations to their polluted counterparts: Site 3 vs. Site 4 (64.4 - 776.3 cfu/100 mL) 
and Site 7 vs. Site 8 (58.2 - 1525.9 cfu/100 mL).

Conclusion

 The high points of E.	coli sampling show a strong relation in variation when com-
paring them to the low points of E.	coli sampling in a relatively short distance. Could 
the dam structures in between site locations be serving as impediments to the surface 
water system’s nature flow and consequently variation in bacteria populations? How 
long can the bacteria polluting the river survive under nature conditions? Even though 
there were two different bacteria of interest in this research, the project gives way to 
areas that have been documented with high E.	coli values but still have an unknown 
DNA based analysis of the pollution as to where the pollution is coming from. Al-
though the Bacteroides sampling was not conducive of any species specific data for the 
contamination, it did give rise to how the Concho River can exhibit a return to a low 
bacteria count river system after a strong influence of rain. This could have made the 
system reflect a more “nature” flow pattern even with dam structures throughout the 
river. In order to apply some of these ideas to the research, future work in creating a 
larger baseline of E.	coli data at each site and further sampling of Bacteroides primers/
markers at the most contaminated sites could offer the proper explanation to exactly 
what is contaminating the Concho River and the most effective means of remediation 
to control the contamination.
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Table 1: E. coli sampling results (cfu/100 
mL)

Site #1 Site #2 Site #3 Site #4 Site #5 Site #6 Site #7 Site #8 Site #9 Site #10

Bacteria
5/9/2014 980.4 >2419.6 79.4 >2419.6 261.3 N/A

5/22/2014 920.8 410.6 110.6 >2419.6 1413.6 163.1 10.7 1046.2 16.9 N/A

6/7/2014 11 5.2 10.9 488.4 43.9 121.1 10.6 1299.7 36.8 95.9

6/21/2014 613.1 163.1 48.8 >2419.6 >2419.6 2419.6 57.6 >2419.6 >2419.6 >2419.6

7/2/2014 140.8 >2419.6 141.4 >2419.6 298.1 770.1 5.1 547.5 9.5 N/A

7/19/2014 6.2 34.5 16.3 325.5 435.2 27.8 7.2 >2419.6 >2419.6 N/A

8/5/2014 3.1 34.1 7.2 6.3 403.4 27.8 410.6 1046.2 1299.7 920.8

9/5/2014 8.5 117.8 6.2 2419.6 9.6 46.4 5.2 >2419.6 228.2 N/A

9/22/2014 920.8 648.8 260.3 1553.1 35.4 69.7 41.4 >2419.6 12 N/A

9/29/2014 7.5 5.1 18.1 19.3 8.3 46.5 16 >2419.6 28.1 N/A

10/20/2014 4.1 10.7 11.8 2419.6 547.5 34.5 11.8 >2419.6 11.9 N/A

10/27/2014 7.3 6.2 3 980.4 22.3 38.8 9.6 >2419.6 13.1 N/A

11/10/2014 156.5 88.6 145.5 547.5 325.5 172.2 123.6 >2419.6 298.7 N/A

11/20/2014 68.9 53 62 238.2 33.2 105.4 49.6 >2419.6 186 N/A

12/5/2014 39.3 35 128.1 547.5 151.5 43.5 23.3 1732.9 55.6 N/A

1/27/2015 35 27.2 23.5 62 14.8 29.2 8.5 166.4 80.9 N/A

2/1/2015 501.2 344.8 290.9 435.2 1413.6 140.1 248.1 866.4 410.6 N/A

2/10/2015 21.3 25.9 19.9 816.4 13.2 28.2 11 325.5 151.5 N/A

2/18/2015 15.8 17.1 18.9 32.3 22.3 10.8 12.2 152.9 44.8 N/A

2/23/2015 14.8 25.6 54.6 60.2 21.3 48.8 19.9 325.5 41 N/A

3/11/2015 16 6.3 3 30.7 115.3 45 3 275.5 44.8 N/A

3/25/2015 98.7 122.3 95.9 461.1 58.1 29.8 28.5 435.2 141.4 N/A

4/1/2015 27.5 15.3 9.8 103.6 28.8 9.8 18.3 1553.1 435.2 N/A

4/8/2015 43.5 13.5 8.4 30.3 18.1 9.5 36.9 2419.6 325.5 N/A

4/22/2015 69.5 83.6 64.5 328.2 84.2 152.9 222.4 866.4 172.7 N/A

4/29/2015 41.1 36.9 49.5 37.9 38.3 50.4 63.8 2419.6 325.5 N/A

 

 

 

Table 2: Bacteroides Analysis Results for Site 4 and Site 
8

Host of Interest Site Location Date Received Date Reported Specie Analysis DNA Analysis Result
Human 4 11‐Jun‐15 22‐Jun‐15 Bacteroides dorei Negative
Human 8 11‐Jun‐15 22‐Jun‐15 Bacteroides dorei Negative
Human 4 11‐Jun‐15 22‐Jun‐15 EPA Developed Assay Negative
Human 8 11‐Jun‐15 22‐Jun‐15 EPA Developed Assay Negative
Bird 4 11‐Jun‐15 22‐Jun‐15 Helicobacter Negative
Bird 8 11‐Jun‐15 22‐Jun‐15 Helicobacter Negative
Dog 4 11‐Jun‐15 22‐Jun‐15 Dog Bacteroidetes Negative
Dog 8 11‐Jun‐15 22‐Jun‐15 Dog Bacteroidetes Negative

Results of Preliminary Interpretations of Fecal Pollution ID™
Analysis Provider: Source Molecular Corporation
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Figure 1: Sampling Site Locations 1-10 located in downtown San Angelo, Texas 

 

 

 
Figure 2: Physiochemical Sampling at Site 5 (photo by Monique Ching, 2014) 
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“Under Pressure” ©1982: A Comparison of Stress Field Orientations Between 
Geothermal Areas and Volcanic Regions.
 
Denine	Calvin	and	Heather	Lehto,	PhD

Abstract

 The emphasis of this research is to determine local stress field orientation in geo-
thermal areas that are unrelated to volcanic activity. I will be concentrating on Dixie 
Valley, Nevada, using data obtained from public databases to compute fault plane so-
lutions. From this I believe I will find that the local stress field is aligned with the 
regional stress field. Through my research I hope to determine the orientation of the 
local stress field in nonvolcanic settings in hopes of applying this to volcanic areas to 
better understand the local volcanic stress fields observed during quiescent times. My 
research will also find if stress field orientation changes over time, either naturally or 
through injection. I will complete my research from August of 2014 through to Decem-
ber 2014. 

*****

Introduction

 Dixie Valley is one of the largest geothermal plants in the Basin and Range 
Province, located within Churchill County (Fig. 1) between the Stillwater 
and Clan Alpine Ranges of Nevada.  Its flow system is related to normal 

faulting and permeability of country rock formed through extensional tectonics. The 
Dixie Valley Basin is approximately 20 kilometers long and is asymmetrical in shape. 
It is the lowest topographical valley in Northern Nevada and is located within the Cen-
tral Nevada Seismic Belt, which trends north-northeast through central Nevada (Hick-
man, 1998). The stratigraphy of the area from youngest to oldest consists of: Quater-
nary basin fill sediments, Tertiary basalts and silicic volcanics, Cretaceous intrusive 
Granodiorite, Jurassic Boyer Ranch quartzite atop the Humboldt Igneous Group, and 
then Triassic Meta Sediments (Blackwell, 2007).
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Fig 1: Dixie Valley location map. (Torcher, 1957)

 Mount Saint Helens’ seismicity has been closely monitored for over thirty years. 
In these thirty years, it has been shown that the stress field orientation changes (by 
about 90°) from quiescent periods to active periods. Since the cataclysmic eruption in 
1980 (Lehto, 2013), the changes in stress field orientation have been linked to changes 
in volcanic activity (Lehto, 2013). Right after the eruption, stress field orientation was 
NE-SW (Barker	and	Malone, 1991) due to inflation of a shallow dike (Lehto, 2013). 
From 1987-1992 (quiescence), stress field orientation was shown to be SE-NW and 
NE-SW. It has been theorized that it is due to area faulting changing from normal to 
reverse and/or strike slip (Lehto, 2013). It could also be due to natural pore pressure 
changes which are masked during heightened activity of the shallow dike. As this has 
not been definitively explained, I plan to use my findings from a nonvolcanic area to 
explain this duality. With my research, I may be able to attribute the dual stress field 
orientations during quiescence as being due solely to pore pressure changes and that 
the NE-SW orientation during eruptive periods is due to volcanic activity. 

 

 

Figure 1 

 

Figure 2 
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Methods

For this project I studied a geothermal area that is not associated with volcanic activity. 
I used data freely obtained from Incorporated Research Institutions for Seismology 
(IRIS) to determine the orientation of the local stress field. Magma intrusions change 
the local stress field at active faults and trigger earthquakes (Lehto	et	al	2013). By ap-
plying this knowledge to geothermal areas, we can understand the influence of hydro-
thermal fluids on the local stress field.
I used open source seismological software on the existing computers in the Physics and 
Geology Department in the analysis of said data with the hope of using information 
gained to test my hypotheses. Analysis of the changes in local stress field can be used 
to forecast impending volcanic eruptions. 

Objective	1:	
Pick and relocate earthquakes. Relocation uses known arrival times to estimate the 
location of hypocenters.

Objective	2:
Compute and analyze fault plane solutions. Fault plane solutions represent slip on a 
fault and the pressure and tension axes represent the axes of maximum shortening and 
extension, respectively. In computing a fault plane solution, scientists use the principle 
that motion on a fault controls the pattern of seismic wave radiation (Anderson, 2013). 
This motion is distributed into four quadrants in which the motion is alternately push 
(up) or pull (down).   The pressure and tension axes of the FPS can then be used as a 
proxy for the local stress field.

Analyze any changes in orientation of local stress field with time and compare to the 
orientation of the regional stress field.

Hypothesis	1:
My hypothesis is that the local stress field at Dixie Valley is due to pore pressure 
changes and that is aligned with the regional stress field, which is oriented E-W (Hodg-
kinsons	and	Stein, 1996).  

Hypothesis	2:
The local stress field is due to pore pressure changes but is not aligned with regional 
stresses.
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Results and Discussion

 The purpose of this research was to determine the orientation of the stress field 
in Dixie Valley, apply the information gained to the Mount Saint Helens area known 
stress field orientation during quiescence in order to understand why its fault plane 
solutions change and “behave” the way that they do during inactivity. 

 I was able to obtain data for 121 earthquakes, mostly from IRIS. Of these, only 
51 had at least 3 phases. Unfortunately, many of the phases were for stations that were 
collocated and were essentially one data point. This meant that most of the earthquakes 
were not locatable and my research came to a screeching halt. If my research were con-
tinued I would suggest finding locally recorded data and not regionally located data.
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Modeling Hydrostratigraphy and Geochemical Analysis of the Rocker-B Ranch 
Aquifers
 
Ross	Kushnereit	and	James	W.	Ward,	PhD,	P.G.

Abstract

 The Rocker-B Ranch spans over Irion and Reagan counties in West Texas. Recent 
drilling on the Rocker-B Ranch could pose a threat to fresh water aquifers if oil wells 
are improperly completed, allowing brackish water to migrate upwards. Thus, fresh 
water sandstone and carbonate aquifers could mix with high amounts of evaporate salts 
(e.g., primarily anhydrite, gypsum and halite) originating from deeper Mesozoic and 
Paleozoic formations. This cross-contamination could cause an increase to the total 
dissolved solids (TDS) concentrations of groundwater in the freshwater aquifers of the 
Cretaceous Edwards-Trinity, Antler Sands, and shallower Quaternary Aquifers such 
as the Leona and Alluvium aquifers. Increases in TDS can be observed from chemical 
analysis of the major ions (e.g., major 8’s) such as Ca2+, Mg2+,  Na+, K+, HCO3-, 
SO42-, Cl-, and Fl-.  Aqueous geochemical data from multiple borehole sites for each 
aquifer have been placed into a GIS database for geochemical analysis and modeling to 
chemically fingerprint each aquifers’ chemical characteristics. Groundwater chemistry 
in the areas in and around the research site will also be evaluated. The final product will 
be an interactive database to be given to the ranch manager as a tool to aid in managing 
the ranch’s natural resources.

*****

Project Introduction

 The Rocker B Ranch is one of the biggest oil producing sites in the United 
States and spans over two counties; Reagan and Irion. The ranch was donat-
ed to the Texas Scottish Rite Hospital for Children and most of the proceeds 

from oil production go to the hospital (Nolen, 2007). The ranch is also actively used 
for working cattle by modern day cowboys and providing an old western environment 
to guests. 
 There are over 20 aquifers in Texas that provide for drinking water, irrigation, and 
oil related activities (Sansom, 2008). In 1923 oil was discovered in Regan County at 
the famous Santa Rita Well No. 1 site (Ashworth, 1989). This lead to mass oil booms 
in the 1920’s and 1940’s until oil prices were dropped in the early 1980’s by heavy oil 
producing countries in the Middle East which caused an oil bust to West Texas’ oil pro-
duction. Most of the water used for unconventional hydrocarbon recovery now comes 
from both the Edwards-Trinity and the Dockum aquifers. The Dockum formation is in 
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the Triassic period and is formed with red sandstones and shale that come from a flu-
vial depositional environment (Bradley, 2003). This aquifer is an artesian system with 
an impermeable layer both above and below it. It provides moderately saline water, due 
to a small amount of evaporative beds and is primarily used for hydrocarbon recovery 
(Ashworth 1998). The Trinity and Washita groups are separated by the Fredericks-
burg Group which is predominately limestone and dolomite; this is where the Edwards 
limestone is that provides drinking water to some wells around Regan and Upton.  
 Every ground water system is bound to have a unique aqueous chemistry due to 
how the aquifer is recharged, the type of rock that is embedded around and the chemi-
cal alterations of water as it flows through the system (Singh, 2012). The dissolution 
and cation exchange of carbonate rock could leave concentrations of major ions in 
groundwater such as Ca+2, which makes the water quality poor concerning human 
consumption yet adequate enough for agricultural and industrial uses (Bradley, 2003). 
It is possible to model mineral phase changes to track major and minor ions using dif-
ferent programs such as PHREEQC. From there it is possible to track these minerals 
and find out where they formed, track flow and see if the water mixes with other aqui-
fers (Singh, 2012).
 The study site (view Figure 1) is in an arid to semi-arid region with average yearly 
rainfalls between 13 to 19 inches and temperatures that range between 95o F and 28o 
F. The average gross evaporation of lakes is 81 inches per year which is over five times 
the amount of yearly average rainfall (Ashworth, 1989).

Figure 1. Map of Regan, Irion and Upton Country with ranch boundaries.
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Geological and Hydrogeological description 

 The study area covers three major basins; the Central Basin Platform in the southwestern 
corner of Upton county, the Midland Basin, centered between Upton and Reagan counties, and 
the Eastern Shelf located at the north eastern part of Reagan county and the south western part of 
Glasscock county. The Permian has a synclinal structure caused by the dissolution of evaporites 
of older Paleozoic aged strata. The syncline (see Figure 2) has been filled in with excess Triassic 
aged rock underlying younger Cretaceous rock. The Permian and other Paleozoic aged strata are 
formed from marine carbonates and evaporites that accumulated in the Permian Basin. The 
Triassic aged strata contains the Dockum Group that is made of three separate parts; the lower 
Dockum contains red shale and siltstone, the middle Dockum holds iron oxidized sandstone and 
shale, and the youngest contains iron oxidized shale siltstone and sandstones. An aquaclude is 
naturally formed between older Paleozoic and younger Triassic through the Dockum Group by 
the impermeable shale and clay that acts as a barrier between the water from Permian and 
Triassic aged formations (Ashworth 1989). The primary evaporite minerals of the Permian are 
halite, NaCl, gypsum Ca(SO4)·2H20 and anhydrite, Ca(SO4) (Bumgarner 2012). 

The Cretaceous can be broken down into three different groups; the Trinity, 
Fredericksburg and the W ashita groups. The Trinity holds the Antlers Sand, this unit contains 
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Geological and Hydrogeological description

 The study area covers three major basins; the Central Basin Platform in the south-
western corner of Upton county, the Midland Basin, centered between Upton and Rea-
gan counties, and the Eastern Shelf located at the north eastern part of Reagan county 
and the south western part of Glasscock county. The Permian has a synclinal structure 
caused by the dissolution of evaporites of older Paleozoic aged strata. The syncline 
(see Figure 2) has been filled in with excess Triassic aged rock underlying younger 
Cretaceous rock. The Permian and other Paleozoic aged strata are formed from marine 
carbonates and evaporites that accumulated in the Permian Basin. The Triassic aged 
strata contains the Dockum Group that is made of three separate parts; the lower Dock-
um contains red shale and siltstone, the middle Dockum holds iron oxidized sandstone 
and shale, and the youngest contains iron oxidized shale siltstone and sandstones. An 
aquaclude is naturally formed between older Paleozoic and younger Triassic through 
the Dockum Group by the impermeable shale and clay that acts as a barrier between 
the water from Permian and Triassic aged formations (Ashworth 1989). The primary 
evaporite minerals of the Permian are halite, NaCl, gypsum Ca(SO4)∙2H20 and anhy-
drite, Ca(SO4) (Bumgarner 2012).
 The Cretaceous can be broken down into three different groups; the Trinity, Fred-
ericksburg and the W ashita groups. The Trinity holds the Antlers Sand, this unit con-
tains fine to medium grained sized quartz sand and small amounts of iron oxidized 
shale within sandstones. The Trinity provides a moderate amount of fresh to slightly 
saline water (Walker 1979). 
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Figure 2. Cross section of Regan and Upton counties adapted from Ashworth, John B., 
and Prescott C. Christian. 1989.
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 The Fredericksburg and the Washita group provides a small amounts of water and 
is made up of large limestone beds, marl, and nodular limestone. The bulk of the Cre-
taceous and its water baring formations in this region are better known as the Edwards-
Trinity aquifer. The Ogallala aquifer is the most important aquifer in the United States, 
it spans from South Dakota all the way to the pan handle of Texas. Tertiary in age, the 
Ogallala (or High Plains) aquifer provides drinking and agricultural water to many 
states and is vital to the United States’ economy (Sansom, 2008). Although the Ogal-
lala is not actually in the study site, it should be noted that fresh water from this aquifer 
laterally flows into the Edwards-Trinity Aquifer and helps to maintain less total dis-
solved solids on the water (Ashworth 1989). Table 1 shows stratigraphic chart of the 
site.
 The aquaclude that separates water from Permian and the Dockum also provides 
a barrier for the geochemistry’s in each aquifer. If the impermeable layer were to lose 
its integrity from faulting and or fracturing, then it the saline waters from the Permian 
could rise into the Dockum and even through to the Edwards-Trinity aquifer. A United 
States Geological Survey (USGS) reports that as of 2012, Pecos County; which is just 
to the west of the study site has encountered this very same issue. Massive amounts 
of faulting have occurred as a result of basin and range extension causing the system’s 
impermeable layers to fracture all along the aquaclude. Though since there are massive 
faulting events, there has not been an issue with the separations of the two age’s water 
due to the fact that there is still pressure in the sub surface, and that the saline water in 
the Permian (in this case the Rustler formation) is much denser than that of the Doc-
kum and the Edwards-Trinity. Over use of the Edwards-Trinity and the Dockum have 
caused those waters to be replaced with the waters from the Rustler formation and now 
renders those aquifers susceptible to saturations of high salinity (Bumgarner, 2012).

Table 1. Generalized Stratigraphic Chart (Harris and Ward, 2012)
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SYSTEM GROUP FORMATION LITHOLOGY 

Quaternary  Alluvium Caliche, sand, clay and gravel 
 

Tertiary  Ogallala Gravel, silty sand, and caliche 
 

Washita Buda Clay, marl, and limestone 
 

Segovia 
Fredericksburg Edwards Ft. 

Terrett 

Limestone, and dolomite 
 Cretaceous 

Trinity Antler Sands Sandstone, with bedded shale layers 
 

Triassic Dockum  Red shales, sandstones, and siltstones 
 

Permian Whitehorse  Marine Carbonates and evaporites 
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Methods

 Well data information has been collected from the Texas Water Development Board 
(TWDB). Well information is divided by county and further divided by aqueous chem-
istries, aquifer elevations, and other information. The water chemistry date for Regan, 
Irion, and Upton counties are used to make multiple two dimensional maps represent-
ing the difference in sulfate, bi carbonate and chloride for four different aquifers; the 
White Horse (Fig 3), Dockum (Fig 4), Antler Sands (Fig 5), and Edwards-Trinity (Fig 
6). The reason for modeling the sulfate, bicarbonate and chloride as opposed to any of 
the other major ions are because these three are the most important in regards to driving 
the water quality in the area since these three are anions, this is due to the dissolution 
of limestone and dolomite into carbonate, gypsum into sulfate, and halite into chloride 
as depicted below. After carbonate has been dissoluted from limestone or dolomite, a 
hydrogen atom is added from water forming bicarbonate. Calcium, magnesium and 
sodium are cations and are also in ground water but those ions are expected to be due 
to the geology of the region. 
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Carbonate and calcium is a product of limestone dissolution: 

CaCO3 ↔ Ca2+ + CO3
2- 

 
Carbonate and Magnesium is a product of dolomite dissolution: 

CaMg(CO3)2 ↔ Ca2+ + Mg2+ + 2CO3
2- 

 
Sulfate is a product of gypsum (CaSO4) dissolution: 

CaSO4 ↔ Ca2+ + SO4
2- 

 
Chloride can be produced due to evaporation or halite dissolution: 

NaCl ↔ Na+ + Cl- 
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Figure 3 shows the geochemical models of the White Horse; yellow depicts sulfate, red 
depicts chloride and green depicts bicarbonate.

Figure 4 shows the geochemical models of the Dockum; yellow depicts sulfate, red 
depicts chloride and green depicts bicarbonate.
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Figure 5 shows the geochemical models of the Antler Sands; yellow depicts sulfate, red 
depicts chloride and green depicts bicarbonate.

Figure 6 shows the geochemical models of the Edwards-Trinity; yellow depicts sulfate, 
red depicts chloride and green depicts bicarbonate.

 After modeling the geochemistries of these aquifers on ArcGIS to give a visual 
representation of the aquifers, piper plots are used to demonstrate a representation of 
every parameter given at each aquifer.
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Figure 7 models the chemistries of the White Horse (Permian).

Figure 8 models the chemistries of the Dockum.
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Figure 9 models the chemistries of the Antler Sands.

Figure 10 models the chemistries of the Edwards-Trinity.

 After viewing the chemistries of these aquifers, 3D models were constructed using 
ArcGIS and ArcScene. This 3D model depicts the depth of each aquifer in the region 
and shows the predominant aquifer at each county (Fig 11). Since the Permian aged 
aquifer has only 4 data points measured from the site, it has been thrown out of the 3D 
model.
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Figure 11. A three Dimensional representation of the Edwards-Trinity, Antler Sands, 
and Dockum aquifers. Yellow depicts the Edwards-Trinity water table, blue depicts the 
Antler Sands water table and red depicts the Dockum aquifer.

Results and Discussion

 After viewing the two dimensional chemical models in each aquifer, the western 
side of the Edwards-Trinity aquifer is driven more so by bicarbonate while on the east-
ern side, sulfate is the dominant anion. The trend that occurs in the Edwards-Trinity’s 
piper plot shows that; bicarbonate is equal to about 250 mg/l, chloride is equal to 130 
mg/l and sulfate equals 940 mg/l. roughly 70% of the Edwards-Trinity’s anions are sul-
fate. The same trends can be said for the Antler Sands aquifer, and even the Dockum. A 
possible reason for the separation can be due upwelling caused by over use of fresh cre-
taceous groundwater in the eastern portion could be causing sulfate activity to move up 
vertically through compromised areas of impermeable strata and increasing the TDS 
values of sulfate (Bumgarner, 2012). The reason bicarbonate is still predominant in 
the west is because the Edwards-Trinity is the main aquifer in this area, as noted in the 
three dimensional conceptual model. The Edwards-Trinity is composed of limestone 
and dolomite and has a much larger influence on water chemistry than the sandstones 
of the Antler Sands making bicarbonate the dominant ion in the aquifer. 
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After viewing the two dimensional chemical models in each aquifer, the western side of 
the Edwards-Trinity aquifer is driven more so by bicarbonate while on the eastern side, sulfate is 
the dominant anion. The trend that occurs in the Edwards-Trinity’s piper plot shows that; 
bicarbonate is equal to about 250 mg/l, chloride is equal to 130 mg/l and sulfate equals 940 mg/l. 
roughly 70% of the Edwards-Trinity’s anions are sulfate. The same trends can be said for the 
Antler Sands aquifer, and even the Dockum. A possible reason for the separation can be due 
upwelling caused by over use of fresh cretaceous groundwater in the eastern portion could be 
causing sulfate activity to move up vertically through compromised areas of impermeable strata 
and increasing the TDS values of sulfate (Bumgarner, 2012). The reason bicarbonate is still 
predominant in the west is because the Edwards-Trinity is the main aquifer in this area, as noted 
in the three dimensional conceptual model. The Edwards-Trinity is composed of limestone and 
dolomite and has a much larger influence on water chemistry than the sandstones of the Antler 
Sands making bicarbonate the dominant ion in the aquifer.  

 
Conclusion 

Though an exact cause for as to why upwelling is occurring from brackish Permian 
waters into the fresh cretaceous waters is not known, similar studies have shown faulting to be 
the major culprit in Pecos County for this event. It is possible that faulting is at play in this area 
as well or there may be a link to high secondary recovery tactics in the petroleum industry. 
Regardless to the cause of how the separate aquifer’s waters are interacting with each other, 
upwelling is caused when an artesian aquifer has been relieved of its pressure and acts as suction 
to nearby aquifers. The data from the Texas Water Development Board was gathered over 
several years spanning from the early 1960s to the present day, this means the models were 
created using all data. This does affect the outcome of multiple representations due to a limited 
data pull time was not factored into the conceptual models. To fully grasp the complete 
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Conclusion

 Though an exact cause for as to why upwelling is occurring from brackish Permian 
waters into the fresh cretaceous waters is not known, similar studies have shown fault-
ing to be the major culprit in Pecos County for this event. It is possible that faulting is 
at play in this area as well or there may be a link to high secondary recovery tactics in 
the petroleum industry. Regardless to the cause of how the separate aquifer’s waters 
are interacting with each other, upwelling is caused when an artesian aquifer has been 
relieved of its pressure and acts as suction to nearby aquifers. The data from the Texas 
Water Development Board was gathered over several years spanning from the early 
1960s to the present day, this means the models were created using all data. This does 
affect the outcome of multiple representations due to a limited data pull time was not 
factored into the conceptual models. To fully grasp the complete interactions of aque-
ous chemistry in this area, further studies can be done with the help of geophysical 
tactics and more data from the area.

References

Amine, Mohamed, Constantin Radu, and Ioan., 2012, Flow Modeling Aspects  
 Of  Urbanhydrogeological Systems. Mathematical Modelling in Civil  
 Engineering. p. 5-17.
Aley, Thomas, and Shiloh Kirkland., 2012, Down but not Straight Down:  
 Significance of Lateral Flow in the Vados Zone of Karst Terrains.  
 Carbonates Evaporites, v. 6, p. 193-198. 
Ashworth, John, B. 1983., Ground-water availability of the Lower  
 Cretaceous formations in the Hill Country of South-Central Texas:  
 Department of water Resources Report 273, 173. 
Ashworth, John B., and Prescott C. Christian., 1989, Evaluation of Ground- 
 Water Resources In Parts of Midland, Reagan, and Upton Counties, Texas.  
 Austin, Tex.: Texas Water Development Board.
Bradley, Robert G., and Sanjeev Kalaswad., 2008, Groundwater resources of  
 the Dockum Aquifer in Texas. Austin, Tex.: Texas Water Development  
 Board, 2003.
Harris, G., and Ward, J.W. 2012, Geochemical Summary of Aquifers in the  
 Concho River Watershed, West-Central Texas, Cirrus, v.1.
Johnathan R. Bumgarner, Gregory P. Stanton, Andrew P. Teeple, Jonathan V.  
 Thomas, Natalie A. Houston, Jason D. Payne, and MaryLynn Musgrove.,  
 2012, A conceptual Model of the Hydrogeologic Framework, Geochemistry,  
 and Groundwater-Flow Systems of the Edwards-Trinity and Related  
 Aquifer in the Pecos County Region Texas: United States Geological  
 Survey Rept, p 53. 
Sansom, Andrew. Water in Texas. Austin: University of Texas Press, p. 14.



Crius: Angelo State Undergraduate Research Journal43

Singh, S. K., Prashant K. Srivastava, M. Gupta, and S. Muckherjee., 2012,  
 Modeling Mineral Phase Change Chemistry of Groundwater in a Rural- 
 Urban Fringe. Water Science & Technology, v. 66.7, p. 1502-1510.
Sun, Alexander, Ronald Green, Swenson Sean, and Matthew Rodell., 2012,  
 Toward calibration of regional groundwater models using GRACE data.  
 Journal of Hydrology.  p. 1-9.
Walker, L. E., 1968, “Ground-water resources of Upton County, Texas: Texas  
 Water Development Board Rept”. 78, 145 p.
Williams, Paul W., 2008. The role of the Epikart in Karst and cave hydrogeology:  
 a review. International Journal of Speleology, v. 37, p. 1-10. 



Crius: Angelo State Undergraduate Research Journal44

Evaluation of Primers for Amplification of Hyaluronan Synthase 2 in Bat Species 
and Naked Mole Rats
 
Aimee	N.	Denham	and	Loren	K.	Ammerman,	PhD

Abstract

 Bats have a significantly longer lifespan than other mammals of similar size and 
have not been recorded to develop cancer. The longevity and anti-cancer properties 
displayed by bats are features shared by another well-studied mammal, the naked mole 
rat. The naked mole rat is currently the longest living rodent with a maximum lifespan 
of over 30 years, and the species exhibits a novel anti-cancer mechanism involving the 
rapid production of high molecular mass hyaluronan that is synthesized by hyaluronan 
synthase 2 (HAS2). In order to compare the expression levels of HAS2 between naked 
mole rats and several species of bats, RNA extracted from various tissues was subject-
ed to real-time polymerase chain reaction. Real-time PCR trials using multiple primers 
designed to be specific for the HAS2 region resulted in inconclusive data. PCR condi-
tions were altered multiple times and amplification reactions using genomic DNA were 
performed. Overall six different HAS2 primer sets were used and the primer sets HAS2 
and HAS2(4) resulted in detectable PCR product from genomic template, but the other 
four primer sets did not amplify. Although gene expression results were unsuccess-
ful despite the use of many published or designed primer sets, the process of creating 
primer sets and investigating why the primer sets did not work is important for future 
studies. 

*****

Introduction

 The study of aging represents a rapidly emerging field within the scientific 
community, especially with regard to investigating life extension and age-
related diseases. Organisms that display extended lifespans provide mo-

lecular clues with regard to the biological and physiological processes that influence 
aging. Unexpectedly long-lived species serve as unique models of aging. Understand-
ing the biological and molecular factors that contribute to their extended lifespan could 
potentially be applied to clinical research and improve the overall health of many in-
dividuals. 
 Several species of bats have significantly long lifespans when compared to other 
mammals of similar size and body mass. The maximum lifespan of a bat is, on average, 
three and a half times greater than other non-flying placental mammals of similar size, 
and there are records of individuals from 22 species that have survived more than 20 
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years and five species that have survived more than 30 years in the wild (Wilkinson and 
South, 2002). In addition, a recaptured male Brandt’s bat (Myotis	brandtii) in Siberia 
was recorded to be at least 41 years old, making it the longest lived species among 
small mammals (Podlutsky et al., 2005). The longevity that many bat species display is 
remarkable considering the relatively low body mass of a majority of bats, especially 
when compared to other mammalian species. 
 The longevity displayed in bats is a similar characteristic seen in another mam-
mal, the naked mole rat (Heterocephalus	glaber). Naked mole rats are currently the 
longest living rodents with a maximum documented lifespan of 32 years which is five 
times longer than expected based on body size and over ten times longer than a mouse 
(Buffenstein, 2008; Edrey et al., 2011). In comparison, the house mouse has a maxi-
mum lifespan of four years and the Damaraland mole rat has a maximum lifespan of 20 
years (Fang et al., 2014). In addition to their extended life, naked mole rats do not ex-
perience some of the common characteristics associated with aging. During their life, 
naked mole rats maintain their bone composition, bone density, metabolic rate, and 
they display remarkable genomic and proteomic integrity (Lewis et al., 2013). Clearly, 
complex physiological mechanisms present in this species heavily contribute to their 
senescent properties and long lifespan. A proposed and heavily studied contributing 
factor to the extended lifespan displayed by the species is their ability to resist cancer. 
Recently, naked mole rats have been discovered to display a novel anti-cancer mecha-
nism involving the rapid production of a modified form of hyaluronan (HA) caused 
by two unique serine substitutions in hyaluronan synthase 2 (HAS2), one of the HA 
synthesizing enzymes (Tian et al., 2013). HA is a high-molecular-mass polysaccharide 
that serves as an integral component within the extracellular matrix and various tis-
sues and organ systems. The secretion of high-molecular-mass HA (HMM-HA), the 
modified form of HA, within naked mole rats is an adaptation that contributes to the 
loose, stretchy skin membrane needed for life in small underground tunnels (Tian et al., 
2013). Denham (2015) examined the protein sequence of four bat species and found 
that they lack the two unique serine substitutions in HAS2 that are displayed by the 
naked mole rat. Coincidentally, the HMM-HA that is synthesized by the unique and 
highly expressed HAS2 enzyme now serves as the primary driving molecule behind 
the displayed anti-cancer and longevity properties of the species.
 Bats and naked mole rats share numerous features, most notably the extended 
lifespan, small body mass and size, and highly elastic skin membrane. For both bats 
and naked mole rats, the development of elastic skin membranes needed for flight and 
life in underground tunnels occurred through advanced evolutionary processes. The 
activity of the HAS2 enzyme that rapidly secretes HMM-HA into the extracellular ma-
trix contributes to the highly elastic skin membrane and the extended lifespan of naked 
mole rats (Tian et al., 2013), but extensive research into this particular molecule in bats 
has not been studied. 
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Objective

 In order to conduct successful gene expression experiments using real-time PCR, 
there are several vital steps that need to be properly executed. Primer design serves 
as one of the most important steps when designing a real-time PCR experiment. The 
objective of this study was to identify primer sets that would successfully amplify 
the HAS2 gene region using cDNA or genomic DNA extracted from various tissue 
samples from bats and the naked mole rat. Identification of successful HAS2 primer 
sets could then be used to study gene expression. This information could potentially 
provide valuable information regarding the gene product concentration, relative distri-
bution within the various tissues, and possible functional properties within the organ-
isms examined. 

Methods

 Reference genes, including ß-actin (ACTB) and glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH), and multiple primers for HAS2 were designed or retrieved 
from several sources (Table 1). New HAS2 primers were designed and created spe-
cifically with the intention of working with the tissue samples collected from mouse, 
mole rats, and several bat species. Sequences for the HAS2 gene and ACTB from the 
available bat, mole rat, and mouse species were retrieved from GenBank. The primer 
design tool from the database was utilized in order to find conserved regions from each 
of the desired species to be used as primers. The primers created were between 19 and 
20 base pairs in length. Once the specific primer pairs were found, each primer was 
analyzed in OligoAnalyzer 3.1 (Integrated DNA Technologies, Coralville, IA). This 
program reveals important primer features, including the base content, estimated melt-
ing temperature, self-dimer probability, hairpin likelihood, and other characteristics. 
All primers were purchased from AlphaDNA (Quebec, Canada).
 In the fall of 2014, two species of bats (Nycticeius	humeralis, evening bat; Lasi-
urus	cinereus, hoary bat) were collected from the Head of the River Ranch located in 
Christoval, Texas, and one species (Myotis	velifer, cave myotis) was collected from 
the Foster Road bridge in San Angelo, Texas. Tissue samples from the liver, kidney, 
heart, and wing membrane were collected and immediately stored in RNAlater RNA 
Stabilization Reagent (Qiagen, Valencia, CA) to preserve the tissue. After tissue collec-
tion, the bats and frozen tissue samples were deposited into the Angelo State Natural 
History Collections for future research (N.	humeralis	– ASK 10733, L.	cinereus – ASK 
10734, and M.	velifer – ASK 10737). Bats were collected under Texas Parks and Wild-
life Scientific Research permit #SPR-0994-703. Mole rat tissue samples, including 
Heterocephalus	glaber	(naked mole rat) and Fukomys	damarensis (Damaraland mole 
rat), were donated by the Barshop Institute for Longevity and Aging Studies lab at the 
University of Texas Health Science Center at San Antonio. Liver, kidney, heart, and 
skin tissue samples from two naked mole rats and two Damaraland mole rats were col-
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lected and stored in RNAlater RNA Stabilization Reagent. A house mouse (Mus	mus-
culus) retrieved from Angelo State University’s mouse colony served as a comparison 
species in the study. Liver, kidney, heart, skin, and ear tissue samples were collected 
and stored in RNAlater RNA Stabilization Reagent.
 RNA isolation and cDNA synthesis were performed to prepare the samples for 
real-time PCR. RNA isolation of the tissue samples stored in RNAlater was completed 
using the RNAqueous-4PCR Kit (Ambion Life Technologies, Grand Island, NY) fol-
lowing the manufacturer’s protocol. cDNA synthesis was completed using the iScript 
cDNA Synthesis Kit (Bio-Rad, Hercules, CA) following the manufacturer’s protocol. 
The cDNA generated served as the starting template that was used in determining the 
level of gene expression of HAS2 within each of the tissue samples examined.
 The generated cDNA was subjected to real-time PCR using a CFX Connect Real-
Time PCR Detection System machine (Bio-Rad, Hercules, CA). Real-time PCR was 
completed following the SsoAdvanced Universal SYBR Green Supermix protocol 
developed by Bio-Rad. Real-time PCR cycling conditions began with a denaturation 
step at 95ºC for 30 seconds, and then the samples were cycled 40 times at 95ºC for 15 
seconds and at 60ºC for 1 minute. The final step included a melting curve that occurred 
from 65.0ºC to 95ºC at 0.5ºC increments for 5 seconds per step. The addition of a melt 
curve was important in analyzing the dissociation characteristics of the products and 
was used to reveal nonspecific products by examining the number of melt peaks. The 
products following real-time PCR were separated by electrophoresis on a 1.0% agarose 
NaB gel with ethidium bromide and visualized on a UV transilluminator in order to 
ensure that proper amplification was occurring. FastRule Middle Range DNA ladder 
(Life Technologies, Grand Island, NY) was used to determine sizes of PCR fragments. 
 Following failed trials of real-time PCR, conventional PCR of cDNA was com-
pleted with five newly ordered primers in order to determine if any of the primers 
would produce positive results. The cDNA generated from N.	humeralis liver and wing 
membrane tissue samples was used to test each of the primers. The profile for PCR 
began with a denaturation step at 94ºC for 2 minutes. The samples were then cycled 
35 times at 94ºC for 30 seconds, 59ºC for 1 minute, and 72ºC for 1 minute. The final 
step was completed at 72ºC for 5 minutes. Products were separated on a 1% agarose 
gel by electrophoresis. In addition, genomic DNA was extracted from mouse, naked 
mole rat, Damaraland mole rat, hoary bat, and cave myotis liver tissue samples using 
the DNeasy Blood and Tissue Kit (Qiagen) following the manufacturer’s protocol. All 
primers, including the reference genes ACTB and GAPDH, were used in a conven-
tional PCR run using the extracted DNA as the template to determine which primers 
exhibited positive or negative amplification of HAS2. The profile for PCR consisted of 
a denaturation step at 94ºC for 2 minutes, and then the samples were cycled 35 times 
at 94ºC for 30 seconds, 59ºC for 1 minute, and 72ºC for 1 minute. The final step was at 
72ºC for 5 minutes. Products were separated on a 1% agarose gel by electrophoresis.
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Results

 Numerous real-time PCR experiments with cDNA and conventional PCR experi-
ments with genomic DNA were performed using the HAS2 primer sets and reference 
genes. Selected results from melt peak analyses and several notable electrophoresis 
trials are discussed in the following results. 
Melt peak analysis revealed strong peaks for GAPDH at around 86.5ºC, the expected 
product melting temperature (Figure 1). The peaks for ACTB were between the melt-
ing temperatures 76.5ºC and 77.0ºC which is the expected melting temperature for 
the primers, not the product. The peaks for HAS2 are below the set threshold value 
and some of the samples display two peaks that indicate the presence of an unspecific 
product. However, the peaks are around the expected product melting temperature of 
88.0ºC.

Figure 1. Real-time PCR melt peak analysis of N.	humeralis, L.	cinereus, and M.	velifer	
liver and wing membrane tissue samples with the HAS2 primer set. Primers include 
HAS2 (purple), GAPDH (orange), and ACTB (blue). HAS2 melt peaks are below the 
threshold value and some display two peaks, indicating the presence of unspecific 
product. Negative control samples are green.

 
Figure 1 
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Electrophoresis analysis of the real-time PCR products using a 1.0% agarose gel re-
sulted in moderate banding for the HAS2 primer set at around 350 base pairs for N. 
humeralis (Figure 2). In addition, there was weak and smeared banding for HAS2 for 
L. cinereus and M. velifer. GAPDH was associated with strong banding at around 400 
base pairs for each of the species, and no banding was exhibited for ACTB. 

Figure 2. Electrophoresis analysis of N.	humeralis,	L.	cinereus,	and	M.	velifer liver 
and wing membrane tissue samples amplified from cDNA with the HAS2 primer set. 
Samples include HAS2 liver and wing membrane tissue samples for each respective 
species (lanes 2-3, 8-9, and 15-16), GAPDH liver and wing membrane tissue (lanes 
4-5, 10-11, and 17-18), and ACTB liver and wing membrane tissue (lanes 6-7, 12-13, 
and 19-20). Lane 1 and 14 contain the mid range DNA ladder.
 
 A second melt peak analysis from a trial where the primer set HAS2(1) was used 
revealed strong peaks for GAPDH at around 86.5ºC, the expected product melting 
temperature (Figure 3). The peaks for ACTB were between the melting temperatures 
76ºC and 78.0ºC which is the expected melting temperature for the primers, not the 
product. The peaks for HAS2 were also strong between the melting temperatures 76ºC 
and 78.0ºC, indicating primer amplification. Conventional PCR of cDNA from N.	hu-
meralis,	L.	cinereus,	and	M.	velifer liver and wing membrane tissue samples with the 

 
Figure 2 
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primer sets HAS2(1) and HAS2(2) resulted in no banding for either primer set (data 
not included). 

Figure 3. Real-time PCR melt peak analysis of N.	humeralis,	L.	cinereus,	and	M.	velifer	
liver and wing membrane tissue samples with HAS2(1) primer set. Primers include 
HAS2(1) (purple), GAPDH (orange), and ACTB (blue). Negative control samples are 
green.

Conventional PCR of cDNA from N.	humeralis liver and wing membrane tissue sam-
ples with the primer sets HAS2(3), HAS2(4), HAS2(5), HAS2(6), HAS2(7), and GAP-
DH resulted in positive banding only for samples with the GAPDH primers (Figure 4). 
All primer sets, excluding GAPDH, resulted in strong banding below 100 base pairs 
at an annealing temperature of 59ºC and a MgCl concentration of 2.0µl. This indicates 
that primer hybridization or primer dimer is occurring. 

 
Figure 3 
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Figure 4. Electrophoresis analysis of N.	humeralis liver (L) and wing membrane (W) 
tissue samples with negative controls (NC). Conventional PCR of cDNA from the tis-
sue samples using the primer sets HAS2(3), HAS2(4), HAS2(5), HAS2(6), HAS2(7), 
and GAPDH resulted in product for only GAPDH. Lane 1 and 14 contain the mid 
range DNA ladder.  

 All primers, including the reference genes ACTB and GAPDH, were used in a con-
ventional PCR of genomic DNA and products were separated by electrophoresis. Ex-
tracted genomic DNA from mouse, naked mole rat, Damaraland mole rat, L.	cinereus,	
and	M.	velifer liver tissue samples served as the template to determine which primers 
exhibited positive or negative amplification of HAS2. The primers HAS2 and HAS2(2) 
showed positive banding and no banding of the negative control samples (Figure 5). 
In addition, ACTB showed faint banding and GAPDH showed slightly stronger band-
ing. The primers HAS2(3) and HAS2(4) showed banding, but the negative controls 
containing just primer also showed banding. The primer set HAS2(7) was run on a 
separate gel, but there was no product banding shown (data not included). Several 

 
Figure 4 
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HAS2 primer sets and reference gene primer sets resulted in positive amplification us-
ing cDNA or genomic DNA extracted from various tissue samples (Table 1). 
 

Figure 5. Electrophoresis analysis of PCR products from multiple primer sets tested 
with extracted genomic DNA from liver tissue samples. Species included mouse, na-
ked mole rat, Damaraland mole rat, L.	cinereus,	and	M.	velifer, and a negative control 
sample (L to R). Primer sets HAS2 (lanes 2-7) and HAS2(2) (lanes 14-19) showed 
product. 

 
Figure 5 
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Table 1. Primers for HAS2, GAPDH, and ACTB designed or retrieved from previous 
studies. Primer sets showing positive amplification using cDNA or genomic DNA are 
indicated by a checkmark. Blank spaces indicate primer sets with no amplification. 
Species names given in text. 

 
Table 1 
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Discussion

 Results from real-time PCR revealed that the HAS2 primer set resulted in am-
plification of the desired product, but melt peak analysis showed two peaks during 
each trial. This suggests that unspecific products were also being amplified, such as 
hybridized primers (Derveaux et al., 2010). In addition, the reference gene ACTB ap-
peared to show correct melt peak analysis. However, electrophoresis analysis resulted 
in no product for ACTB, indicating that the displayed quantification was primer dimer 
instead of amplified ACTB regions from the cDNA template. The hybridized primers 
were amplifying as the reaction progressed, resulting in a false positive outlook during 
the gene expression analysis. The reference gene GAPDH showed conclusive amplifi-
cation, promising melt peak data, and positive banding during electrophoresis analysis. 
The fact that GAPDH showed conclusive results throughout the trial indicates that 
there is cDNA present for each sample tested. This result suggests that the absence of 
proper amplification for HAS2 and ACTB is due to a problem with primer design, not 
a lack of cDNA present.
 After the unsuccessful results with the HAS2 primer set, the primers HAS2(1) and 
HAS2(2) were designed and ordered with the hopes of obtaining successful amplifica-
tion of the HAS2 gene region without amplification of unspecific products. Real-time 
PCR trials with the HAS(2) primer resulted in unsuccessful amplification of certain 
samples and unsatisfactory melt peak data, indicating that the primer was not binding 
to the desired HAS2 region on the cDNA template strands. Real-time PCR with the 
HAS2(1) primer resulted in what appeared to be successful amplification for each of 
the samples. Melt peak analysis did not contain double peaks as previously seen with 
the HAS2 primer set. However, the melt peaks for HAS2(1) and ACTB were between 
the melting temperatures 76.5ºC and 78.0ºC, which were the expected melting tem-
peratures for the primers, not the product. This indicates that data involving the primer 
HAS2(1) probably was primer dimer, not the HAS2 gene region amplifying. This was 
further supported when primer dimer was exhibited for the HAS2(1) and HAS2(2) 
primer sets once the samples were separated by electrophoresis. 
 A total of five new primers were retrieved from various studies, and each new 
primer set was tested using conventional PCR with cDNA from N.	 humeralis liver 
and wing membrane tissue samples. The primer sets HAS2(3), HAS2(4), HAS2(5), 
HAS2(6), HAS2(7) all resulted in banding below 100 base pairs. This indicates that 
primer hybridization, not the desired amplification of the HAS2 gene region, was oc-
curring. As previously seen, the primer set GAPDH showed positive banding which is 
an indicator that cDNA is present and the unsuccessful amplification is due to unspe-
cific primer design for the HAS2 gene region. 
 When DNA was extracted from mouse, naked mole rat, Damaraland mole rat, L.	
cinereus,	and	M.	velifer	liver tissue samples at the conclusion of the study, convention-
al PCR revealed that only the HAS2, HAS2(2), GAPDH, and ACTB primers showed 
faint, but promising banding. This indicates that these primers might be successful in 
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real-time PCR quantification and gene expression analysis in future studies once the 
protocol is refined. There were a variety of annealing temperature and MgCl concen-
tration changes that occurred throughout multiple trials, but the results remained rela-
tively unchanged. One factor that could have contributed to the inclusive results in the 
concentration of RNA or cDNA used throughout the experiment. The DNA extracted 
from the liver tissue was at a much higher concentration as compared to the RNA ex-
tracted earlier in the study, which could explain the positive results in the conventional 
PCR reaction. Having a higher starting RNA concentration could produce a larger yield 
of cDNA during cDNA synthesis. It is very possible that having a low concentration of 
cDNA template during each of the real-time PCR trials could have strongly contributed 
to the unsuccessful quantification of the desired HAS2 gene region. In addition, the 
extracted RNA or synthesized cDNA could have degraded throughout the duration of 
the study. This could result in even lower concentrations of starting template for each 
of the real-time PCR trials.
 Several factors could contribute to the inconclusive results obtained from the study. 
One of the most important factors was the primer design. Due to the insufficient quan-
tification in real-time PCR trials and undetectable banding in electrophoresis analysis, 
the primers designed or selected for the study might not have been as specific to the 
samples from each species as they should have been. When conducting real-time PCR 
experiments, it is crucial to ensure that the primers chosen anneal to the desired cDNA 
regions for all samples being examined, do not display self-hybridization, commonly 
known as primer dimer, and are used at sufficient concentrations in the experimental 
reactions (Derveaux et al., 2010). This could be because none of the HAS2 primer sets 
that were published were used in studying bats. Instead, they were used for studying 
human, mice, or the naked mole rat. Although HAS2 is noted to be a highly conserved 
gene region in mammalian species (Spicer and McDonald, 1998), the designed or pub-
lished primers selected for this study were not effective across all of the species exam-
ined. 
 Regarding the primer design, future research should include sequencing the DNA 
that amplified from the liver tissue samples of mouse, naked mole rat, Damaraland 
mole rat, L.	cinereus,	and	M.	velifer. Once the sequence is retrieved, it can be aligned 
and used to determine possible primers specific to the samples being used. The expres-
sion levels of HAS2 could then be determined and successful gene expression analysis 
could be performed.
 Understanding the mechanisms involving longevity in bat species, as well as other 
long-lived organisms, has significant value within the scientific community. The com-
plex processes that occur in these species could be used to improve the lives of many 
individuals by unlocking the mysteries of age-related diseases, such as neurodegenera-
tive disorders and cancer. Therefore, continued research with bats, naked mole rats, 
and other long-lived species is extremely valuable and has the potential to significantly 
add to our understanding of aging.
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A Simple Procedure for Quantitatively Measuring Pseudomonas aeruginosa 
Slime Production
 
Chelbee	Farnen	and	Crosby	Jones,	PhD

Abstract

 Pseudomonas	aeruginosa is an opportunistic bacterial pathogen most associated 
with infection of the lungs of cystic fibrosis (CF) patients. It produces extracellular 
polysaccharides collectively referred to as slime that includes one specific virulence 
factor known as alginate. Current methods to measure the actual production of this 
slime require either expensive equipment, or they are not quantitatively accurate. This 
study reports a method that is simple and yields statistically reproducible results there-
by enabling researchers to easily follow the rate of slime production in the bacteria. 
Ongoing studies will use this method to study the effect of growth media containing 
different components upon the production of slime. These studies may have in	vivo	
relevance to the production of this virulence factor in the lungs of CF patients and in 
other infectious settings.

*****

Introduction

 Pseudomonas	aeruginosa (Fig 1) produces polysaccharide slime that when 
secreted into the lungs of cystic fibrosis patients can cause life-threatening 
effects (5,7).  Many experiments have been performed on slime produc-

tion from this organism, but its measurement is not usually an easy procedure. This 
research addressed how to measure this slime production in an easy, statistically repro-
ducible manner.  
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FIG 1. Gram stain of P.	aeruginosa at 1000X magnification.

 Currently the most popular methods include viscosity measurements (7), visual 
estimations (5), electron microscope imaging (2), a tube method (1), spectrophotomet-
ric method (1), and some chemical assays including the uronic acid–carbazole reaction 
method (4). The viscosity measurements are difficult to reproduce because the slime 
is, first of all, sticky, and second, it does not necessarily have the same consistency 
throughout. This causes the alginate to adhere to the equipment and yield inaccurate 
results. Some researchers simply use visual estimations of turbidity to show which 
culture produced more alginate (5). This is obviously not quantitative, and not neces-
sarily reproducible because the person doing the estimation subjectively determines 
the results. Using an electron microscope to view the actual thickness of the alginate 
layer is sometimes employed (2), but procuring an electron microscope can be quite 
difficult, and preparing samples can be expensive. The tube method uses a saffranin 
stain to produce a positive or negative result depending upon whether or not slime was 
produced (1). This obviously is not quantitative and the actual amount of slime cannot 
be measured. The spectrophotometric method uses many specific chemicals in a very 
precise method. This is quite time consuming and requires specific equipment (1). The 
uronic acid based method also requires specific chemicals as well as specialized equip-
ment to read the results (3). It is the best current method and has been shown to be 
reliable and reproducible. The methods proposed in my study will retain the reliability 
and reproducibility of the current most reliable method but add simplicity, rapidity and 
economy.
 Different types of media were used to test the hypothesis that different media com-
ponents would influence the difference in slime production. The most important aspect 
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of the experiment was to provide a method which was statistically reproducible. More 
tests must still be performed, but after much trial and error the current method success-
fully measures the quantity of slime produced by these bacteria after incubation.   

MATERIALS AND METHODS

 Setting up the Apparatus. An apparatus was designed to allow the P.	aeruginosa 
slime to flow through in a fashion that would be slow enough for time measurement, 
but not too slow to where the piping would clog. The prototype apparatus was con-
structed using a funnel, Pasteur pipette, and clay (Fig 2).  First the clay was placed into 
the funnel and spread thin where the Pasteur pipette would contact it. Next the pipette 
was fit into the stalk of the funnel and sealed tightly using the clay. The entire apparatus 
was then placed into a ring stand to support it, and a petri dish was placed underneath 
to catch the slime that would flow through the device. At this stage the Pasteur pipette 
could not be changed out between trials because the clay loses its adhesive qualities 
when wet.  

FIG 2. The sample, substituted by a red liquid, is poured into the apparatus (A). The 
clay stopper is then removed allowing the liquid to evacuate into the Petri dish placed 
underneath (B).
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 Incubation and Inoculation. Mueller-Hinton (MHB) and tryptic soy broths (TSB) 
were used in this experiment in 20mL quantities placed into empty petri dishes. The 
petri dishes were then inoculated with a stock culture of Pseudomonas	aeruginosa by 
touching a colony on a tryptic soy agar (TSA) plate using a loop and placing the loop 
into the broth and spreading it using a back and forth motion and alternating between 
the two types of broth. The loop was flamed between each broth inoculation and the 
time of inoculation was recorded on the top of the dish. The petri dish is preferred over 
a tube because of the greater surface area for the bacteria to contact, and the petri dish 
also allows for easier collection to test the slime. A total of 10 broth samples, half MHB 
and half TSB, were incubated for each trial at 35C for 48-50 hours along with a nega-
tive control of each broth consisting of uninoculated broth.     
 Slime Quantification Tests. After the incubation period the samples were removed 
from the incubator and the negative controls were tested first by pouring them into the 
apparatus which is stoppered to begin with (Fig 2A). The stopper was then removed 
as a timer was started to allow the liquid to flow through, and once the liquid stopped 
flowing, the timer was stopped and the time recorded. The test samples were treated 
in the exact same manner, and then normalized by using the average of 5 negative 
control tests of the same broth. To ensure all of the slime from the samples was tested 
the contents of each petri dish were first transferred into a sterile specimen cup. The 
samples were poured very slowly so that the maximum amount of slime was collected, 
and then the bottom of the dish was scraped using a plastic disposable loop with a slow 
sweeping motion to collect all of the adherent biofilm. The test samples were alternated 
between broth types and were performed in the order of inoculation. The time of the 
test was also recorded to provide an accurate incubation time.     
 Statistical Analysis. ANOVA, T-test, and ANCOVA statistical tests were performed 
to provide statistical evidence of reproducibility. The times were normalized using the 
average of the negative controls. The tests were also used to determine if the different 
broths produced significant differences, and to test if the incubation time was statisti-
cally significant to the slime production. 

RESULTS AND DISCUSSION

 The original hypothesis that the different broths would produce different amounts 
of slime was not supported (p=0.75). However, the method proposed showed significant 
reproducibility from week to week as determined using an ANCOVA test to normalize 
for the incubation time (p=0.8112). These results indicate that this method could be 
useful in testing the quantity of slime produced by Pseudomonas	aeruginosa in a lab 
setting. While the different broths did not produce significantly different numbers, it is 
notable that the slime produced in the TSB tended to adhere to the dish more so than 
the slime produced in the MHB which could indicate differences in the presence of 
biofilm in these two broths.
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 On the other hand, these data do show the significance of incubation time 
(p=5.865e-12, F1,26 =139.6901) where longer incubation correlates to greater slime 
production (Fig 3) regardless of the medium. This is consistent with visual observa-
tions of slime production. Also, the incubation times used in this study were chosen 
because slime production was minimized under 40 hours, and excessive over 60 hours 
to the extent that the pipette became clogged and produced inaccurate results (data not 
shown). Lastly, it is recommended that the slime be handled as little as possible be-
cause when agitated the slime tended to break up and flow more quickly than expected 
through the apparatus (Fig 4). 

FIG 3. The average times of MHB and TSB were taken at 48.5 hours after incubation, 
49 hours after incubation, and 50.5 hours after incubation. The time of incubation 
demonstrated a positive correlation in the time it took for the slime to run out of the 
apparatus.  
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FIG 4. The slime produced by Pseudomonas	aeruginosa when incubated in a broth. 
The slime before agitation, used in the tests is thick enough to scoop up with a loop 
(A), but once agitated the slime becomes thin and broken up to where the loop can no 
longer scoop it up (B).

 Future Studies. This experiment demonstrated a possible method for the measure-
ment of slime production by P.	aeruginosa. More trials are necessary to illustrate the 
reproducibility of the method. Further studies of the effect of media components upon 
slime production are planned. For example, it is known that female cystic fibrosis pa-
tients tend to show more aggressive symptoms sooner from this pathogen than in men 
(6). Perhaps adding female prevalent hormones such as estrogen may have an impact 
on slime production and could be tested using my method. Such studies could shed 
some light on the gender differences reported in the pathology of cystic fibrosis pa-
tients. Also, a more refined apparatus could be created which included the ability to 
have an exchangeable pipette for even better results.     
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Sampling the anterior nares for Staphylococcus aureus: One nasal passage or 
both? Does it matter?
 
Sarah	Murray	and	Crosby	Jones,	PhD

Abstract

 Nosocomial infections are of high importance in modern medicine, with special 
attention being paid to the bacterium Staphylococcus	aureus which often resides in 
the nasal passages of humans. This specific bacterium has the genetic ability to evolve 
into many different strains, some more virulent and pathogenic than others includ-
ing Methicillin-resistant Staphylococcus	 aureus (MRSA) and Vancomycin-resistant 
Staphylococcus	aureus (VRSA). Standard sampling protocol in hospitals and research 
studies vary.  Some stipulate that only one nostril be tested, while other protocols 
specify that both nostrils be tested with the same swab, as if the bacterial carriage in 
each nostril is homogeneous. The proposed study tested the extent of variation in each 
nostril, through biotyping, enterotoxin typing, and genetic strain typing.

*****

Introduction

 Staphylococcus	aureus is typically a gram-positive, coccus-shaped bacterium, 
which grows well on a salt-rich medium and ferments mannitol (see figure 
1). It is a common cause of infections in humans due to its virulent and 

infectious nature. Staphylococcus	 aureus genetically 
evolves to carry a variety of toxins and is resistant to 
antibiotics. For example, a virulence factor specific to S.	
aureus is Protein A, which serves to inhibit phagocytic 
engulfment and acts as a valuable way to differentiate 
S.	 aureus from other Staphylococcus species (Jensen 
1958). Additionally, most but not all Staphylococcus	
aureus strains produce a toxin called staphyloxanthin, a 
carotenoid pigment in the colonies from which the name 
aureus is derived. Staphyloxanthin is responsible for 
the bacterium’s resistance to neutrophils and oxidative 
stress (Otto, 2013). Furthermore, S.	aureus can produce 
a variety of enterotoxins which are known to cause food 
poisoning and is one of the most common food-borne 

diseases in the world (LeLoir et al., 2003). To date 20 different staphylococcal en-
terotoxins (SEs) have been discovered, including the classic types, SEA, SEB, SEC, 

Sampling the anterior nares for Staphylococcus aureus: One nasal passage or 
both? Does it matter? 

Sarah Murray and Crosby Jones

Abstract

Nosocomial infections are of high importance in modern medicine, with special attention being 
paid to the bacterium Staphylococcus aureus which often resides in the nasal passages of 
humans. This specific bacterium has the genetic ability to evolve into many different strains, 
some more virulent and pathogenic than others including Methicillin-resistant Staphylococcus
aureus (MRSA) and Vancomycin-resistant Staphylococcus aureus (VRSA). Standard sampling 
protocol in hospitals and research studies vary.  Some stipulate that only one nostril be tested, 
while other protocols specify that both nostrils be tested with the same swab, as if the bacterial 
carriage in each nostril is homogeneous. The proposed study tested the extent of variation in each 
nostril, through biotyping, enterotoxin typing, and genetic strain typing. 

Introduction

Staphylococcus aureus is typically a gram-positive, coccus-shaped bacterium, which 

grows well on a salt-rich medium and ferments mannitol (see figure 
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and infectious nature. Staphylococcus aureus genetically evolves to 
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virulence factor specific to S. aureus is Protein A, which serves to 

inhibit phagocytic engulfment and acts as a valuable way to 

differentiate S. aureus from other Staphylococcus species (Jensen 

1958). Additionally, most but not all Staphylococcus aureus strains produce a toxin called 

staphyloxanthin, a carotenoid pigment in the colonies from which the name aureus is derived. 

Staphyloxanthin is responsible for the bacterium’s resistance to neutrophils and oxidative stress 

Figure 1. Mannitol salts agar 
showing differentiation between 
S. aureus (left side) and other 
Staphylococcus species (right 
side) due to the fermentation of 
mannitol 

(Otto, 2013). Furthermore, S. aureus can produce a variety of enterotoxins which are known to 
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SED, along with newly described types, SEG-SEU. Different strains of S.	aureus can 
carry a variety of enterotoxins, thus increasing the pathogenicity and virulence of the 
bacterium, although it should be noted that SEA is the most common enterotoxin. The 
most common source of food contamination has been found to be food handlers which 
carry S.	aureus on their hands or in their nasal passages. Since a food worker that con-
taminates a product can be identified based on their nasal carriage of a specific strain 
of S.	aureus which is carried this improves the epidemiology of a staphylococcal food 
poisoning outbreak (Argudin et al., 2010). S.	aureus has also developed a resistance to 
antibiotics, including methicillin for which MRSA is named. This resistance is partly 
made possible by the methicillin resistant cassette A (mecA) gene (Datta et al., 2013). 
Although the recognition of the mecA gene is recent, it may have been the cause of 
infections for over 35 years. In a retrospective study, the earliest blood isolate contain-
ing the mecA gene dated 1975. A homologue to the mecA gene, designated the mecC 
(also noted as the mecLGA251) gene, has also been discovered (Paterson et al., 2014).
 Nasal S.	aureus carriage is present in about 30% of the population and has been 
identified as a risk factor for both nosocomial and community acquired infections. 
Overall colonization with MRSA has increased in the United States, despite an overall 
decrease in S aureus colonization (Gorwitz et al., 2008). Identifying strains of S.	au-
reus is essential due to the clues different strains may give as to source, transmission, 
and range of the bacterium. Antibiotic efficacy has been compromised due to the emer-
gence of MRSA and the potential of VRSA (vancomycin-resistant Staphylococcus	au-
reus). Three carrier states of S.	aureus can be identified; non-carriers, transient carriers, 
and persistent carriers. Unfortunately, no human factor or bacterial characteristic has 
been discovered which can separate transient from persistent carriers (Vandernbergh et 
al., 1999). Traditionally, S.	aureus carriers have been thought to be colonized by only 
one strain. However if multiple strain colonization is possible and prevalent in both 
persistent and transient carriers, new strains could affect both research studies and 
intensify invasive disease risk (Votintseva et al., 2014). 
 A common site of S.	aureus carriage is characteristically the anterior nares and the 
standard screening process involves swabbing the nostrils for colonization (Wertheim 
et al., 2005). Typical protocol in hospitals and research studies vary on swab type 
with Calcium alginate nasopharyngeal applicators having the lowest overall recov-
ery. Rayon-tipped, polyester-tipped, cotton-tipped and regular rayon have shown to 
have comparable results in the collection of S.	aureus. Pre-moistened and pre-enriched 
swabs have the highest overall recovery regardless of swab type (Lander et al., 2010). 
Protocol also varies procedurally if one or both nostrils need be tested.  Those which 
recommend sampling both nostrils instruct that the same swab be used for the right 
and left as if the bacterial carriage in the anterior nares is homogenous (Kildow et al., 
2012). This is problematic when tracing any type of epidemic related to S.	aureus, be 
it a staphylococcal food poisoning occurrence or an outbreak of MRSA cases in a hos-
pital. 
 Polymerase chain reaction (PCR) amplifies and analyzes genes that a cell carries, 
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such as the mecA gene. This is accomplished by 3 stages known as denaturation, an-
nealing, and extension. A master mix is used to amplify the sample, which is based on 
the DNA strand to be reproduced, primers which specify the DNA sequence to amplify, 
a temperature-tolerant DNA polymerase, deoxynucleotide triphosphates (dNTPs) to 
be used as the building blocks for replication, and a buffer solution to provide a stable 
environment. For analysis of the products, a sample is run through gel electrophoresis 
and then examined under UV light. For example if a strain of S.	aureus carries the gene 
for enterotoxin A, PCR will be able to detect the gene and it will show as a band on the 
gel.
 The goal of this study is to test the assumption that both nostrils of the same person 
contain the same microflora. The hypothesis is that carriers of S.	aureus will sometime 
harbor different strains in each nostril and predict that this will be more common in 
those who are transient carriers because they have not yet developed the conditions 
necessary for stable permanent colonization. If S.	aureus carriers are colonized with 
multiple strains and the nasal colonization can be proven as widely heterogeneous it 
would be useful in the epidemiology for tracing the source of a S.	aureus outbreak in a 
hospital or community. 

Materials and Methods

Microbial Cultures
 A total of 80 people in the Angelo State Biology Department were swabbed for 
the presence S.	aureus. Each participant sampled both the left and the right nostril with 
a sterile dry cotton tipped swab. Each swab was then streaked onto a divided plate 
of Mannitol Salts Agar (MSA) and the cultures were allowed to incubate at 37C for 
two days. After incubation colonies which appeared to ferment mannitol were then 
re-isolated and streaked onto a new plate of MSA. Cultures which were definitively 
positive for mannitol fermentation were then streaked onto Tryptic Soy Agar (TSA) for 
stability, and then further verified for identification as S.	aureus using Protein A latex 
agglutination and biotyped using API Staph strips before undergoing Rapid Passive 
Latex Agglutination (RPLA) and Polymerase Chain Reaction testing.

Strain Identification
Latex	Agglutination

 Colonies showing positive mannitol fermen-
tation were then verified as S.	aureus using Protein 
A latex agglutination. This was done according to 
manufacturer specifications, using disposable slide 
cards with white reaction circles and a reagent con-
taining blue-latex particles coated with IgG and fi-
brinogen to bind protein A. A drop of the reagent 
was placed on the slide card, and a wooden stick 
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was used to mix a single sample with the reagent in the reaction circle. Clumping of the 
latex beads showed a positive reaction, the sample remaining in solution was indicative 
of a negative reaction (see figure 2). 

API Staph
 Colonies which exhibited a positive Protein A reaction were then differentiated by 
biotype using API Staph strips. The protocol for using these followed manufacturer 

recommendations, which were covered 
in instruction inserts included in each 
kit. Twenty-four hour old cultures were 
diluted into manufacturer provided solu-
tions, which were then distributed into 
20 wells. The strip was then incubated 
for 24 hours and examined after adding 
reagents to the appropriate wells. Using 
a profile index provided by the manufac-
turer, positive and negative reactions in 
each well were recorded based on color 
change due to fermentation. A pattern of 
positive and negative results provided a 

specific biotype of a given strain of the bacterium (see figure 3).

Rapid Passive Latex Agglutination
 Colonies which were identified as S.	aureus and probable S.	aureus through API 
Staph strips were then tested for production of enterotoxins SEA, SEB, SEC and SED 

using SET-RPLA. This was done by growing 
each culture in Todd-Hewitt broth at 37C for 48 
hours, then centrifuging each culture at 900g for 
20 minutes at 4C. Using a micropipette 25 µl of 
supernatant from each culture was dispensed into 
4 different wells in the provided plate, along with 
the appropriate and respective anti-enterotoxin. 
The plate was then covered with the lid and left 
undisturbed at room temperature for 24 hours. 
Each well was examined for positive agglutina-
tion, with a pellet in the bottom of the well indi-
cating a negative reaction (see figure 4). 
MRSA
 S.	aureus cultures were also spot inoculated 
onto MSA with oxacillin to test for antibiotic 

resistance. Cultures which grew and fermented mannitol were noted as positive for 
methicillin resistance. Oxacillin resistance is clinically used as an indication of methi-
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Figure 4 RPLA test showing a positive 
reaction to staphylococcal enterotoxin A 
as marked by the red circle and shown 
through the cloudiness in the well 

MRSA

S. aureus cultures were also spot inoculated onto MSA with oxacillin to test for antibiotic 

resistance. Cultures which grew and fermented mannitol were noted as positive for methicillin 

resistance. Oxacillin resistance is clinically used as an indication of methicillin resistance.  

Polymerase Chain Reactions 

 Cultures which were shown to be S. aureus or probable S. aureus were tested for carriage 

of enterotoxin genes SEA, SEB, SEC and SED, along with antibiotic resistance genes mecA and 
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cillin resistance. 

Polymerase Chain Reactions
 Cultures which were shown to be S.	 aureus or probable S.	 aureus were tested 
for carriage of enterotoxin genes SEA, SEB, SEC and SED, along with antibiotic re-

sistance genes mecA and mecC, with NUC used as 
a reference gene. DNA was isolated by suspending 
each pure culture in 50 µl sterile distilled water, in-
cubating at 100C for 10 minutes, then centrifuging at 
16,000 g for 1 minute at 4C. The reaction mixture for 
PCR was a total volume of 20 µl, containing 2 µl of 
supernatant, 1X Qiagen PCR buffer, 2.5 U Taq DNA 
polymerase, 200 µM of each dNTP, 4.5 mM MgCl2, 
primers in their respective concentrations (for primer 
sequences and concentrations see Table 1), and ster-
ile distilled water was used to dilute to the final vol-
ume. All amplifications were carried out in a Bio-Rad 
Thermal Cycler. The following program was used for 
detection of staphylococcal enterotoxins: initial dena-
turation at 94C for 5 minutes, followed by 30 cycles 
of denaturation at 94C for 45 seconds, annealing at 
62C for 45 seconds, and extension at 72C for I minute 
and 45 seconds. A final extension for 8 minutes at 72 

C then followed. For detection of mecA and mecC, the following program was used: 
initial denaturation at 94C for 15 minutes, followed by 30 cycles of denaturation at 94C 
for 30 seconds, annealing at 59C for 1 minute, and elongation at 72C for 1 minute. A 
final extension for 10 minutes at 72C then followed. All PCR products were visualized 
on 2% NaB gels (see figure 5).
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Figure 5 PCR showing positive 
reactions for the gene to 
staphylococcal enterotoxin A

Primer name Oligonucleotide sequence 5’-3’ Amount 
(µM)

Target
gene

Product
(bp)

References

NUC-f AGT TCA GCA AAT GCA TCA CA 0.13

NUC-r TAG CCA AGC CTT GAC GAA CT 0.13

nuc 400 Zouharova
and
Rysanek
(2008)

SEA-f TAA GGA GGT GGT GCC TAT GG 0.06

SEA-r CAT CGA AAC CAG CCA AAG TT 0.06

sea 180 Zouharova
and
Rysanek
(2008)

SEB-f TCG CAT CAA ACT GAC AAA CG 0.75 seb 478 Zouharova
and
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Table 1. Primer names, sequences and concentrations of targeted genes.

Results and Discussion

 Of the initial 160 samples, 85 showed mannitol fermentation, and 52 had a positive 
reaction for Protein A. Of these samples, a total of 12 different biotypes were identi-
fied, with two predominant types found. These samples were then tested for enterotox-
in production, yielding 19 total strains producing enterotoxins, including 13 producing 
SEA, 3 producing SEB, 4 producing SEC, and 1 producing SED. A total of 7 samples 
showed active methicillin resistance. In the PCR reactions, 31 samples showed genetic 
carriage of SEA which included the 13 producing SEA, 8 samples showed carriage of 
SEB which included the 3 producing SEB, 7 showed carriage of SEC which included 
the 4 producing SEC, and 1 showed carriage of SED which was in fact the 1 sample 
which produced SED. For genes relating to methicillin resistance, 8 samples showed 
carriage of mecA and 5 samples showed carriage of mecC, which included 5 samples 
with active oxacillin resistance. All negative controls in these reactions were negative. 
The compiled data shows a total of 31 different strains among 52 samples. Of these, 4 
people were resampled and showed persistent carriage of S. aureus, though each car-
ried a different strain when resampled. These results can be seen in Table 2.
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UC used as a reference gene. DNA was isolated by suspending each pure culture in

istilled water, incubating at 100C for 10 minutes, then centrifuging at 16,000 g for 

1 minute at 4C. The reaction mixture for PCR was a total volume 

of 20 µl, containing 2 µl of supernatant, 1X Qiagen PCR buffer, 2.5

U Taq DNA polymerase, 200 µM of each dNTP, 4.5 mM MgCl2,

primers in their respective concentrations (for primer sequences 

and concentrations see Table 1), and sterile distilled water was used
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72 C then followed. For detection of mecA and mecC, the following program was used: initial 

denaturation at 94C for 15 minutes, followed by 30 cycles of denaturation at 94C for 30 seconds

annealing at 59C for 1 minute, and elongation at 72C for 1 minute. A final extension for

minutes at 72C then followed. All PCR pro

Figure 5 PCR showing positive 
reactions for the gene to 
staphylococcal enterotoxin A

Primer name Oligonucleotide sequence 5’-3’ Amount 
(µM)

Target
gene

Product
(bp)

References

NUC-f AGT TCA GCA AAT GCA TCA CA 0.13

NUC-r TAG CCA AGC CTT GAC GAA CT 0.13

nuc 400 Zouharova
and
Rysanek
(2008)

SEA-f TAA GGA GGT GGT GCC TAT GG 0.06

SEA-r CAT CGA AAC CAG CCA AAG TT 0.06

sea 180 Zouharova
and
Rysanek
(2008)

SEB-f TCG CAT CAA ACT GAC AAA CG 0.75 seb 478 Zouharova
and

SEB-r GCA GGT ACT CTA TAA GTG CC 0.75 Rysanek
(2008)

SEC-f ACC AGA CCC TAT GCC AGA TG 0.46

SEC-r TCC CAT TAT CAA AGT GGT TTC C 0.46

sec 371 Zouharova
and
Rysanek
(2008)

SED-f TCA ATT CAA AAG AAA TGG CTC A 0.46

SED-r TTT TTC CGC GCT GTA TTT TT 0.46

sed 339 Zouharova
and
Rysanek
(2008)

mecA-P4 TCC AGA TTA CAA CTT CAC CAG G 0.40

mecA-P7 CCA CTT CAT ATC TTG TAA CG 0.40

mecA 162 Stegger et 
al. (2012) 

mecALGA251 TCA CCA GGT TCA AC[Y] CAA AA 0.40

mecALGA251 CCT GAA TC[W] GCT AAT AAT ATT TC 0.40

mecC 356 Stegger et 
al. (2012) 

Table 1. Primer names, sequences and concentrations of targeted genes.

Results and Discussion 

Of the initial 160 samples, 85 showed mannitol fermentation, and 52 had a positive 

reaction for Protein A. Of these samples, a total of 12 different biotypes were identified, with 

two predominant types found. These samples were then tested for enterotoxin production, 

yielding 19 total strains producing enterotoxins, including 13 producing SEA, 3 producing SEB, 

4 producing SEC, and 1 producing SED. A total of 7 samples showed active methicillin 

resistance. In the PCR reactions, 31 samples showed genetic carriage of SEA which included the 

13 producing SEA, 8 samples showed carriage of SEB which included the 3 producing SEB, 7 

showed carriage of SEC which included the 4 producing SEC, and 1 showed carriage of SED 

which was in fact the 1 sample which produced SED. For genes relating to methicillin resistance, 

8 samples showed carriage of mecA and 5 samples showed carriage of mecC, which included 5 

samples with active oxacillin resistance. All negative controls in these reactions were negative. 
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The compiled data shows a total of 31 different strains among 52 samples. Of these, 4 people 

were resampled and showed persistent carriage of S. aureus, though each carried a different 

strain when resampled. These results can be seen in Table 2.  

API
Staph RPLA MRSA

PCR-
SEA

PCR-
SEB

PCR-
SEC

PCR-
SED

PCR-
mecA 

PCR-
mecC 

Immuno 
DD-L 6736113 
SP-L 6736113 (+)
SP-R 6736112 
RT-L 6736113 (+)
RT-R 6736113 (+)
JL-L 6736153 (+) A (+)
JL-R 6736153 (+) A (+)

BBB
Mtg  
SL-R 6736113 (+) B, D (+) (+) (+)
un-L 6736053 (+)
un-R 6736053 (+)
AD-L 6736053 (+)
AD-R 6736053 (+) (+) (+)
JL-L 6736151 (+) C (+) (+)
JL-R 6736151 (+) C (+) (+)
ACL-L 6736111 (+) C (+) (+)
ACL-R 6736161 (+) C (+) (+) (+)
LM-L 6736153 (+) (+)
LM-R 6736153 (+) (+)
MK-R 6736153 (+)
GR-L 6736153 (+) A (+) (+)
GR-R 6736153 (+) A (+) (+) (+) (+)

Gen
Micro
Fall   
ACL-L 6736153 (+)
ACL-R 6736153 (+)
GM-L 6736113 (+) A (+)
GM-R 6736113 (+) A (+)
JM-L 6736113 (+) A (+)
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Table 2. Results of all tests performed on Staphylococcus	aureus samples in this study

 These results match previous studies with regards to the percentage of people 
which carry S. aureus (Frank et. al. 2010), with the percentage of people carrying 
S. aureus in this study totaling 32.5%. Additionally, studies concerning enterotoxin 
production and prevalence of staphylococcal enterotoxin A have been matched (Argu-
din et. al. 2010), along with the detection rates when using RPLA and PCR methods 
(Zouharova and Rysanek, 2008). In regards to the inconsistencies with the methicillin 
resistance genes, a study showed that samples which are borderline resistant may be 
resistant through other methods which do not include mecA or mecC, such as modified 
or overproduction of penicillin binding proteins (Chambers, 1997). What is noteworthy 
about the results of this study is it preliminarily shows the importance of the sampling 

JM-R 6736113 (+) A (+)
TML-L 6726113 (+)
TML-R 6726113 (+)
RT-L 6736113 (+) A (+)
RT-R 6736113 (+)
K-R 6736153 (+) B (+) (+)

Patho 
BH-L 6736153 
BH-R 6736153 (+) (+)
LM-L 6726113 (+) (+) (+)
KM-L 6736153 (+) A (+) (+) (+)
KM-R 6716113 (+)
A-L 6736053 (+)
A-R 6736153 (+)
JG-L 6736153 
JG-R 6736153 

Gen
Micro
Summer   
An-L 6734152 (+) A (+)
An-R 6734152 (+) A (+)
Ad-L 6736113 (+) A,B (+) (+)
D-L 6336013 
D-R 6336113 
M-R 6736113 (+)
L-L 6736153 (+) (+)
L-R 6736113 (+) (+)
MS-R 6736113 (+)
B-L 6736113 
B-R 6736113 
Table 2. Results of all tests performed on Staphylococcus aureus samples in this study 

 These results match previous studies with regards to the percentage of people which 

carry S. aureus (Frank et. al. 2010), with the percentage of people carrying S. aureus in this study 

totaling 32.5%. Additionally, studies concerning enterotoxin production and prevalence of 

staphylococcal enterotoxin A have been matched (Argudin et. al. 2010), along with the detection 
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method. First of all the use of multiple tests to detect strain diversity was successful in 
showing that nearly sixty percent of the samples contained different strains. Depend-
ing upon one test to detect diversity would underestimate the diversity. For example a 
binomial exact test was performed on the results of the API Staph test, with it showing 
statistically that it was very likely that one person can carry the same biotype (not the 
same strain) in their left and right nares. However a mixed effects logistic regression 
test that was performed on the results of the RPLA at a confidence interval of 95% 
with a P value of 0.05, showed that a person was 64.3% likely to carry an enterotoxin 
producing strain in their right nare, but only 35.7% likely to carry an enterotoxin pro-
ducing strain in their left nare. These statistics collectively demonstrate that although a 
single person may carry the same biotype in both nostrils, they will not necessarily be 
carrying the same strain since they could differ in production of enterotoxins, and/or 
carriage of enterotoxin genes. When this logic is expanded to include all of the strain 
differentiating characteristics tested in the study the implications of this study become 
quite significant, as it demonstrates a single person often does not carry the same strain 
in both nares. Consequently, this should be accounted for when sampling in both a 
hospital and research setting. My results lend support for sampling both nostrils. This 
produces a more comprehensive and reliable sample which could prevent inconsistent 
or skewed data and thereby improving the reliability of epidemiological studies.
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On Delay Variation for Internet Multimedia
 
Stephen	Pena	and	Lopamudra	Roychoudhuri,	PhD

Abstract

 Internet audio and video, real-time or streaming, are highly sensitive to delay vari-
ation. Our research investigates the variation of delay that exists on the Internet today 
that would adversely affect multimedia communication. To collect real-world data on 
delay variation, we have run senders and receivers on nodes of PlanetLab, a global re-
search network, for six weeks in the recent past. In this paper we present findings from 
the datasets that we have gathered so far.

*****

Introduction

 Even though it seems a continuous stream, all data over the Internet is sent in 
the form of a series of individual packets. The Internet is known to be a best 
effort service, providing no guarantee that the packets will be delivered reli-

ably, in order, or on time.  In the face of that TCP (Transmission Control Protocol) (In-
stitute, 1981), one of the main transport protocols on the Internet, provides mechanism 
for reliability and order. But a majority of highly popular applications, such as games 
and multimedia, use UDP (User Datagram Protocol) (Postel, 1980) as the underlying 
transport protocol. Most of these dynamic applications are highly sensitive to delay 
variation. Unlike TCP, UDP does not provide any guarantee of reliability.
 This project investigated the variation of delay that exists on the Internet today and 
affects the mentioned applications adversely. It will be nothing better if multimedia 
experiments can be run on the real Internet and real-world trace data can be collected 
for analysis. The experiments were conducted on machines connected to PlanetLab 
(PlanetLab), a global research network that consists of 1160 nodes at 547 sites all over 
the world. These observations were then analyzed using various statistical measures.  
We investigated the existence of patterns in the round trip times (RTTs) of Internet 
packets sent to various geographical locations around the world. We deployed receiver 
programs to these locations, and used one site, in Texas, as our designated sending 
location. We then used a sender program to send audio files to the other sites, which 
then echoed audio files back to the sender. We used scripts to gather the sending and 
receiving times and then calculated the RTT. We performed various methods of statisti-
cal measure and extrapolated the respective delay variations for further analysis. We 
found that delay variation was overwhelmingly random and unpredictable in nature. 
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Related Work

 There has been research on Internet measurement in this area, such as site-to-site 
network speeds and packet loss between nodes (Wang, Huang, & Ross, 2009) (Roy-
choudhuri, Al-Shaer, & Brewster, 2006), but these are far from current. The Internet, 
on the other hand is a highly dynamic environment with its infrastructure constantly 
expanding and improving. This makes our work relevant and valuable.

Methodology

 Sender and receiver programs were implemented using socket programming in C. 
The sender program was placed at Rice University in Texas. Table 1 lists the selected 
sites, as well as their geographic locations.
 The sender transmitted data packets from audio clips, with the receivers saving 
and echoing the data back to the sender. The experiments were run with large packets 
of size 1280 bytes, as well as small packets of size 128 bytes, which are similar to the 
packet sizes observed in a Skype packet capture. The data collected include one-way-
delay (time between sent and received) and RTT (Round Trip Time - the time between 
sent and echoed back) for each packet.

Table 1: List of chosen sites and their locations

Figure 1: US and European Sites: Comparison of Standard Deviation

United States Sites International Sites 
Princeton, New Jersey 
Virginia Tech, Virginia 
University of South Florida, Florida 
University of Massachusetts Lowell, Massachusetts 

Technische Universitat, Berlin, Germany 
Ecole Polytechnique Federale de Lausanne, 
Lausanne, Switzerland 
University of Warsaw, Warsaw, Poland 
Jozef Stefan, Ljubljana, Slovenia 
Chongqing University, Chongqing, China 

Table 1: List of chosen sites and their locations 

Figure 1a: United States Figure 1b: Europe 

US  Europe 

Figure 1: US and European Sites: Comparison of Standard Deviation 

Results

 Both US sites and Europe sites show similar strong modal right-skewed 
distributions. We measured mean and standard deviation (stdDev) for each data set. 
Figure 1 compares the distribution of the RTTs that were recorded for all US and 
European sites. The histograms of both US and Europe sites show strong modes at low 
standard deviations. Geographic distance does not seem to be a distinguishing factor.

 The distribution of delay variation can be generally identified as uniform, but the 
degree of outliers has been highly variable. Outliers were identified as data that 
exceeded mean + 3*stdDev. Some sites, US as well as international, have exhibited 
considerably more outliers than others. Figure 2 shows the outlier percentages for the 
University of South Florida, Warsaw University, and Chongqing University, respectively. 
The outlier percentages were strikingly similar, which supports the idea that the number 
of outliers is governed by randomness, rather than being predicated upon geographic 
distance. 

United States Sites International Sites 
Princeton, New Jersey 
Virginia Tech, Virginia 
University of South Florida, Florida 
University of Massachusetts Lowell, Massachusetts 

Technische Universitat, Berlin, Germany 
Ecole Polytechnique Federale de Lausanne, 
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Chongqing University, Chongqing, China 
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Figure 1: US and European Sites: Comparison of Standard Deviation 

Results

 Both US sites and Europe sites show similar strong modal right-skewed 
distributions. We measured mean and standard deviation (stdDev) for each data set. 
Figure 1 compares the distribution of the RTTs that were recorded for all US and 
European sites. The histograms of both US and Europe sites show strong modes at low 
standard deviations. Geographic distance does not seem to be a distinguishing factor.

 The distribution of delay variation can be generally identified as uniform, but the 
degree of outliers has been highly variable. Outliers were identified as data that 
exceeded mean + 3*stdDev. Some sites, US as well as international, have exhibited 
considerably more outliers than others. Figure 2 shows the outlier percentages for the 
University of South Florida, Warsaw University, and Chongqing University, respectively. 
The outlier percentages were strikingly similar, which supports the idea that the number 
of outliers is governed by randomness, rather than being predicated upon geographic 
distance. 
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Results

• Both US sites and Europe sites show similar strong modal right-skewed distributions. 
We measured mean and standard deviation (stdDev) for each data set. Figure 1 com-
pares the distribution of the RTTs that were recorded for all US and European sites. 
The histograms of both US and Europe sites show strong modes at low standard devia-
tions. Geographic	distance	does	not	seem	to	be	a	distinguishing	factor.

• The distribution of delay variation can be generally identified as uniform, but the de-
gree of outliers has been highly variable. Outliers were identified as data that exceeded 
mean +	3*stdDev. Some sites, US as well as international, have exhibited considerably 
more outliers than others. Figure 2 shows the outlier percentages for the University of 
South Florida, Warsaw University, and Chongqing University, respectively. The outlier 
percentages were strikingly similar, which supports the idea that the number of outliers 
is governed by randomness, rather than being predicated upon geographic distance.
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Figure 2: Comparison of Outlier Percentages for three Sites

Figure 2a 

Figure 2b 

Figure 2c 
Figure 2: Comparison of Outlier Percentages for three Sites 

US site 

Outlier %age: 1.72% 

Europe Site 

Outlier %age: 1.25% 

Asia Site 

Outlier %age: 2.44%
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Table 2: Comparison of Outlier Percentages between the US and Europe

Figure 3: Comparison between two runs at Univ. of Mass. Lowell

• Outlier percentages do not appear to be correlated with distance. Outlier per-
centage distributions were considerably similar between US sites and Europe sites, 
with Europe showing slightly higher values. The values used for comparison of outlier 
percentage between the US and Europe are displayed in Table 2. Geographic	distance	
does	not	seem	to	be	a	distinguishing	factor.

• Variations within the same site: different runs at the same receiver site have 
displayed widely different patterns of variation. Considerably different patterns of 
outliers have been observed at the same site, even though the paths shown in traceroute 
have been more or less the same. In Figure 3, two runs on two different days for Univ. 
of Mass. Lowell are displayed, showing considerably different outlier percentages. 
Thus	outlier	patterns	do	not	seem	to	be	correlated	to	site	locations	or	paths. 

• Packet size makes a difference. Experiments run with large packets have shown 
considerably lower percentage of outliers and lower standard deviations. Table 3 shows 
the average stdDev for a US site, a Europe site, and an Asian site. In each instance, the 
stdDev is lower for larger packet sizes than for smaller sizes. These findings suggest 
that, in general, larger packets have less delay variation than smaller packets. Consider-
ing that video data is typically sent with larger packet sizes than its audio counterparts, 
the data suggest that audio data could be more susceptible to quality degradation due 

Outlier %Site
Group Minimum Maximum Mean StdDev 

US 0.024 2.76 0.878 0.795 
Europe 0.039 2.44 0.899 0.899 
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outliers have been observed at the same site, even though the paths shown in traceroute 
have been more or less the same. In Figure 3, two runs on two different days for Univ. of 
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 Outlier percentages do not appear to be correlated with distance. Outlier percentage 
distributions were considerably similar between US sites and Europe sites, with Europe 
showing slightly higher values. The values used for comparison of outlier percentage 
between the US and Europe are displayed in Table 2. Geographic distance does not seem 
to be a distinguishing factor.

 Variations within the same site: different runs at the same receiver site have 
displayed widely different patterns of variation. Considerably different patterns of 
outliers have been observed at the same site, even though the paths shown in traceroute 
have been more or less the same. In Figure 3, two runs on two different days for Univ. of 
Mass. Lowell are displayed, showing considerably different outlier percentages. Thus 
outlier patterns do not seem to be correlated to site locations or paths.

 Packet size makes a difference. Experiments run with large packets have shown 
considerably lower percentage of outliers and lower standard deviations. Table 3 shows 
the average stdDev for a US site, a Europe site, and an Asian site. In each instance, the 
stdDev is lower for larger packet sizes than for smaller sizes. These findings suggest that, 
in general, larger packets have less delay variation than smaller packets. Considering that 
video data is typically sent with larger packet sizes than its audio counterparts, the data 
suggest that audio data could be more susceptible to quality degradation due to delay 
variation than video data.
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to delay variation than video data. 

Table 3: Comparison of stdDev of delay variation for three sites with large packet

Conclusions and Future Work

 Our experiments so far show results that are novel and unintuitive. We will con-
tinue running these experiments with existing sites and new sites from other parts of 
the world. We will also continue to analyze data in order to observe more patterns and 
reach conclusions regarding the effects of delay variation on multimedia quality.
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Site Mean stdDev  -Small 
Packet Size

Mean stdDev  – Large 
Packet Size

Virginia Tech, US 0.015 0.003 
Berlin, Europe 0.008 0.003 
China, Asia 0.020 0.016 

Table 3: Comparison of stdDev of delay variation for three sites with large packet 
sizes

Conclusions and Future Work 
Our experiments so far show results that are novel and unintuitive. We will continue 

running these experiments with existing sites and new sites from other parts of the world. We 
will also continue to analyze data in order to observe more patterns and reach conclusions 
regarding the effects of delay variation on multimedia quality. 
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Using Fibonacci Cycles Modulo 𝑝 to Represent Finite Fields 1 
 
Caitlyn	Conaway,	Jeremy	Porché,	Jack	Rebrovich,	Shelby	Robertson,	
and	Trey	Smith,	PhD

Abstract

 Finite Fields can be represented in various ways. Generally, they are most 
easily understood when represented as matrices. This representation poses 
serious computational issues when considering the multiplicative operation. 

Several methods have been devised to deal with the problem. Holger Schellwat pre-
sented a simpler slide rule, and William Wardlaw circumvented the problem of dealing 
with vectors by modeling finite fields using square matrices.

 Finite fields are deceptively complex objects. Since any finite field can be viewed 
as a vector space over another (smaller) finite field and all have a characteristic which 
must be prime, all finite fields have order (size) 𝑝 𝑛 where 𝑝  is a prime number and 𝑛 is 
a positive integer. Additionally, for any 𝑝  and 𝑛 as above, there is a finite field of order 
𝑝 𝑛 [4]. Although, it is somewhat easy to prove facts regarding finite fields, great dif-
ficulty arises in the actual representation and manipulation of these objects. Defining 
the multiplicative operation on these fields is extremely challenging. Here we describe 
a method for obtaining a new representation of finite fields that has the additional 
benefit of making the multiplicative operation somewhat transparent. Additional con-
sequences include answering some classic questions regarding the length of Fibonacci-
like cycles of a certain type. To see the various results on this topic, see (for example) 
Catlan [1], Vella and Vella [6], and Freyd and Brown [3]. Before getting started, it is 
important to note that we will be using the phrase “Fibonacci sequence” to describe 
sequences that are not, strictly speaking, the sequences that Fibonacci originally had in 
mind. In particular, we will be allowed to multiply terms of the sequence before adding 
them together. Technically, these are known as recursively defined additive sequences. 
Our convention will to be to refer to them as Fibonacci sequences.

 Definition 1. Let (𝐺,+) be an abelian group. Define ⋅ as another binary operation on G. 
Then (𝐺,+,⋅) is a ring if and only if ⋅ is associative and left and right distributive over +.

 Definition 2. If there is a two-sided ⋅ identity, we say that (𝐺,+,⋅) is ring with unity. 

 Definition 3. A finite field is a field that contains a finite number of elements, is a 
commutative ring with unity, and has the additional property that if 𝑎•𝑏=0 then 𝑎=0 or 
𝑏=0. 

1 This Project received funding as part of an ASU Faculty Mentored Grant.
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 Definition 4. Given a finite field F, we define G(F) to be the group that is obtained 
by removing 0 from the set, and considering the remaining elements as a group with 
the operation • .

 In many texts G(F) is referred to as the multiplicative group or Galois group.

 Theorem 1. The multiplicative group G(F) associated to a finite field F is cyclic.
This proof follows from an easily proven fact that any polynomial of degree n has at 
most n roots in the finite field F. For a more thorough explanation, see Herstein [4] or 
any reasonable text in abstract algebra.

 Definition 5. A polynomial f of degree n is said to be primitive irreducible if its 
roots can be used to generate the entire multiplicative group for a finite field F.

 The motivation for definition 2 comes from fact that the G(F) is cyclic, so there 
is a generator for this group. It is reasonably easy to show that this generator may be 
obtained by first finding a primitive irreducible polynomial and then letting the object 
a represent one of the roots. Here it is important to note that the other elements of G(F)	
become extremely complicated, as they are constructed using the original polynomial 
and the element 𝑎. For example, one method of constructing fields of greater size is to 
fix a prime 𝑝  and consider the basic field [𝑝 ] which is the field of integers modulo the 
prime 𝑝 . This field is easy to handle since multiplication and addition work in exactly 
the way expected modulo 𝑝 . To then extend this to a field containing 𝑝 𝑛 many elements, 
one need only find a primitive irreducible polynomial over [𝑝 ] and use a root for that 
polynomial to generate the entire field. The root will not be an element of [𝑝 ] but it will 
suffice to generate the entire field F of order 𝑝 𝑛. For example, suppose we wish to con-
struct a finite field of order 8 = 23. To find the seven elements which make up G(F), we 
start with the polynomial 𝑥3+𝑥+1, which is primitive irreducible over the field of order 
2. Let a be a root for this polynomial, then 𝑎3+𝑎+1=0. Since this field has characteristic 
2, it is reasonably easy to see that

𝑎3 = 𝑎+1, 
𝑎4 = 𝑎•𝑎3 = 𝑎•(𝑎+1) = 𝑎2+𝑎, 
𝑎5 = 𝑎•𝑎4 = 𝑎•(𝑎2+𝑎) = 𝑎3+𝑎2 = 𝑎2+𝑎+1, 
𝑎6 = 𝑎3•𝑎3 = (𝑎+1)•(𝑎+1) = 𝑎2+2𝑎+1 = 𝑎2+1 (recall, 2𝑎 = 0), 
𝑎7 = 𝑎•𝑎6 = 𝑎•(𝑎2+1) = 𝑎3+𝑎 = 𝑎+1+𝑎 = 2𝑎+1 = 1.

 So this finite field can be represented by {0,1,𝑎,𝑎2,𝑎+1,𝑎2+𝑎, 𝑎2+𝑎+1, 𝑎2+1}. 

 Although this representation is adequate, it is cumbersome. The water becomes 
murkier when dealing with even greater sized finite fields. 
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 A better approach is to use the work done by Wardlaw [7] to first represent a field 
F of order 𝑝 𝑛 using 𝑛×𝑛 matrices with entries which come from the field of integers 
modulo 𝑝 . If the matrices have a particular form, then they may be used to generate a 
recursively defined sequence. Such a sequence may be immediately used to represent 
the finite field. In this case, both the multiplication and addition are obvious, but the 
objects are a bit ungainly. So the final distillation will come by extracting pieces of the 
sequence as vectors, and then using the sequence itself to describe the multiplication 
by creating a slide rule for that operation. The notion of such a slide rule is not new to 
this paper; see the work of Schellwat [5]. However, it is much easier to obtain the slide 
rule using this approach. The following will explain in detail how such a representation 
may be obtained. We will restrict our attention to Fibonacci-like sequences (that is, 
the cases where 𝑛=2) but all of the material may be easily applied to other recursively 
defined sequences, and a few comments will be made to emphasize this point.

 To understand the approach, one must first be acquainted with the idea of the char-
acteristic matrix associated to a particular polynomial. The idea is that to each polyno-
mial of degree 𝑛, there is an 𝑛×𝑛 matrix (many, actually) that satisfy that polynomial. 
In other words, when that matrix is plugged into the polynomial, the result is the 𝑛×𝑛 
zero matrix. For a more detailed description, see Finkbeiner [2].

 Definition 6. A 2×2 matrix is said to be a Canonical Fibonacci Matrix (CFM) if it 
is the characteristic matrix for a primitive irreducible quadratic equation over a field F 
of order 𝑝 𝑛, and it is of the form            where 𝑎 and 𝑏 are elements of [𝑝 ]. 

 Note: This definition can be extended to a 𝑛𝑛×𝑛𝑛 matrix for any 𝑛𝑛. In this case, 
the CFM would be of the form  

may be obtained. We will restrict our attention to Fibonacci-like sequences (that is, the cases 

where =2) but all of the material may be easily applied to other recursively defined sequences, 

and a few comments will be made to emphasize this point. 
 
To understand the approach, one must first be acquainted with the idea of the characteristic 

matrix associated to a particular polynomial. The idea is that to each polynomial of degree , 
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Theorem 2. Suppose 2+ +  is a primitive irreducible polynomial. Then is a CFM. 

Proof.
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Theorem 2. Suppose 2+ +  is a primitive irreducible polynomial. Then is a CFM. 
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 Theorem 2. Suppose 𝑥2+𝑐x+𝑑 is a primitive irreducible polynomial. Then is a 
CFM.
Proof.

Note: This definition can be extended to a ×  matrix for any . In this case, the CFM 

would be of the form  

Theorem 2. Suppose 2+ +  is a primitive irreducible polynomial. Then is a CFM. 

Proof.

 

 

 

Since we have returned to our starting point, we may assume that the pattern simply repeats 
itself. Now, gluing this together, the following sequence is obtained: 

0, 1, 1, 2, 0, 2, 2, 1, 0, 1, 1, 2, 0, 2, 2, 1, … 

Then the finite field of order 9 can be represented using the following nine sequences: 

0 = 0, 0, 0, 0, 0, … 

= 0, 0, 1, 1, 2, 0, 2, 2, 1, 0, 1, … 

2= 1, 1, 2, 0, 2, 2, 1, 0, 1, 0, … 
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 Since we have returned to our starting point, we may assume that the pattern  
simply repeats itself. Now, gluing this together, the following sequence is obtained:
0, 1, 1, 2, 0, 2, 2, 1, 0, 1, 1, 2, 0, 2, 2, 1, …

 Then the finite field of order 9 can be represented using the following nine  
sequences:
0 = 0, 0, 0, 0, 0, …
𝑎= 0, 0, 1, 1, 2, 0, 2, 2, 1, 0, 1, …
𝑎2= 1, 1, 2, 0, 2, 2, 1, 0, 1, 0, …
𝑎3= 1, 2, 0, 2, 2, 1, 0, 1, 0, 1, …
Etc. 

 Evidently, the elements of the field are obtained by merely shifting the starting 
point of the original sequence. To simplify the representative notation, one may repre-
sent the individual sequence elements using a vector containing the first two terms of 
the sequence, since 𝑛=2. The dimensions of the vector change with different values of 
𝑛𝑛. For example, 𝑎3 = 1, 2, 0, 2, 2, 1, 0, 1, 0, 1, … would be abbreviated 𝑎3= [1 2].

 Theorem 3. The Fibonacci cycles generated using the CFM will be of maximal length.
Proof.
 Let 𝑀 be a CFM for this field, and let 𝑎 = [0 1]. Then 𝑎2=𝑎𝑀, 𝑎3=𝑎𝑀𝑀 =𝑎 𝑀2, and 
in general, for any integer 𝑘, 𝑎𝑘 = 𝑎𝑀𝑘−1. If the Fibonacci cycle were not of maximal 
length, then there is some 𝑛 less than the order of G(F) so that 𝑎𝑛 = 𝑎. That says that 
𝑎= 𝑎𝑀𝑛−1 which, in turn, tells us that 𝑀𝑛−1 is the identity matrix. Thus, the CFM does 
not generate the entire multiplicative group. This contradicts the fact that the CFM was 
a root to a primitive irreducible polynomial, and so it must generate the entire group. 
Therefore, the Fibonacci cycle must be of maximal length.

 Addition between elements in the field works like basic vector addition, as expected. 
A simple example using a finite field of order 9: [2 2]+[1 1]=[3 3](𝑚od 3)≡[0 0]. 

 The multiplication as stated earlier, is more difficult to achieve. An approach to 
multiplication may be taken directly from the cycles themselves. This approach oper-
ates in the manner of a slide rule. Suppose, you wish to multiply [1  2] and [2  2]. You 
will use two copies of the extended Fibonacci cycles to do this. The second copy will 
slide beneath the first in order to perform the multiplication. That is, locate the first 
vector to be multiplied and begin the second cycle directly beneath the second term of 
that first vector. Locate the second vector on the second cycle. The product will be the 
vector directly above the second vector. The figure below will illustrate this procedure.

So, evidently, [1 2]×[2 2]=[0 1].

that ��−1 is the identity matrix. Thus, the CFM does not generate the entire multiplicative group. 

This contradicts the fact that the CFM was a root to a primitive irreducible polynomial, and so it 
must generate the entire group. Therefore, the Fibonacci cycle must be of maximal length. 
 
Addition between elements in the field works like basic vector addition, as expected. A simple 

example using a finite field of order 9: �� ����� ����� ����od ����� ���  

 

The multiplication as stated earlier, is more difficult to achieve. An approach to multiplication 
may be taken directly from the cycles themselves. This approach operates in the manner of a 
slide rule. Suppose, you wish to multiply [1  2] and [2  2]. You will use two copies of the 
extended Fibonacci cycles to do this. The second copy will slide beneath the first in order to 
perform the multiplication. That is, locate the first vector to be multiplied and begin the second 
cycle directly beneath the second term of that first vector. Locate the second vector on the 
second cycle. The product will be the vector directly above the second vector. The figure below 
will illustrate this procedure. 
 

Cycle 1: 0 1 [1 2] 0 2 2 1 [0 1] 1 2 0 2 2 … 
Cycle 2:    0 1 1 2 0 [2 2] 1 0 1 1 2 … 

 

So, evidently, [1 2]×[2 2]=[0 1]. 

A simpler method can be found as a consequence of our research to multiply elements between 

one another in the field. As above, using a finite field of order 9  (� �  �  and � �  �)  can be 

reassigned using the abbreviated sequence: 

0 = [0 0] 
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 A simpler method can be found as a consequence of our research to multiply ele-
ments between one another in the field. As above, using a finite field of order 9 (𝑝  = 3 
and 𝑛 = 2) can be reassigned using the abbreviated sequence:
0 = [0 0]
𝑎1 = [0 1] 
𝑎2 = [1 1] 
𝑎3 = [1 2] 
𝑎4 = [2 0] 
𝑎5 = [0 2] 
𝑎6 = [2 2] 
𝑎7 = [2 1] 
𝑎8 = [1 0] ≡ 𝑎0.

 Note:	For commutative multiplication to be closed, we perform modular arithmetic 
by the maximal length order minus one. In this case, modulo 8. 

 By assigning the elements of the finite field with a new exponential notation, mul-
tiplication now can be performed using algebraic methods. For example, [1 2] × [2 2] 
= 𝑎3𝑎6  = 𝑎9(𝑚od 8) ≡ 𝑎1 = [0 1]. From this, we confirm this method will give the same 
results as the slide rule above.’
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“A Careful Negligence”: George Herbert and the Plain Style
 
Jordan	Gray	and	Mark	Jackson,	PhD

Abstract

 My research project explores the plain style of writing and its paradoxical nature 
in the classical rhetorical tradition through its influence on George Herbert, a Christian 
devotional poet, who attempts to use such a style to praise God through his poetry. 
The relevant teachings of Aristotle, Cicero, and Demetrius as well as the writings of 
two later rhetoricians, Puttenham and Wilson, assist in defining the term “plain style” 
and what it means for Herbert as a poet trying to praise God. However, St. Augustine 
and his views on language intended for Christian purposes seems to most pervasively 
influence Herbert’s poetry. Through Herbert’s inward focus and denial of outward elo-
quence, the poet follows the tradition of the plain style while also crafting his own 
highly individualized version. In particular, I analyze Herbert’s stance towards his own 
poetry by applying the contemporary scholarship (among others) of Richard Strier, 
Stanley Fish, Leah Marcus, and Frank Manley. Taking a more personal, introspective 
look, I also delve into how Herbert views the benefits and downfalls of language in re-
lationship to his hidden intentions as a Christian devotional poet. I have narrowed this 
analysis to three metapoems, “A True Hymn,” “The Forerunners,” and “Jordan (I),” to 
explore Herbert’s conflicting feelings toward language and to demonstrate where his 
positive perspective of poetry as his soul’s inward praise of God challenges his human 
deficiencies to communicate that praise as a poet. 

*****

Introduction

 George Herbert, an early modern devotional poet, brilliantly crafts his reli-
gious poetry with a colloquial, plain style that reflects his view on what his 
poetry should do, a view deeply rooted in his two identities as “Orator,” 

governed by a classical rhetorical tradition, and as Christian “Poet,” presided over by 
God and influenced by the demands of his art. In his poetry, Herbert humbly embrac-
es—or, at times, attempts to embrace— the plain style as his only appropriate means 
of expression because of the holy, reverent nature of his subject matter. Herbert’s po-
etry transcends the pagan classical rhetorical tradition through its intention to not only 
please men but also God, and God foremost, as Herbert proclaims in “The Forerun-
ners”: “If	I	please	him, I write fine and witty” (12). Seeking to satisfy God, Herbert 
strives to make his words reflect the sincerity of his heart, whether it be an oration or a 
poem. By uniting the orator’s skills with the Christian’s purpose to praise, St. Augus-
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tine, a seemingly influential figure for Herbert’s poetry, transforms pagan rhetoric so 
that it may serve spiritual ends. Augustine emphasizes the verbum	cordis or “language 
of the heart,” explaining the source from which all words should flow (3.23). However, 
when Herbert seeks to present a successful offering of praise to God, the poet in him 
struggles to match the appearance of his words with the inner thoughts that create them. 
 Richard Strier, in his book Love	Known, calls for further exploration into Herbert’s 
take on the plain style. I take up Strier’s torch, so to speak, and demonstrate how the 
“resources of plain-style poetry” may uphold or hinder Herbert’s objectives as a Chris-
tian poet (Strier 253). Arguably, the most fascinating points of tension in Herbert’s 
poetry arise from the friction between his two identities or influences as pagan orator 
and Christian poet. I argue that his perspective towards language exemplified in “A 
True Hymn,” “The Forerunners,” and “Jordan (I)” reveals a dichotomy of desires: the 
struggle to satisfy his God through worship as a Christian and the natural pull to pro-
duce successful and pleasing poetry as a poet. 

The Plain Style

 Herbert served many years of his life as the “late Oratour of the Universitie of 
Cambridge,” a distinguished office that testifies to the well-trained and recognized skill 
of Herbert as an orator (Hutchinson 4). Joseph H. Summers praises Herbert’s superior 
abilities by stating that his position as orator served as “general recognition that in an 
age and university of classicists Herbert’s knowledge and practice were among the 
best” (32). As an orator, George Herbert was ever-involved in the business of words. In 
the classical rhetorical tradition, speakers would often turn to the high style of rhetoric 
in order to craft speeches that were primarily focused on eliciting a certain emotion, 
rather than conveying a specific truth. These orators who employed at their leisure all 
the stylistic devices available to them did so with the purpose to move their audience. 
In order to stir the audience’s emotions, such orators embraced the high style of rheto-
ric not for clarity’s sake, but for passion’s sake. The high style was usually associated 
with political or social agendas, but not necessarily topics that needed to be transpar-
ently communicated.
 Wesley Trimpi explains the difference between strictly communicating and per-
suading in his book Ben	Jonson’s	Poems:	A	Study	of	the	Plain	Style, stating that it is 
a “conflict between dialectic and rhetoric” or the “split between meaning and expres-
sion” (61). With regard to rhetoric, almost every classical writer in any common rhe-
torical manual views teaching and persuading as separate purposes of writing. Cicero, 
a classical orator, blames Socrates for the separation:

 This is the source from which has sprung the undoubtedly absurd and unprofitable  
 and reprehensible severance between the tongue and the brain, leading to our  
 having one set of professors to teach us to think and another to teach us to speak.  
 (De	Oratore 49; III. xvi) 
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 The influential distinction that Socrates makes here “between the tongue and the 
brain” implies that spoken eloquence does not necessarily follow intelligent (or, for 
Herbert, holy) thought. The significance of Socrates’s separation is his acknowledge-
ment that one thought can be communicated in a variety of ways, but for Herbert, it 
seems that the method of choice can drastically affect the nature of the thought itself. 
 In De	Oratore, or An	Ideal	Orator, Cicero criticizes a style more preoccupied with 
“expression” than “meaning,” by stating that the ideal orator “should also avoid, so 
to speak, cementing his words together too smoothly, for the hiatus and the clash of 
vowels has something agreeable about it and shows a not unpleasant carelessness on 
the part of a man who is paying more attention to thought than to words” (77-78; III.
xvi). The high style is not condemned based on its lack of attractiveness to its listen-
ers, but he seems to view its luxurious smoothness as evidence of a misplaced focus. 
Even while such language may be persuasive in its pleasantness, it reveals a “careless-
ness” based on its preoccupation with words rather than with the actual thoughts being 
communicated. This misplaced focus or preoccupation with words exemplifies one of 
Herbert’s greatest anxieties as a Christian poet.
 According to Cicero, the high style is not necessarily bad, but it signifies too much 
of a good thing. He sees it as excessive, which leads him to praise the plain style for its 
frugality:

 Propriety will always be the chief aim. Only one quality will be lacking, which  
 Theophrastus mentions fourth among the qualities of style—the charm and  
 richness of figurative ornament…He will be modest in his use of what may be  
 called the orator’s stock-in-trade. For we do have after a fashion a stock-in-trade,  
 in stylistic embellishments, partly in thought and partly in words. (79-80; III.xvi)

 The way Cicero defines the high style as ornamented with “charm” and “richness” 
reveals its superficiality. “Figurative ornament” or “stylistic embellishments” are ac-
cessories or add-ons that are not necessary to the original thought. Thus, the plain style 
seeks to reject such frivolity in order to exhibit “propriety” and “modesty,” not dis-
counting the power of words but paying due attention to the thoughts that create them. 
And with this intentional focus of the plain style, it is believed that the orator could 
most truthfully and most candidly communicate heartfelt emotions. Thomas Wilson in 
his rhetorical manual The	Art	of	Rhetoric (1560) discusses the importance of commu-
nication: 

 For what man can be delighted, or yet be persuaded with the only hearing of those  
 things, which he knoweth not what they mean. The tongue is ordained to express  
 the mind, that one may understand another’s meaning: now what availeth to speak,  
 when none can tell what the speaker meaneth? (177; I.i)
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 Wilson makes clear that rhetoric’s ultimate aim should be to instill within the audi-
ence a clear understanding of what has been said. While the high style embellishes its 
ideas with an eloquence that may cloud the audience’s understanding, the plain style’s 
rejection of figurative ornament seems to allow the orator to convey his own thoughts 
and feelings with greater ease.
 Cicero’s point follows that of the Athenian orator Demetrius’s On	Style, which re-
jects the elaborate style and praises a more natural method: “Above all, the style should 
be lucid” (191). Trimpi paraphrases Demetrius, stating that such “lucidity is achieved 
by avoiding extreme disjunction within a period, ambiguity, excessive terseness, which 
‘may give pleasure but…fails in clearness,’ amplification, long members or clauses, 
and peculiar figures, ‘since all eccentricity is unfamiliar and extraordinary’; the natural 
order of words should be followed” (Trimpi 8). Thus, both Cicero and Demetrius ac-
knowledge the pleasure that the high style may give, but Demetrius elevates the plain 
style on behalf of its appropriateness. The word “natural” implies instinctive language 
or impulsive words that flow artlessly from the mouth of the speaker. While “natural” 
and “lucid” may characterize the plain style with an earthy coarseness, the first-century 
Roman philosopher Seneca infuses it with strong feeling and a divine purpose:

 Let us say what we feel, and feel what we say; let speech harmonize with life…Our  
 words should aim not to please, but to help…[Eloquence] and other arts are wholly
 concerned with cleverness; but our business here is the soul. (Ep. lxxv.1-6).

 Seneca defines the plain style here as an emotionally charged experience which 
should “harmonize with life.” Thus, naturalness is invigorated with the speaker’s own 
emotion, communicating the speaker’s raw vulnerability. For Seneca as well as Deme-
trius, there is no need for stylistic tricks in order to be impassioned. When talking about 
his letters, Seneca states, “I should like to convince you entirely of this one fact, that 
I feel whatever I say, that I not only feel it, but am wedded to it” (Ep. lxxv.6). In this 
way, Seneca views language as not only an expression of his passionate feelings, but 
as his own wife. The intimacy of marriage applied to the relationship of language to its 
author demonstrates the importance of the author’s chosen method of communicating. 
The way in which an author (or poet) expresses his thoughts through words reflects 
positively or negatively on his character in the same way a wife was thought to be a 
reflection of her husband’s character. Herbert appears to construct his poems with this 
serious matrimonial bond to his words in mind.
 Turning from the plain style isolated within the rhetorical tradition, George Put-
tenham in The	Art	of	English	Poesy (1589) traces the history of poetry and discusses 
its connection to the classical tradition of rhetoric: “the poets were…from the begin-
ning the best persuaders and their eloquence the first rhetoric of the world” (1.4.98). 
Puttenham defines the plain style in relationship to poetry by saying that it is “most 
like nature herself, working by her own peculiar virtue and proper instinct and not by 
example or meditation or exercise as all other artificers do” (306). Puttenham seems to 
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take his direction from such classic authors as Demetrius and their writings in order to 
apply it to the art of poetry, which is seen here through his praise of naturalness.
 In De	Doctrina	Christiana, or On	Christian	Teaching, St. Augustine does some-
thing similar with regard to Christian rhetoric; he takes the principles of secular rheto-
ricians and refines them for holy thoughts and purposes. One of the greatest examples 
of how Augustine impacts Herbert’s approach to the plain style is his emphasis on the 
heart:

 What especially differentiates the grand style from the mixed style is that it is not  
 so much embellished with verbal ornament as inflamed by heartfelt emotion. It  
 has room for almost all those ornaments, but if they are not there, they are not  
 missed. (137)

 Here, Augustine seems to argue that, whether the orator’s words be elaborate or 
restrained, the focus of the speaker should be on his inward thoughts and feelings. This 
proper focus would create a humble, heartfelt eloquence that was self-perpetuating: 

 [Eloquence] is borne along by its own momentum, and it derives its beauty of  
 expression, if indeed this emerges, from the power of its subject-matter, and not the  
 pursuit of elegance. It is sufficiently equipped for its purpose if appropriate words  
 follow not from a search for elaborate vocabulary but from the promptings of a  
 passionate heart. (137)

 Augustine defines “eloquence” as “borne along by its own momentum,” viewing 
eloquence as an inner commitment to the “power of its subject matter” rather than an 
outward show of adornment or “expression” (137). Therefore, Augustine views lan-
guage as deriving its power from the heart.
 From Socrates, Cicero, and Demetrius to Wilson and Puttenham, the plain style 
emerges from antiquity as the most appropriate form of language for Herbert, while 
Augustine seems to highly influence Herbert’s quest for sincerity based on their shared 
audience, the Christian God. 

“A True Hymn”

 Now, Herbert’s personal application of the plain style in his poetry appears most 
prevalent in particular poems that discuss the art of poetry itself; these poems are iden-
tified as meta-poems or “anti-poems” according to Frank Manley (202). Throughout 
Herbert’s collection of poetry in The	Temple, he creates poems that effortlessly fol-
low his train of thought, recording his mental and emotional twists, turns, and self-
corrections. Herbert’s self-awareness in his poetry consistently displays the classical 
characteristic of naturalness in the plain style. Yet, in his anti-poems such as “A True 
Hymn,” “The Forerunners,” and “Jordan (I),” the hidden complexity and conscious 
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craft of Herbert’s plain style instigates a marvelous tension between expression and the 
poet’s intent. 
 “A True Hymn” demonstrates Herbert’s artistic and religious struggle of a  
Christian to convey the sincerity of his heart as well as an orator’s prerogative to ex-
press it well: 

 My joy, my life, my crown!
 My heart was meaning all the day,
 Somewhat it fain would say:
 And still it runneth mutt’ring up and down
 With onely this, My	joy,	my	life,	my	crown. (1-5)

 The words, “My joy, my life, my crown,” appear to express Herbert’s verbum	cor-
dis, the language of his heart. If these words originate from his heart (which they ap-
pear to do), they should satisfy Herbert as a Christian who desires to be sincere before 
his perfect God. However, Herbert does not seem completely satisfied, as evident in 
his frustration as a poet when he says “My heart was meaning all the day / Somewhat it 
fain would say.” Even while Herbert’s names for God plainly speak to the inspiration of 
his heart, he describes the expression of his heart as “onely this,” viewing it as lacking 
in something. Could what he lacks as a poet be verbal ornament? Thus, the plainness 
of the very first line does not seem to sit right with Herbert, even though Herbert fulfills 
the criteria for the Augustinian principle of “heartfelt emotion.” In this first stanza, the 
two identities of Herbert emerge and conflict, which he seems to purposefully elucidate 
for the reader to follow. Then Herbert picks the winner with two words: “And	still” his 
“[heart] runneth…” (4). Even while Herbert makes evident his poetic desires to embel-
lish, his heart cannot be silenced or dissuaded but continually overflows with meager 
“mutterings.” Through the constancy of his heart’s language, Herbert encourages his 
Christian identity to govern his words over his artistic inclinations as a poet. Thus, the 
inexpressible rhythms of Herbert’s heart move his poem forward, maintaining the plain 
style and its apparent naturalness. 
 Rather than viewing Herbert’s ambivalence toward the phrase “My joy, my life, 
my crown!” as his own inward struggle between pleasing God as a Christian and pleas-
ing himself as a poet, Richard Strier in his book Love	 Known argues that Herbert 
intentionally characterizes his heart as “muttering” to portray it as “childishly naïve 
and silly” (202). He does this, according to Strier, not to belittle the value of the heart 
but to coerce the expected response of “scorn” from the reader (202). The focus that 
Strier places on the audience rather than on the poet himself is supported by Joseph H. 
Summers in George	Herbert,	His	Religion	and	Art: “In the poet’s and the preacher’s 
experiments, the chief consideration was not how to convey personal experience hon-
estly but how to use language most effectively for the subject, the aim, and the intended 
audience of specific compositions” (95).
 Strier goes on to explain that Herbert here is not “making a mistake,” but that he 
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wishes to “educate” his “readers” by using their own value systems and then turning 
them on their heads (202). Strier views the first stanza as an outward engagement with 
the reader, which points to an aspect of Augustine’s teaching on Christian rhetoric. 
According to Strier’s reading, Herbert would seem to follow Augustine’s guidelines 
“to instruct, delight, and move,” but not necessarily in that order (117). For instance, 
for Strier, the first stanza moves the reader by inspiring a negative response of scorn 
towards Herbert’s simple lines, yet the poet later instructs his readers by condemning 
the emotion that he originally inspired. This instructive quality of Herbert’s may reflect 
his role as Parson, as noted by Herbert’s twentieth-century editor F.E. Hutchinson: 
“Catechizing is the first point, and but by Catechizing, the other cannot be attained,” 
referring to the “delighting” and “moving” elements of what a sermon should do (489).
 The second stanza does seem to fully account for the poet’s “want,” as Strier ar-
gues, yet it appears to do so through an inward reprimand rather than a public rebuke. 
In the second stanza, Herbert appears to be addressing himself, convincing his own 
mind that the promptings of his heart actually can produce an “art” that satisfies be-
cause its sincerity pleases God: 

 Yet slight not these few words:
 If truly said, they may take part
 Among the best in art. (6-8)

 Instead of an inward self-correction, Strier argues that these lines serve as an out-
ward rebuke, which, again, points to an Augustinian teaching on Christian rhetoric: 
“He turns and solemnly rebukes the attitude he knows he has created” (Strier 202). In 
slight contrast to Strier’s argument, Herbert does seem to reprove the scorn present in 
the first stanza, but he does this not only with an awareness of the public perception 
that might “slight” him but with a personal pang of sensitivity when it comes to the 
bare plainness of “My joy, my life, my crown!” (1). Though Strier views these lines as 
possibly the musings of an orator or a parson who would be conscious of an audience, 
these lines seem to espouse the highly self-conscious yet intimate thoughts of a Chris-
tian poet towards himself. 
 While God may receive the poet’s praise without censure, it seems that Herbert 
must still correct himself by saying “slight not” (6).  But for what purpose? Strier sees 
the purpose as “to teach,” which is, again, a very Augustinian claim to make (Augustine 
117). Ironically, Strier is hesitant to align Herbert with Augustine’s soteriology in Love	
Known, although Strier repeatedly invokes Augustinian ideas and values throughout 
his analysis of Herbert’s poetry. In regards to these lines, Strier explains how Herbert 
now instructs his reader: “He is putting his claim for the value of the heart’s few words 
in the form most outrageous to those who value eloquence and art” (202). By flipping 
the reader’s value of art upside down, Herbert, according to Strier, teaches his reader to 
view art in an “outrageous” way, in order to eventually make such a humble form of art 
acceptable. Therefore, Strier views the second stanza as a teaching tool for the reader, 
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aligning Herbert to Augustine’s prescribed purpose for writing, yet Herbert may not 
be so outwardly focused as Strier claims. “Slight not” may serve as an inner dialogue 
with himself, which redefines the conventions of art for Herbert rather than an outside 
audience; however, both readings of the stanza employ Augustine: mine in Herbert’s 
attempt to view sincerity as the only necessary requirement for eloquence and Strier’s 
in the poem’s ultimate purpose of instruction.
 Importantly, this stanza works on another level when combined with the last two 
lines:

 The finenesse which a hymne or psalme affords,
 Is, when the soul unto the lines accords. (10-11)

 The important emphasis on the inward sincerity of the “soul” here contrasts the 
public command to “slight not these few words,” revealing the tension that arises be-
tween Herbert’s actual sincerity and the public perception or appearance of his soul’s 
sincerity. Here, Herbert defines “fineness” not based on clever, showy wording, but 
on the simple piousness of the soul, resulting in a hidden fineness. Yet, where is the 
success for a poet if his soul’s hidden fineness is not understood by others as fine or 
eloquent? In light of this paradox, Augustine explains the importance of communica-
tion: “Even if he has said what he himself understands, he should not yet think that 
he has communicated with the person who fails to understand him; but if he has been 
understood, then, no matter how he has spoken, he has communicated” (118). Thus, 
while Herbert does end his stanza on “art” by defining “fineness” as only the feelings 
of his soul, Herbert’s definition inspires the vital question of whether poetry truly can 
be “fine” based only on the promptings of his heart or “soul” (11). Herbert’s Christian 
identity prevails in his value of poetry here yet again, but the poetic tendency to pro-
duce an outward eloquence hovers on the periphery with the ambivalent tone of the 
first stanza. Consequently, even while these two lines demonstrate Herbert’s definition 
of art as the sincerity of his soul, his poetic identity remains preoccupied with not only 
the presence of truth within his soul, but with the outward perception of his soul as 
truthful and sincere. Thus, even if Herbert surrenders his office as poet to God’s glory, 
he is still conscious of the need to communicate, given his background in rhetoric and 
preaching.
 The fourth and final stanza includes a line that is the crux of the entire poem; how-
ever, Herbert’s important recognition of God’s intercession has been interpreted dif-
ferently by scholars such as Richard Strier, Stanley Fish, and Helen Vendler. The third 
line “God doth supplie the want” functions as this controversial line, but, first, it seems 
necessary to get there chronologically by looking at Herbert’s preceding dependent 
clauses:
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 Whereas if th’ heart be moved,
 Although the verse be somewhat scant,
 God doth supplie the want.
 As when th’ heart says (sighing to be approved)
 O,	could	I	love! And stops: God writeth, Loved. (16-20)

 In the first two lines here, Herbert describes his plain style by reengaging the Au-
gustinian “promptings of the heart” and the creative purpose “to move” one’s listener. 
A “scant verse” that “moves the heart” directly contrasts the verse in the previous 
stanza that contains “words” that “only rhyme” (16, 13). With this juxtaposition of 
external ornateness and inward eloquence, Herbert espouses his Christian rejection of 
the superficiality of language by explaining that appearances can be deceitful. Frank 
Manley also argues this when he quotes “The Forerunners”: “Beautie and beauteous 
words should go together” (30). As Manley explains, “Herbert knew they do not. It 
was the same old platonic delusion: physical beauty is not a reflection of virtue in the 
soul” (205). This incongruity between the outward appearance and the inward state of 
the ideas themselves goes back to the classical rhetorician Cicero and his comparison 
of the plain style, or subtilitas, to “a woman’s attire,” essentially saying that its attrac-
tiveness depends on its “diligent negligence” (77). As a Christian poet, Herbert must 
diligently neglect outward beauty because it most frequently works to distort rather 
than reflect the “virtue of the soul” (Manley 205). While Herbert’s “verse be somewhat 
scant,” the scantiness of his lines allow for the truth of his words to reach his reader’s 
heart unencumbered. Cicero’s famous metaphor explains the purity and naturalness of 
the plain style:

 Just as some women are said to be handsomer when unadorned—this very lack of
 ornament becomes them—so this plain style gives pleasure even when 
 unembellished: there is something in both cases which lends greater charm, but  
 without showing itself. (Orator 78; III.xvi). 

 The “greater charm” that does not “show itself” lies in the Augustinian idea “not 
to love words but the truth in words” (117). To paraphrase Cicero: love the woman, not 
her pretty dress. Herbert seeks to uphold the plain style throughout this poem because 
it does not need to conceal a lack of beauteous thought (just as the pretty dress should 
not distract from the natural beauty of the woman), but it should be “borne along by 
its own momentum, and…derive its beauty of expression, if indeed this emerges, from 
the power of its subject-matter” (Augustine 137). Thus, with the constant return to this 
Augustinian perception of the plain style, Herbert dispels his poetic desire for “beaute-
ous words” to accompany beauty and devoutly accepts the “greater charm” of the plain 
style: simple words that derive their power from the heart.
 Now, this praise of the plain style does still express itself with a word that may be 
taken negatively: “scant,” which suggests the “want” or “need” that God must address 
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in the next line of the stanza, the line long awaited: “God doth supplie the want” (18). 
Stanley Fish, in Self-Consuming	Artifacts, reads the line as God supplying “not only 
the want of a scanty verse, but the want of a scanty heart. His love for us is so great 
that He makes up the deficiency of our love for Him, moving us to praises which He 
then graciously accepts” (202). However, why does Herbert’s heart have to be scanty? 
Throughout the poem, Herbert clearly considers verses that “only rhyme” as no more 
than superficially beautiful and, following Cicero, implies that the beauty of his own 
verses derive from his “diligent negligence” of outward ornament (77; III.xvi). Thus, 
Fish seems slightly mistaken but, strangely, in the exact sense that Herbert explicitly 
warns against: judging the appearance rather than the promptings of the poet’s heart. 
A heart that is divinely moved to say all the day “My joy, my life, my crown” does not 
seem constrained or lacking in spiritual fervor for God. When Strier reads “God doth 
supplie the want,” he stops short from condemning Herbert’s heart as scanty: 

 Every critic writing on the poem has taken “supplie the want” literally, as asserting  
 that whenever Herbert felt himself “moved” but incapable of artistic expression, he  
 could rely on God to provide the inspiration that would lead him to artistic success.  
 But the whole point of the poem has been that religious success—God finding an  
 utterance “fine”–is independent of artistic success…” (204)
           
 Strier’s distinction between “religious success” and “artistic success” complicates 
the simple intervention of God to fill in the artistic weaknesses in the poem. With this 
distinction, Strier argues that God does not provide Herbert with what he wants at all. 
And what Herbert seems to desire is the infusion of divine eloquence into his simple 
language of “My joy, my life, my crown!” Strier explains Herbert’s need in contrast to 
God’s answer with the help of Helen Vendler:

 In the example of God supplying the want, God does not supply the heart with  
 what it wants and lacks. He does not give the heart the ability to love, to fulfill the  
 commandment paraphrased in stanza 3. Instead, as Vendler notes, He “changes  
 the soul from subject to object and writes ‘Loved.’”…God, on the other hand,  
 grants the heart what it wants without supplying what it lacks. He takes the will for  
 the deed. (205)

 To extend Strier’s point, Herbert seems to reveal a subtle sense of guilt in his desire 
for only a “semblance of artlessness,” as Dionysius of Halicarnassus defines the plain 
style (44). Herbert as poet desires the appearance of his words to be corrected by God 
and to match the intense promptings of his heart. In this sense, Fish’s reading of the 
first stanza that “The muttered litany of ‘My joy, my life, my crown’ has too little of 
the poet woven into its sense to satisfy him” seems accurate and supported by the rest 
of the poem (200). While God “takes the will for the deed,” as Strier explains, Herbert 
still remains a poet and must wrestle with a poet’s sensibilities. Thus, a gentle rebuke 
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from God appears when Herbert “changes the soul from subject to object” (Vendler 
28). Herbert cries out in desperation, “O,	could	I	love!”, but he does not seem to refer 
to his ability to love God. Herbert’s love for God is quite evident in his inspired phrase, 
“My joy, my life, my crown!” at the beginning of the poem. Rather, Herbert’s cry 
of desperation seems to work on another level, reading more accurately: “O, could I  
express this love!” Therefore, “sighing to be approved” Herbert recognizes that, as 
a poet, he must accept God’s criticism of the creative “mentality that can think only 
in terms of accomplishment” (Strier 205). Therefore, Herbert ends the poem with an 
emotional appeal for God to give him the means to produce “beauteous” words that 
please both his artistic desires and God’s need for praise. However, Herbert the Chris-
tian, realizing that his own words will never satisfy stops, and in this caesura, in this 
pause that halts all the poet’s struggles over his craft: “God writeth, ‘Loved.’” For 
Herbert, God answers his appeal by rejecting it, by refusing to supply his want. In 
this sense, Herbert submits his creative goals to God, accepting God’s rebuke with the 
understanding that he is a Christian praising God first and foremost and that he should 
not ask God to make his poetry anything other than the result of a righteous “desire to 
love God perfectly (a want which God supplies) and to have this desire accepted for the 
deed” (Strier 205). And in this way, the plain style functions as the appropriate model 
of praise to which Herbert repeatedly conforms his poetic self. 

“The Forerunners”

 While “A True Hymn” demonstrates Herbert’s submission to God as his humble 
servant that usurps his role as poet, Herbert again takes up the struggle between his 
creative desires and his humble purpose in the anti-poem “The Forerunners,” seen in 
the first stanza:

 The harbingers are come: see, see their mark;
 White is their color, and behold my head.
 But must they have my brain? Must they dispark
 Those sparkling notions which therein were bred?
 Must dullness turn me to a clod?
 Yet have they left me “Thou art still my God.” (1-6)
 
 Here Herbert attributes the whiteness that marks the coming of royalty to his 
“head,” signifying his old age; however, the plain “white” color may also speak to 
Herbert’s ideal plain style. Herbert shows the risk of growing old when he asks, “But 
must they have my brain?” (3). The degeneration of his mind from age scares Herbert 
because of the “sparkling notions which therein were bred” (4).  He greatly values 
his intellect and what he can do with language, as appears in the penultimate line of 
the stanza: “Must dullness turn me to a clod?” (5). His inward questioning seems to 
reveal a possible motive for why Herbert chooses the plain style to express his fleeting, 
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undependable thoughts. He knows that he might lose them, and so he demonstrates 
his dependence on God’s wisdom and favor by attempting to give up elegant language 
and present to God his thoughts in their most truthful, humble form. On another level, 
the pale plainness of the “white” of the harbingers may point to Herbert’s plain style 
as publicly perceived by others. Even though Herbert’s ultimate objective is to please 
God, he is still human and may be torn by his love of elegant language and his desire to 
“communicate” to his reader (Augustine 118). Herbert’s doubts in regards to the plain 
style may relate to his human concern with the earthly opinion of being viewed as “a 
clod.” In the last line of the stanza, Herbert attempts to resolve his doubts by quoting 
Scripture: “Yet have they left me ‘Thou art still my God’” (6). 
 As in “A True Hymn,” Herbert redirects his attention from himself to God as his 
primary audience, seen in the last three lines of the second stanza:

 So “Thou art still my God” be out of fear.
 He will be pleased with that ditty;
 And if I please Him, I write fine and witty. (10-12)

 In these lines, Herbert may be attempting to disregard his vain doubts about the 
plain style and focus instead on his all-knowing, heavenly audience. In many of his 
poems, Herbert struggles with a distraction that carries his focus away from God, aris-
ing from his anxiety about language, the very device meant to focus him on God. As 
Herbert expresses in “A True Hymn,” God’s omniscience should dissuade such anxiet-
ies over how he expresses the pureness of his heart because God “takes the will for the 
deed” (Strier 205). However, Herbert appears to see an interactive relationship between 
thought and language, as if his choice of superficial words could taint or purify the 
promptings of his heart. Frank Manley, in his exploratory article on the irreconcil-
able tensions between Herbert’s holy aim and his “deceitful” craft, describes Herbert’s 
strong desire for simplicity and straightforwardness, sometimes undermined by the 
poem’s inner complexity (206):

 Throughout The	 Temple Herbert evinces an intense desire to get out of the 
 complications of self as he knew it—sophisticated, intellectual, introspective, and  
 above all else subtle, complex, and self-divisive—into what he conceived of as the  
 simple, straightforward life of the country parson or, more distant, the early  
 Christians, clothed in the homespun language of the gospels. (205)
 
Thus, as Manley explains, Herbert may associate his poetic desires to craft his poetry 
as evidence “of the complications of self as he knew it,” which ultimately leads him to 
reject such vexed tendencies for “the simple, straightforward life of the country par-
son” who praises God without the need for external beauty. In his own words, Herbert 
defines his religious purpose as first and foremost “Holiness,” explaining that a true 
religious poet “is not witty, or learned, or eloquent, but Holy” (Hutchinson 367). For 



Crius: Angelo State Undergraduate Research Journal99

example, the last line of the stanza supports this view when Herbert says, “And if I 
please him, I write fine and witty.” As in “A True Hymn,” Herbert again seems to reject 
the need for his words to say what he wants them to say, devoutly accepting that his 
eloquence depends on God’s pleasure instead of his own artfulness. 
 Leah Marcus, in her insightful article on how the Anglican church influences the 
set forms and attitudes of Herbert’s poetry, expresses God’s pleasure as grace: “In 
Herbert’s poetry poverty of language, like its opposite, is cured by an infusion of di-
vine grace, the same grace that confers order on the Anglican church” (190). And for 
Herbert, this grace is extremely active in his creative process, as explained by Marcus: 

 When Herbert cannot find words, or when his words threaten to run away with  
 him, he often discovers ‘set forms’ of language, echoed from the Bible or the  
 liturgy, to fall back on; insofar as these forms of language are fused with his own  
 experience, they can never become hollow and meaningless. (190)

 Consequently, two elements breathe life and meaning into the plain style of Her-
bert’s poetry: the earthly element of Herbert’s individual experience and the “divine 
grace” of God that brings about order and clarity. This two-part creative process may 
further explain Herbert’s struggle over being a Christian and a poet. While Marcus 
attributes Herbert’s chosen form of poetry to the order and structure of the Anglican 
church, Stanley Fish, among others, points out that the content of his poetry reveals a 
more Calvinistic or Lutheran attitude toward God. Herbert’s words “If I please Him” 
demonstrate the anxiety of whether God will uphold his end of the creative partner-
ship. Marcus states that “Herbert learns again in ‘The Forerunners,’ as he has at other 
crucial points in The	Temple, that he does not have to be a good poet to be a good Chris-
tian” (191). However, in “The Forerunners” as well as many other of his meta-poems, 
Herbert resists his inward anxieties and struggles and holds fast to poetry because he 
claims that “My God must have my best, even all I had” (17). Poetry (the creative result 
of God’s divine grace on Herbert the earthly sinner) is Herbert at his best. While poetry, 
of course, is not required for his salvation, it does play a critical role in the expression 
and testament of it, which explains the amount of meta-poems in The Temple that elu-
cidate Herbert’s struggle as a Christian poet. It seems Herbert identifies himself as a 
poet on God’s errand, and his successful execution of his errand does importantly com-
ment on the state of his soul. Therefore, Herbert’s emphasis as “not witty, or learned, or 
eloquent, but Holy,” displays his divine calling as a poet (Hutchinson 367). Herbert’s 
heartfelt devotion to his holy task and his recognition of his poetic abilities was at-
tached to his “Sonnet I” and “Sonnet II” in which he confesses to his mother that “my 
poor Abilities in Poetry shall be all, and ever consecrated to Gods glory” (Walton 447). 
 The last stanza of “The Forerunners” culminates the spiritual conflict for Herbert, 
ultimately reinforcing his inward focus while also subtly exhibiting his poetic artistry:
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 Yet, if you go, I pass not; take your way.
 For “Thou art still my God” is all that ye
 Perhaps with more embellishment can say.
 Go, birds of spring; let winter have his fee;
 Let a bleak paleness chalk the door,
 So all within be livelier than before. (31-36)

 In the first line, he dismisses his “sweet phrases” from stanza three and his “lovely 
enchanting language” found in stanza four, telling them coldly to “take your way” (31). 
The time of wrestling with what he knows to be his highest aim of pleasure to please 
God and the satisfaction of writing witty verse is over, and Herbert now deftly resolves 
the conflict within the confines of the poem. In the second line, Herbert explains his 
reason for his harsh treatment, saying that elegant verse is only mere “embellishment” 
(13, 33). He denounces elaborate expression as simply extra frills because they add no 
substance to the ultimate, humble message of “Thou art still my God” (32). However, 
Herbert significantly gives an imperative in the third line, “Go, birds of spring,” allow-
ing the bittersweet tone of the rest of the poem to seep into his “farewell” (34). His use 
of metaphor here displays a subtle beauty of phrasing that retains a sense of his agency 
as a poet, even as he is seen rejecting such forms.  Finally, the last two lines of the 
poem highlight perhaps the most significant element of Herbert’s plain style, the focus 
of inwardness. The poem ends: “Let a bleak paleness chalk the door, / So all within 
be livelier than before” (35-36). This is a perfect example of what Michael Gallagher 
explains as a “dimension behind the scenes, as it were, in his writing, not one that is 
easy to show actually at work in the verse” (513). This dimension is what Herbert un-
derstood as the “simplicity of intention” and his “inner commitment which calls forth 
all the poet’s skill in art” (Gallagher 509). Yet, the paradox exists in that this focus on 
the inward intention cannot be conveyed without a deft handling of language itself. 

“Jordan (I)”

 Herbert’s bittersweet tone towards his “sweet phrases, lovely metaphors” contrasts 
with his effusive confidence in the plain style in another metapoem, “Jordan (I),” which 
is manifest through his verbal attack on the high style. For example, he begins the 
poem with a rhetorical yet assertive question: “Who says that fictions only and false 
hair / Become a verse? Is there in truth no beauty?” (1-2). The question of whom Her-
bert is speaking to here does not seem to be a mystery as it was in “A True Hymn.” 
The audience appears to consist of other poets who choose to write about secular love 
and also employ the more eloquent style of writing. For Herbert, this represents two 
wrongs: one against the aesthetics of poetry and another against the specific desires of 
God. First, it deviates from his own self-proclaimed purpose, seen in his dedication 
of his talents early on in his life to God and God alone. However, as Manley argues, 
there remains in poetry a “deviousness” or “a form of deceit,” which taints poetry for 
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Herbert because he wishes above all for life to be “simple, straightforward, directed in 
all things toward God” (203). In “A Wreath,” an introspective and subtly crafted poem, 
Herbert ironically expresses his desire for simplicity:

  Life is straight,
 Straight as a line, and ever tends to thee,
 To thee, who art more far above deceit,
 Then deceit seems above simplicity.

 Manley applies the usage of “deceit” here to his discussion of poetry and Herbert’s 
perception of it as “duplicitous” (204). Herbert does seem to view poetry as a threat to 
the simple life that God desires for him, requiring that he surrender it to God’s grace 
if he is to practice the art as a Christian at all. Herbert confidently states that “Life is 
straight / Straight as a line, and ever tends to thee,” which discriminates against the 
high style that is censured in the second stanza of “Jordan (I): “Is it no verse, except 
enchanted groves / And sudden arbours shadow coarse-spun lines?” (6-7). The high or 
eloquent style (specifically elaborate metaphors and tropes) disturbs Herbert to his core 
because, in his eyes, it seems to represent the farthest extent that poetry can go in its 
duplicitous potential. Herbert uses the metaphor of “enchanted groves” to describe the 
high style, and by comparing it to a natural, God-created “grove,” he may cling to his 
idealistic idea that poetry can function in a natural, God-pleasing way. Yet, he describes 
elaborate literary devices as “enchanted,” which implies that something natural and 
intended for God’s praise has been bewitched. For Herbert, perhaps the spell befalls the 
natural entity of poetry from the pride and idolatrous attention placed on words them-
selves by the poet, which Augustine warns against. Seen in Sonnet II, one of the two 
sonnets that accompanied this letter to his mother, Herbert writes “Each Cloud distills 
thy praise, and doth forbid / Poets to turn it to another use” (4-5). In these two lines, 
Herbert even goes so far as to say that God “forbids” poets to use poetry for any other 
subject than for “thy praise”; yet, even Herbert himself does not perfectly follow this.
 In “Jordan (I),” it is evident that Herbert balks at mystery because he does not think 
it points the reader to God but rather acts as a sinful distraction from his all-mighty 
subject. One of the most often quoted lines from Herbert’s poetry expresses his per-
spective on the nature of poetry and his reason for choosing the plain style and is found 
in “Jordan (I): “Must all be veiled, while he that reads, divines, / Catching the sense at 
two removes?” (9-10). The high style is “veiled” according to Herbert, which for this 
plain style poet, seems synonymous with a guilty or ungodly intent. The Bible uses the 
word “veiled” with a negative connotation as well: “Even to this day when Moses is 
read, a veil covers their hearts. But whenever anyone turns to the Lord, the veil is taken 
away” (2 Corinthians 3:15-16). In this way, Herbert seems to so strongly criticize the 
high style because its hidden, mysterious, complicated syntax acts as a veil that “cov-
ers” the poet’s “heart,” which distorts the verbum	cordis that Augustine espouses for 
a good Christian speaker. Herbert chooses to conclude “Jordan (I)” in the consistent 
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confidence that he began the poem with: “Nor let them punish me with loss of rhyme, 
/ Who plainly say, My	God,	My	king” (14-15). The directed dialogue towards the high-
style poets, or those who use devices characteristic of that style, seem to have disgusted 
Herbert to such an extent that he rejects even a basic characteristic of poetry, evidenced 
in his lack “of rhyme.” Thus, Herbert reduces poetry to a bare plainness in “Jordan (I)” 
by condensing his offering of praise to four words: “My	God,	My	King.” “Jordan (I)” as 
well as “A Wreath” both express Herbert’s contempt of the metaphors and tropes that 
characterize the high style, deriving from his values as a Christian rather than a poet. 
Herbert, as a Christian, views himself as lowly when compared to God, and because of 
this, he embraces the “homely” style of writing to convey his humility to God.

Conclusion

 Simply put, Herbert’s spiritual life affects his poetic decisions and his poetic deci-
sions reflect the state of his soul. From Herbert’s reluctant recognition that God does 
not desire eloquence in “A True Hymn” to his position of humility gained from the 
focus of inwardness in “The Forerunners” to his defiant dismissal of literary devices 
in “Jordan (I),” Herbert’s attitude toward the plain style exposes many tensions when 
confronted with a Christian agenda to praise God. Throughout these poems, however, 
Herbert masterfully employs the plain style to divulge the inner struggle of his soul 
and to unify the unseen currents of his heart with the perceptible words of his poetry, 
attempting to satisfy God’s desire for sincere praise while subtly crafting “plain” words 
that “instruct, delight, and move [his] listeners” (Augustine 117). The great irony that 
exists in Herbert’s poetry lies is the fact that nothing about Herbert’s poetry can be 
described as mere “mutt’rings” of his heart; there always endures a strong anchor of 
intention and “diligence” (Cicero 77) in the midst of his flames of “heartfelt emotion” 
(Augustine 137) producing poems, such as the ones explicated here, that communicate 
to the reader and communicate well. As Augustine argues, “After all, we do not want 
what we say in a restrained style to be despised, and so we want to be listened to not 
only with understanding but also with pleasure” (141). In the selected poems and argu-
ably throughout The	Temple, Herbert seeks to elicit pleasure by diligently neglecting 
that which he desires to ultimately produce: beautiful poetry that praises God. It must 
be concluded that Herbert resolves his struggle as a poet. With paradoxical eloquence, 
he sets God over himself, his Christian soul over his poetic mind, and the truth of words 
over words themselves, a series of hierarchies that for Augustine signals “the nature of 
a good mind” (Augustine 117). He takes the inexpressible and, with invocation to God, 
bends the rivers of his emotions into a poetic form that unifies and binds the Christian 
to the poet, his heart to words, and Herbert to his God. 
 



Crius: Angelo State Undergraduate Research Journal103

Works Cited

Aristotle. Poetics. Trans. Stephen Haliwell. Cambridge, MA: Harvard University 
 Press, 1995.
Augustine. On	Christian	Teaching. Trans. R. P. H. Green. New York: Oxford UP, 1999. 
 Print.
Cicero. On	the	Ideal	Orator. Trans. James M. May and Jakob Wisse. New York: Oxford 
 UP, 2001. Print.
Demetrius of Phalerum. On	 Style. Trans. Doreen C. Innes and W. Rhys Roberts. 
 Cambridge, MA: Harvard UP, 1995.
Dionysius of Halicarnassus. The	 Literary	 Treatises	 of	 Dionysius	 of	 Halicarnassus. 
 Trans. S.F. Bonner. Cambridge: Cambridge UP, 1939. Print. 
Fish, Stanley Eugene. Self-Consuming	 Artifacts:	 The	 Experience	 of	 Seventeenth-
	 Century	 Literature	 (Medieval	 and	 Renaissance	 Literary	 Studies). Pittsburgh: 
 Duquesne UP, 1998. Print. 
Gallagher, Michael P. “Rhetoric, Style, and George Herbert.” ELH 37.4 (1970): 495- 
 516.
Herbert, George. The	Complete	English	Poems. Ed. John Tobin. New York: Penguin 
 Books, 2004. Print.
Hutchinson, F.E., ed. The	Works	of	George	Herbert. Oxford: Oxford UP, 1941. Print. 
Marcus, Leah. “George Herbert and the Anglican Plain Style.” “Too	Rich	 to	Clothe	
	 the	 Sun”:	 Essays	 on	 George	 Herbert. Ed. Claude Summers and Ted-Larry 
 Pebworth. Pittsburgh: U of Pittsburg P, 1980. 179-191. Print.
Manley, Frank. “Toward a Definition of Plain Style in the Poetry of George Herbert.”  
 Poetic	Traditions	of	the	English	Renaissance. Ed. Maynard Mack and George de 
 Forest Lord. New Haven: Yale UP, 1982. Print. 
Puttenham, George. The	Art	of	English	Poesy:	Critical	Edition. Ed. Frank Whigham. 
 Ithaca, NY, Cornell UP, 2007. Print. 
Seneca. Anger,	 Mercy,	 Revenge. Trans. Robert Kaster and Martha C. Nussbaum. 
 Chicago: U of Chicago P, 2012. Print.
Strier, Richard.	Love	Known. Chicago: U of Chicago P, 1983. Print. 
Summers, Joseph H. George	Herbert:	His	Religion	and	Art. Cambridge, MA: Harvard 
 UP, 1954. Print.
Trimpi, Wesley. Ben	Jonson’s	Poems:	A	Study	of	the	Plain	Style. Redwood City, CA: 
 Stanford UP, 1969. Print.  
Vendler, Helen. The	Poetry	of	George	Herbert. Cambridge, MA: Harvard UP, 1975. 
 Print.
Walton, Izaac. The	Compleat	Angler	and	Lives. Ed. Geoffrey Keynes. London: The 
 Nonesuch Press, 1929. Print.
Wilson, Thomas. The	 Art	 of	 Rhetoric. Ed. Peter E. Medine. State College, PA: 
 Pennsylvania State UP, 1994. Print. 



Crius: Angelo State Undergraduate Research Journal104

The Suffolk Resolves: A Neglected Catalyst of the American Revolution
 
Duncan	Knox	and	Shirley	Eoff,	PhD

Abstract

 Before Lexington and Concord, glimmers of revolutionary thoughts and ideas ex-
isted in the American colonies; however, a document known as the Suffolk Resolves, 
written in mid-1774, crystallized these divergent ideas into a more consistent response 
to troubling British policies. The Suffolk Resolves signaled to the First Continental 
Congress that segments of the American populace, while still loyal to George III, were 
willing to raise a militia to protect their rights from Parliamentary actions that they 
deemed harmful to American interests. The Continental Congress’ endorsement of the 
Resolves shifted the momentum in favor of more radical elements and hardened posi-
tions in both Britain and the colonies. This paper analyzes the Suffolk Resolves, the 
reaction of contemporaries, and their overall significance as a transitional catalyst lead-
ing to the American Revolution.

*****

Introduction

 On September 11, 1774, Paul Revere set off on horseback from Milton, 
Massachusetts, carrying a series of resolutions from the Suffolk County 
Convention in his saddlebags. Over an impressively quick, yet exhaust-

ing, five day period, Revere traveled over 350 miles of rough, winding roads with an 
express mission to deliver the Suffolk Resolves to the First Continental Congress meet-
ing at Carpenter’s Hall in Philadelphia, Pennsylvania1.  The First Continental Congress 
delegates anxiously awaited news from Boston where the Cambridge Powder Alarm 
had led to reports (later proved false) of bloodshed and destruction of the city. Revere’s 
arrival brought news of the true situation in Boston but did little to relieve the tense 
atmosphere.The Resolves he brought initiated bitter debate and “galvanized the First 
Continental Congress into taking a stand” on Boston’s plight2.  The Philadelphia del-
egates’ endorsement of the Resolves pushed them “to decide what stand to take” on the 
broader Anglo-American relationship3. 
 The text of the document, the sentiments of which are mirrored in the text of other 
county resolves, reflects the tension and frustration of the colonists towards Parliament, 
while paying lip service to respect for King George III. A newfound assertiveness is 
expressed throughout the Resolves illustrating the shift in the mindset of Massachu-
setts citizens; they now see themselves as the rightful leaders of the colony, not obedi-
ent servants of Parliament. The document showcases the progression towards war that 
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began to surface in the colonial American mindset following events like the Cambridge 
Powder Alarm. The many issues that define the American Revolution, such as taxation 
without representation, trade interference and the right to a fair trial, are extensively 
highlighted within the Suffolk Resolves. The document delineates contentious issues 
more clearly, helping to solidify the growing distance between Britain and her Ameri-
can colonies. 
 The text contains an opening preamble, penned by Joseph Warren, followed by 
nineteen specific grievances. The preamble demonstrates the high regard in which 
Massachusetts held their charter, despite the growth of independent colonial govern-
ments. The opening statement is filled with hostile terms directed at British colonial 
administrators such as: “powerful,” “vengeful,” “arbitrary,” “licentious,” and “parri-
cide.” British administrative personnel are described as “military executioners” and 
accused of economic exploitation, while their actions are described as “unparalleled 
usurpation[s] of unconstitutional power.” Warren juxtaposes the strident and exagger-
ated characterization of the British administrators against the colonists by depicting 
the latter as “guiltless children” laboring to protect an inheritance built on the “valor 
and blood” of colonial ancestors. He attacks those who “tamely submit to live, move, 
and have their being at the arbitrary will of a licentious minister,” describing their posi-
tion as analogous to that of “voluntary slavery.”4  These sentiments sparked emotional 
connections between the colonists, thereby forging common bonds against the British. 
Warren knew that in order to stand any chance at making an impact on Parliament the 
colonists would have to put aside their differences and show a united front.
 The body of the document contains nineteen grievances or points. Interestingly, 
the first point emphasizes that loyalty must be maintained to King George III, based on 
the traditional Lockean concept of the social contract. It acknowledges George III as 
“our rightful sovereign” and promises allegiance with the understanding that the com-
pact with the original colonists forms the “covenant [which] is the tenure and claim 
on which are founded our allegiance and submission.”5  This type of outward adher-
ence to the rule of the monarchy gives the Suffolk Resolves an intermediary position. 
Colonists had not given up completely on all aspects of their mother country, but they 
acknowledged the disintegration of relations which had already begun. The expression 
of loyalty masks deeper discontent highlighted in the second point which stresses the 
natural right to defend their civil and religious rights and liberties.6 
 Many colonists were most upset with Parliament in 1774 because of the limita-
tions on personal and economic freedoms contained within the Coercive Acts. Because 
of this, the third and fourth grievances specifically targeted Parliament. The Resolves 
castigated that body “for blocking up the harbor of Boston, for altering the established 
form of government in this colony, and for screening the most flagitious violators of the 
laws of the province from a legal trial,” which the delegates deemed as entitlements “by 
the laws of nature, the British constitution, and the charter of the province.”7  This par-
ticular complaint provides a perfect example of the disconnect between Great Britain 
and its American colonists. Great Britain was willing to sacrifice revenue to bring the 
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troublesome Bostonians in line, which the colonists saw as a sign of tyranny. In their 
minds “the attempts of [a] wicked administration to enslave America” freed them from 
obligations of obedience.8

 Court and legal issues comprised the fifth through eighth grievances within the 
Resolves. The court systems and justices had forfeited their legitimacy and authority in 
the eyes of the colonists. The delegates to the Suffolk Convention considered the jus-
tices “unconstitutional officers” who operated under “undue influence” as their illegiti-
mate appointments were not, in colonial minds, consistent with the original charter.9 

This hints at the developing radicalism inherent in the Suffolk Resolves. The Whigs in 
Massachusetts began to promote the American colonies as separate entities from the 
mainland of Great Britain. At this stage in colonial history, however, they operated in 
a transitional space where they wanted control of their own affairs, but with continued 
protection and trade benefits under British law.
 The Resolves also suggested aggressive actions in terms of boycotting British 
trade and calling for certain individuals to resign their public offices, even issuing an 
ultimatum that those refusing to do so by September 20th would be considered as “ob-
stinate and incorrigible enemies to this country.”10  The colonists took this a step further 
in the ninth through twelfth grievances by recommending the removal of commissions 
of militia members and advocating that the inhabitants of the colony should prepare 
to defend themselves, if it became necessary. These points of protest came in reaction 
to the increased military presence throughout Massachusetts and the newfound threat 
towards Protestantism following the protection of the Roman-Catholic religion in Can-
ada. The colonies maintained a defensive posture towards military relations with Brit-
ain out of “affection to his majesty” and as long as “such conduct may be vindicated 
by reason and the principles of self-preservation.”11  This stance further illustrates the 
transitional nature the Suffolk Resolves held in regards to movement towards revolu-
tion. 
 The thirteenth through nineteenth resolves outline specific measures to create an 
independent government to combat the “present tyrannical and unconstitutional gov-
ernment.” The Resolves present an ultimatum to British authorities, threatening that 
in the event of a resistance leader’s arrest, colonists would take royal officials hostage 
until those seized by the British were freed. A call for Anglo-American trade cessation 
and the development of American art and manufacturing to offset this boycott of Brit-
ish goods constituted the next step in the Resolves’ plan. The sixteenth and seventeenth 
grievances supported and encouraged other towns and counties to support the Provin-
cial Congress, meeting later in October, and the currently sitting Continental Congress. 
Finally, in an effort to counteract the surge of mob-like activities and riots and to allow 
the colonial elites to reassert their leadership of the resistance, the Resolves called for 
civil order, particularly the protection of private property.12

 The content and sentiments of the Suffolk Resolves clearly resonated with other 
colonial gatherings. The minutes from the Bristol Convention suggest that the way 
in which Suffolk County responded to British policies in their “spirited and noble 
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resolutions”13 echoed their own feelings. The Bristol County convention “cheerfully” 
adopted the Suffolk Resolves within their own resolutions.  The Cumberland Conven-
tion demonstrated the same support to Suffolk County as leaders in this challenge to 
British policy, while also showing awareness of differences between their two situa-
tions: “And here we think it proper to observe, that though we do not coincide in every 
instance with our Suffolk brethren, which may be owing to a want of knowing all the 
circumstances of affairs, yet we highly applaud their virtuous zeal and determined 
resolution.”14 
 Despite the similarity in sentiment to those of other counties and the fact that the 
Middlesex County resolutions arrived three days earlier, the Suffolk Resolves were the 
only resolutions brought to a vote before Congress. The Middlesex document arrived 
at a time when, according to Massachusetts delegate Thomas Cushing, “the Congress 
were very Busy & several large Committees were closely engaged upon matters of 
great importance.”15 More importantly, the heightened tension following the Cam-
bridge Powder Alarm created by false rumors of the destruction of Boston would have 
made the Suffolk pleas seem more urgent. Mobilization in defense of the city inspired 
the respect of the delegates for those who had prepared to die for the cause.16  The fact 
that Boston, the most threatened city, was part of Suffolk County ensured that Con-
gress would be more receptive to that county’s pleas.17  Samuel Seabury, a prominent 
loyalist, commented that the Cambridge Powder Alarm “served also to inflame the 
congress and to prepare the way for another Boston maneuvere [sic].”18  Seabury as-
serted that “Their [the Philadelphia delegates] passions were up, their reason disturbed, 
their judgment distorted; with the most inconsiderate rashness they took the fatal step 
of adopting a resolution “approving and recommending the conduct of the Suffolk 
people.”19

 The importance placed on the Resolves may also have resulted from a strategic 
decision to frame their transmission to the Continental Congress as seeking advice. 
The Suffolk Resolves reached the Congress later, but leaders enclosed a letter with “an 
express application to the Congress for advice.”20  Therefore, they would both flatter 
the delegates of the First Continental Congress and force their hand, causing them to 
take a stand. This introductory letter and request for action, coupled with the tensions 
over the Powder Alarm, created a sense of urgency in Congress. Historian Ray Raphael 
suggests that the Resolves were crafted with flair that would impress the “learned del-
egates” more than other more mundane documents.21  Perhaps most importantly, the 
Suffolk Resolves were more thoroughly developed and rationally argued than those 
of other counties. They offered the most detailed and articulate statement of colonial 
grievances.
 Regardless of the reasons, the Philadelphia delegates brought the Suffolk Resolves 
to the floor for consideration. The resolutions proved to be a divisive issue for the First 
Continental Congress and quickly became central to the larger ideological divide. Rad-
icals like Christopher Gadsen, a noted South Carolina delegate and an extreme patriot, 
wanted a preemptive attack before Britain could reinforce troops, while conservative 
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members, like Joseph Galloway, still hoped for peaceful reconciliation.22  Galloway 
questioned the legitimacy of the Continental Congress and thus their consideration of 
the Suffolk Resolves, claiming that their instructions authorized only those measures 
which supported “allegiance to their Sovereign, and that tended to unite, and not to 
separate the two countries.”23 Nonetheless, conservative delegates found themselves 
forced into taking a stand on the specific issue of the Suffolk Resolves as they feared 
being branded traitors if they appeared to be supporting the unpopular Coercive Acts. 
Rejecting the Resolves would imply agreement with British policy.24  
 The conservative members expressed shock and viewed the proposed adoption of 
the Resolves as essentially asking them to condone open rebellion and, potentially, 
military resistance. While individuals within colonial delegations may have opposed 
the endorsement of the Suffolk Resolves, official records indicate that Congress unani-
mously approved these resolutions as each colony voted as a unit. The delegates did, 
however, urge caution and temperance, supporting only defensive actions in an effort 
to give Congress time to negotiate with Britain to seek changes in policy. Additionally, 
the Congress, in what John Adams referred to as an unusual display of public transpar-
ency, opted to break with their previous secrecy policy by ordering the Resolves to be 
printed in local newspapers.25  
 The Continental Congress’ endorsement of the Resolves prompted strong reactions 
in both American and British circles. The most immediate reactions can be seen in the 
letters and writings of delegates to the First Continental Congress, which provide in-
sight into the responses of prominent, politically active citizens. The delegates clearly 
recognized the importance of the Resolves. Comments range from simple mentions of 
Congress’ actions to passionate statements regarding the proceedings and the Resolves 
themselves. A letter from George Read, a member of the Delaware delegation, to his 
wife Gertrude Read on September 18, 1774, reflected the sense of urgency that del-
egates felt and a realization of the importance of the moment. He informed his wife that 
he regretted not being able to visit with her, but that he was nonetheless glad that he had 
remained in Philadelphia as two major points of discussion occurred “in consequence 
of an application from Boston to the Congress for their advice upon the late measures 
of General Gage.” Read clearly saw these two matters, the passage of the Suffolk Re-
solves and a resolution for further colonial support of Boston, as quite significant as 
he stated that he would have blamed himself had he not been there to participate in the 
discussion.26  
 Richard Henry Lee, an influential delegate from Virginia, in a letter addressed to 
his brother, William Lee, on September 20, 1774, noted that the Suffolk Resolves re-
ceived “concurring support” for Boston and Massachusetts as a whole. He understood 
that recent events showed that “no small difficulty will attend forcing submission from 
these people, and they are most firmly resolved to dye [sic] rather than submit to the 
change of the Government.”27 
 Two dispatches from delegates from Connecticut show that contemporary partici-
pants considered the Suffolk Resolves as important business of the First Continental 
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Congress and recognized it as a unifying measure. A group of delegates from Con-
necticut sent a letter to Jonathan Trumbull, Sr., governor of the Connecticut colony, 
on October 10, 1774, which stated that the Suffolk Resolves were “highly approved 
of & applauded.”28  Silas Deane, another prominent delegate representing Connecti-
cut, wrote to Thomas Mumford, Connecticut merchant and member of the Council 
of Safety, on October 16, 1774, that through the adoption of resolutions, such as the 
Suffolk Resolves, the Continental Congress made the “Cause of Boston” a “Common 
Cause.”29 
 Not surprisingly two prominent delegates from Massachusetts recorded immediate 
responses to the Suffolk Resolves as well. John Adams penned a diary entry on Sep-
tember 17, 1774, remarking on the adoption of the Resolves by the First Continental 
Congress and the sense of unity its endorsement represented. He wrote, “This was one 
of the happiest Days of my Life. In Congress We had generous, noble Sentiments, 
and manly Eloquence. This Day convinced me that America will support the Mas-
sachusetts [sic] or perish with her.”30 However, in a letter to Abigail Adams, he hinted 
at the overarching divisions which existed in the First Continental Congress under the 
reported unanimity. He recorded that he witnessed “tears gush into the eyes of the paci-
fist Pennsylvania Quakers.”31 Samuel Adams, who had been heavily involved through 
communications with his protégé Joseph Warren throughout the development of the 
Suffolk Resolves, wrote to Warren shortly after the Resolves reached the Continental 
Congress in Philadelphia. Adams remarked on September 19, 1774, that the “spirited 
and Patriotick [sic] Resolves” of Suffolk County “were read with great applause, and 
the Enclosed Resolutions were unanimously passed, which give you a faint idea of 
the spirit of Congress.”32 However, Samuel Adams did not limit his excitement over 
the passage of the Resolves to only Warren. In a letter to Boston Congregationalist 
minister Charles Chauncy also dated September 19, 1774, Adams used essentially the 
same language.33  Together, the letters to Warren and Chauncy indicate Samuel Adams’ 
recognition that the passage of the Resolves marked a shift in the spirit of the Congress.
 Samuel Adams continued to communicate with Warren through various letters, 
further revealing his sense that the Suffolk Resolves had forever altered political dis-
course. He suggested that the passage of the Resolves had altered intercolonial relations 
and created resentment.34  In a letter of September 25, 1774, Adams apprised Warren 
of fears of some of the delegates that Massachusetts aimed for true independence, not 
just independence from Britain. Adams wrote: “There is, however, a certain degree 
of jealousy in the minds of some, that we aim at a total independency, not only of the 
mother-country, but of the colonies too; and that, as we are hardy and brave people, we 
shall have in time overrun them all.”35 
 The excitement originally produced by the adoption of the Resolves among Mas-
sachusetts leaders proved to be short lived, as evidenced by a letter from John Adams to 
Joseph Palmer, Boston glassmaker and later member of the Massachusetts Provincial 
Congress, on September 26, 1774. John Adams related his frustration with Congress 
for applauding the Resolves, but not following through. He complained of being told 
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to “stand still, bear, with patience, if you come to a rupture with the troops, all is lost.” 
He further informed Palmer that the delegates found any notion of independence to be 
startling.36  That frustration is further shown in a letter written three days later to Bos-
ton lawyer William Tudor, asserting that Congress praised “our wisdom, fortitude, and 
temperance,” while taking no action.37  Nonetheless, these dispatches from the Adams 
cousins to multiple Boston leaders illustrate the importance they placed on ensuring 
that their home colony knew of the support granted by the First Continental Congress, 
but also warned of the concerns the majority of the Congress had with the potential for 
full independence it foreshadowed. 
 While patriot leaders like the Adams cousins welcomed the approval of the Suffolk 
Resolves and its acknowledgement of a common cause in resisting British policy, not 
everyone agreed. Loyalist sentiments remained strong and significantly impacted the 
colonial discourse. As T.H. Breen has argued, “Americans of loyalist persuasion won-
dered whether the Philadelphia delegates had taken leave of their senses.” One critic 
observed, half “of America shudder[ed].”38  To loyalists, whether delegate or concerned 
citizen, the Suffolk Resolves threatened division rather than promoting unity.
 Joseph Galloway, a moderate delegate (and later loyalist) from Pennsylvania to the 
First Continental Congress, vehemently opposed the Suffolk Resolves and served as 
one of the leading conservative voices. In a letter of November 1, 1774, addressed to 
Thomas Nickleson, Galloway’s brother-in-law, Galloway wrote: “You will no doubt 
see the Resolves of our Congress and their other Proceedings. I cannot say that I ap-
prove of them, they are too warm & indiscreet and in my Opinion have not pursued the 
right Path to an Accommodation. All the Violent Parts of them I strenuously oppose 
from Conscience & Judgment and because I was convinced they must widen the Dif-
ferences between us.”339  In Galloway’s opinion, the endorsement of the Suffolk Re-
solves along with other actions of Congress illustrated that the delegates had “violated” 
the trust of their constituents and pushed the people into an armed confrontation.40 
 Galloway’s sentiments did not improve with time. In the 1780 pamphlet Historical	
and	Political	Reflections	on	the	Rise	and	Progress	of	the	American	Rebellion, he dis-
cussed the impact of the Suffolk Resolves in greater detail. He described them as “in-
flammatory resolves... which contained a complete declaration of war against Great-
Britain [sic].” He continued with a condensed description of the “treasonable” contents 
of the Resolves.41  Galloway took the issue of endorsement of the Suffolk Resolves a 
step further than in his previous pamphlets by arguing that the “treasonable vote” of 
the First Continental Congress laid the foundation of military resistance throughout 
America.” From that point, he believed that the loyalists had little hope of stemming 
the tide and switched his focus to trying to ensure that the separation from Great Brit-
ain yielded a system built on constitutional principles and working toward a reconcili-
ation of the two countries.42  Galloway ended this pamphlet by illuminating the con-
nection between the passage of the Suffolk Resolves and the events of Lexington and 
Concord, stating that “the militia in New England become embodied, in pursuance of 
the recommendation of the Suffolk resolve, and magazines of warlike stores were laid 
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up to be ready for their use. To seize one of these magazines General Gage sent out a 
party, which was attacked by the militia at Lexington.”43  In essence, Galloway situated 
the beginning of the conflict not in the events of Lexington and Concord, but in the 
endorsement of the Suffolk Resolves. 
 Galloway’s sentiments are echoed in the writings of Samuel Seabury, a New York 
loyalist and Anglican clergyman. He served as one of the first pamphlet writers to 
attack the actions of the First Continental Congress. He produced four pamphlets be-
tween November 1774 and January 1775 urging the rejection of policies adopted by 
the Congress.44 In The	Congress	Canvassed:	Or,	An	Examination	into	the	Conduct	of	
the	Delegates,	At	Their	Grand	Convention, Seabury pointed out many of the same is-
sues with the proceedings of the First Continental Congress as Galloway. However, un-
like Galloway, Seabury completed his response within a few months of the actual meet-
ing. Seabury argued that instead of unifying the colonies and the motherland, Congress 
made the “breach with the parent state a thousand times more irreparable than it was 
before.” He used the adoption of the Suffolk Resolves as an example of colonial poli-
cies which “tend to raise jealousies, to excite animosities, to foment discords between 
us [the colonies] and our mother country,” while offering no “peace and reconcilia-
tion.”45  Seabury also referred to the surprise felt by many of the loyalist persuasion 
at the actions of the First Continental Congress: “Their characters, their stations, their 
abilities…all concurred to raise my expectations that they would have been of princi-
pal advantage in the congress, by moderating and keeping within the bounds the fiery 
intemperate zeal, which it was too apparent, many of the Delegates carried with them 
to that assembly. Cruelly was I disappointed, when the account was confirmed, that 
the congress had unanimously adopted the Suffolk Resolves.”46  Seabury, along with 
other loyalists, felt the adoption of the radical Suffolk Resolves effectively limited the 
influence of more moderate delegates. Another prominent New York loyalist, Myles 
Cooper, expressed similar discontent in A	Friendly	Address	to	All	Reasonable	Repub-
licans, referring to the Resolves as the work of “rebellious Republicans” and claiming 
“that the people of Suffolk had OPENLY REVOLTED FROM THEIR ALLEGIANCE 
to the King and his government.”47 
 Thomas Bradbury Chandler, a New Jersey Anglican clergyman, offered a more 
extreme viewpoint on loyalist discontent towards the actions of the First Continental 
Congress, specifically in regards to the actions of the delegates and people of Massa-
chusetts, in pamphlets published in 1774 and early 1775. In A	Friendly	Address	to	All	
Reasonable	Americans,	on	the	Subject	of	our	Political	Confusions, Chandler provided 
his opinion of the Bostonians and leaders of the Massachusetts delegation: “they must 
be viewed in the light of vanquished	rebels, and treated accordingly. Their leaders must 
be given up into the executioner’s hands; confiscations of their estates forfeited by re-
bellion, must follow, and all must be left at the mercy of their vanquishers.”48  Chandler 
echoed the sentiments of Seabury in regards to the Continental Congress’ failure to live 
up to his expectations, noting that “the Gentlemen of the Congress, in whom we con-
fided as the faithful guardians of the safety as well as rights	of	America, were disposed 
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to enter into a league offensive and defensive with its worst	enemies	the	New	England	
and other Presbyterian Republicans.” He continued that “The fact is notorious to the 
world; it can neither be denied nor palliated; for they hastily and eagerly published…
their cordial approbation of the Suffolk	Resolves for erecting an 

.”49 Chandler viewed the endorsement of the Suffolk Resolves 
as the event which shifted everything from bad to worse, going so far as to say that “a 
rebellion is evidently	commenced in New	England, in the county of Suffolk, without 
room for retreating.”50 
 Chandler’s What	Think	Ye	of	the	Congress	Now? offered further commentary on 
the significance of the Suffolk Resolves from the viewpoint of a prominent loyalist. He 
provided a brief summary of the Resolves themselves and stated that they contained 
the ingredients of a “DECLARATION of INDEPENDENCY.”51  Furthermore, Chan-
dler reiterated his earlier claim that the passage of the Resolves amounted to “an open 
revolt and rebellion” germinating from the “people of Suffolk.”52   As soon as the First 
Continental Congress “received by express, an authentic copy of the above-mentioned 
Suffolk	Resolves, they broke through all their rules of secrecy, and, at once, gave such a 
blast from the trumpet of sedition, as made one half of America shudder.”53   He further 
claimed that “they [the First Continental Congress] ought to have sent back [the Suf-
folk Resolves] with indignation and abhorrence.”554  Chandler, like many other loyal-
ists, saw the adoption of the Resolves as the event which started open rebellion and 
believed that it did not reflect the interests of the colonies as a whole.
 Word of the passage of the Suffolk Resolves spread widely due to the decree of 
the Continental Congress that they be published in newspapers, which allowed for re-
sponses from those outside formal political circles. For instance, when officers of the 
Dunmore’s War campaign received word of the Suffolk Resolves, they adopted the Fort 
Gower Resolutions, “their own bold assertion of colonial rights and complaints.”55  
 As colonial media historian David Copeland shows, colonial newspapers primarily 
addressed local concerns or issues and events that directly impacted the local popula-
tion.56  Therefore, the printing of the Suffolk Resolves in colonies beyond Massachu-
setts suggests that they were considered to be of wide significance. Newspapers such 
as the Virginia	Gazette, the	Pennsylvania	Packet, the Massachusetts	Gazette, the Essex	
Gazette, the New	Hampshire	Gazette, and the Maryland	Gazette either reprinted the 
Suffolk Resolves entirely following their adoption by the First Continental Congress 
or included excerpts of Gage’s reactions to such events.57  In many instances, the Suf-
folk Resolves graced the front page, further testifying to the interest in the document. 
However, the papers generally simply included the text or key points without comment.
 British commentators reacted strongly to the adoption of the Suffolk Resolves by 
the First Continental Congress, offering more in-depth commentary than American 
newspapers. The	Annual	Register of London (a yearly compilation of critical world 
events) presented the fortification of Boston and the Cambridge Powder Alarm as cre-
ating “the most violent and universal ferment that had yet be known” and influencing 
the Suffolk Convention to endorse stronger measures than any previous attempt at 
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protesting the actions of Parliament.58  Additionally, The	Annual	Register noted vari-
ous county conventions throughout the American colonies, pointing out that “They all 
agreed in the main points, of holding a congress, of not submitting to the payment of 
any internal taxes, that were not, as usual, imposed by their own assemblies, and of 
suspending all commerce with the mother country, until the American grievances in 
general, and those of Massachusetts-Bay in particular, were fully redressed.”59  
 The Annual Register also provided a summary of Gage’s response and delivered 
interesting commentary on the aftermath in Boston of these actions, “Those of Boston, 
either were, or pretended to be, under continual terror, from the apprehensions of im-
mediate danger, to their lives. They were in the hands of an armed force whom they 
abhorred, and who equally detested them… Each side professed the best intentions 
in the world for itself, and shewed [sic] the greatest suspicion of the other.”60  The 
publishers of The Annual Register considered the attempt of merging varying colonial 
interests into one unified body through the First Continental Congress “undoubtedly 
a dangerous experiment to bring matters to this crisis” and questioned the need for 
secrecy.61  Since the Declaration of Rights and Grievances, a considerably milder set or 
resolutions, was described as a document that “rather reproaches us [the British] with a 
shameful degeneracy,”62  the harsher Suffolk Resolves would likely have drawn similar 
sentiments. 
 The Suffolk Resolves were reprinted, sometimes even separately from the other 
proceedings of the First Continental Congress, in a number of newspapers, including 
the Gentleman’s	Magazine,	London	Evening	Post,	The	Morning	Chronicle	and	London	
Advertiser, and The	Southampton	Hampshire	Chronicle.63  An unidentified newspa-
per report claimed that British “friends of America” would take comfort in knowing 
that endorsement of the Resolves “confounded the ministry, as by it they perceive the 
Union of the Colonies to be complete.”64 Although little commentary was included 
with the reprints, the fact that a group of county-level colonial resolutions made the 
British news suggests their significance in the eyes of at least some segments of the 
British public.
 British officials, in a variety of capacities, commented directly on the Suffolk Re-
solves, expressing great alarm at the outright rebellion they saw in the resolutions. 
Massachusetts Governor Thomas Gage received an address, in addition to a copy of 
the Suffolk Resolves, from the Suffolk Convention, printed in The Pennsylvania	Ga-
zette on September 21, 1774. This address requested Gage’s comment on the Suffolk 
Resolves and again reiterated that “the people of this county are by no means disposed 
to injure his Majestytroops [sic]; they think themselves aggrieved and oppressed by the 
late acts of Parliament, and are resolved, by Divine assistance, never to submit to them, 
but have no inclination to commence a war with his Majestytroops [sic].”65  Gage sub-
mitted a short response on September 15,1774, printed in The	Pennsylvania	Gazette on 
September 28, 1774. Gage attempted to smooth things over by defending the “general 
good behavior” of the soldiers and questioning the removal of guns “privately in the 
night from the battery in Charlestown” by Boston citizens. He further stated, “The re-
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fusing submission to the late acts of Parliament, I find general throughout the province, 
and I shall lay the same before his Majesty.”66  The Suffolk Convention responded once 
more by providing clear examples of abuse by the troops and reiterating the need for 
the reopening of the port “as nature has formed it” and argues that “the most hounour-
able method of making them [the colonists] secure and safe, will be to give the people 
of the province the strongest proof that no design is forming against their liberties.”67  
John Richard Alden, a biographer of Gage, described the Governor as “polite and gra-
cious to delegations” from Suffolk County and said he “displayed prudence and cool-
ness” towards the colonists during the situation.68  Bernard Donoughue claimed that 
“Gage’s dispatches revealed that the Commander-In-Chief’s morale was ebbing.”69  In 
his private letters to Lord Barrington, Secretary of War, in the last four months of 1774, 
Gage sounds like a prophet of doom in describing the changes in American affairs. On 
September 25, 1774, Gage wrote that the Americans had taken the Coercive Acts as 
a challenge and remarked on November 2, 1774, that the colonists would rather fight 
than give in.70  On September 17, 1774, in a letter to Thomas Hutchinson, Gage urged 
the government to suspend the Coercive Acts and ask Massachusetts to send emissar-
ies to London in an attempt to alleviate the issues illustrated in the Suffolk Resolves. 
Otherwise, he stated he would need 20,000 additional troops to end the rebellion.71 
 Governor Gage’s predecessor, Thomas Hutchinson, also reacted directly to the 
endorsement of the Suffolk Resolves. Upon hearing of the news, he commented that 
the vote was “more alarming than anything which has yet been done.” Bernard Bai-
lyn, in The	 Ordeal	 of	Thomas	 Hutchinson, argues that the passage of the Resolves 
transformed Hutchinson’s world – the plan he had worked out was “now totally irrel-
evant.”72  Hutchinson is quoted as stating that the passage of the Suffolk Resolves “are 
enough to put it out of my power to make any accommodation.”73 He further recounted 
meeting with Lord Dartmouth, Secretary of State for the Colonies, and John Pownall, 
the Undersecretary of State for the American Department, in London and finding them 
“thunderstruck” by the news.74 Hutchinson said of the issues between Britain and her 
colonies following the actions of the First Continental Congress that “so important an 
affair has not come before Parl [sic] since the [Glorious] Revolution” and commented 
that the “hostile Resolves of the Congress of Philadelphia had taken the English people 
by surprise.” In a November 1, 1774 diary entry, Hutchinson further described the ar-
rival of the Suffolk Resolves as pushing him to a point where “It is out of my power 
any longer to promote a plan of conciliation.” He recounted Lord Dartmouth saying “if 
these Resolves of your people are to be depended on, they have declared War against 
us: they will not suffer any sort of Treaty.”75 Hutchinson further remarked that “all 
plans of that sort [reconciliation] are now at an end, or at least, suspended.”76 
 Accounts of other British officials reflect similar sentiments. According to John 
Pownall’s notes of a Cabinet meeting on December 18, 1774, Attorney General Thur-
low and Soliciter General Wedderburn characterized the Suffolk Resolves as “trea-
sonous.”77 Lord Dartmouth commented on the Suffolk Resolves’ adoption, declaring 
that, in his view, this confirmed that the British government could not retreat. He con-
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demned the signers as guilty of treason and called for their vigorous punishment.78 
On November 19, 1774, in response to a series of letters and correspondence received 
from Governor Gage, King George III wrote to Lord North describing the colonists as 
“ripe for mischief” and Gage’s recommendation of suspending Parliamentary acts as 
preposterous. He stated that Britain “must either master them or totally leave them to 
themselves and treat them as aliens.”79 
 The Suffolk Resolves furthered the divide between the mother country and colo-
nies and served to crystallize the opposition to British policy into a more unified voice. 
In this sense they served as a transitional catalyst towards revolution. The First Conti-
nental Congress’ endorsement of the Suffolk Resolves gave more radical elements the 
momentum and emboldened Massachusetts in their resistance. Chances of compromise 
dimmed.80 Furthermore, the Resolves contributed to the unity or “Common Cause” of 
the colonies because the approval essentially condoned measures the colonists knew 
Britain would view as treasonous.81 As Revolutionary War archivist and author Todd 
Andrlik argued, “by sanctioning the Resolves, Congress supported deeds as well as 
words. It vowed to stand behind a revolution that was in full swing throughout Mas-
sachusetts.”82 As T.H. Breen noted, for the colonists “this moment signaled the birth of 
a united movement to resist oppression,” which the North cabinet should ignore at its 
own peril.83 While some Americans remained optimistic that the relationship could be 
repaired, British officials saw that conciliation was no longer possible. This strength-
ened the resolve of the British cabinet. As Lord Dartmouth realized, retreat was not an 
option.84 The lines were drawn long before the first bloodshed at Lexington and Con-
cord.
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Popular Entertainment in Rome and its Modern Day Counterparts
 
Tyler	Hastings	and	Michael	J.	Burnett,	MFA

Introduction

 Entertainment in every single society will always play a vital role, not only in the 
community but also through the expansion of knowledge and culture. However, enter-
tainment arguably played a much more vigorous role in Roman society, as lives were 
literally revolved around the sole aspect of enjoyment. This is also evident in our own 
society, as the American public flocks to the cinema and the arenas to enjoy violent 
movies and sports, paying a vast amount of money to experience their delights first-
hand. In the Roman Empire, culture was almost solely dependent on the several forms 
of entertainment, which consisted of various sports along with theatre. Arguably, this 
sort of culture experience is even more widespread in our society, as we have almost 
limitless exposure to instant entertainment, through such things as cable TV to Netflix, 
and this is slowly leading to different types of entertainment to form, as age old devices 
such as theatre are beginning to evolve to fit the need of its society. Also, as seen in the 
Roman Empire, the aptitude for violence is astonishing, and we as a more “evolved, 
enlightened” people tend to think those times as barbaric. However, with some per-
sonal reflection, it can be made self-evident that we tend to migrate towards violence as 
well, with blockbuster movies flooded with violence and gore. This makes it evident to 
historians that our own history as a nation, culturally and politically, greatly mirrors the 
Roman Empire. Several key things, especially the parallelism with the entertainment, 
can be seen throughout the progression of the Romans as a society and also our own 
today. Also, our own government is falling down the same path as the early Roman 
Republic. A democratic republic government runs the United States, greatly mirroring 
the early stages of the Roman people and their republic. However, due to corruption of 
the Roman senators and a leader that was granted power and put it to his own use, they 
eventually fell into essentially a dictatorship. While our government is different than 
theirs, the similarities are almost disturbing. This sort of direct comparison allows us 
to greater understand this civilization, and also reflect upon ourselves. Whether this is 
a positive or negative likeness remains to be seen. 
 The Roman Empire was founded around 750 B.C., and the influence of their cul-
ture began to be seen throughout the Punic Wars. The earliest signs of entertainment 
emerged with the Ludi festivals, which celebrated the Roman god of Jupiter, and the 
influence he had on their lives. Throughout the rest of the B.C. period, the strength of 
the Roman Empire grew, mostly by defeating surrounding states. With this inclusion 
of different cultures, the entertainment spectrum began to greatly grow, with plays like 
Pseudolus by Plautus and Phormio by Terence leading the way for Roman comedies. 



Crius: Angelo State Undergraduate Research Journal123

Also, several different forms of entertainment began to emerge during the early years 
of the republic. 
 One popular form of entertainment was the chariot races. Several different types of 
races were performed during these times, with all of them being performed in arenas 
like the Hippodrome. These races consisted of a several different outcomes, ranging 
from a simple race to the last chariot standing. The races were very intense, with some 
people being brutally murdered for the sake of entertainment, and were very expensive, 
and therefore were exclusive to the upper classes of society. This all took place in huge 
arenas known as circuses. Among the well-known arenas are the Hippodrome and the 
Circus Maximus. This colossal arena measured 621 meters in length and 118 meters 
in width. This lone stadium could accommodate over 60,000 citizens, which is mas-
sive even compared to today’s standards. Ludi, or Roman games that were connected 
to their religion, took place within this arena, along with several other games like the 
races. To compare to our own society, these sorts of races greatly coincide with NAS-
CAR, or automotive racing. With the violent tendencies shown in the crashes in every 
race, this sort of shock and awe has lasted throughout the ages and greatly appeals to 
a certain demographic in the United States. While several different types of games and 
sports have similarities to this, NASCAR truly embodies the spirit of those races. With 
high spectacle and massive stadiums that hold over 200,000 people, NASCAR has the 
sort of allure to certain types of audiences that just can’t be explained. In NASCAR 
races, you cannot go an entire race without seeing a wreck involving several cars that 
entails massive damage. This was true in Rome as well, as many of the races were to 
the death, and the last faction standing won the game. While this may seem as brutal 
and uncouth to our modern society, we ourselves are not so different, as there are 
deaths each year in horse and NASCAR races, and several wrecks per race, and we do 
not find this to be unsuitable for an audience, with millions of families flocking to the 
great stadiums. While the actual violence itself has been toned down, many things in 
these forms of entertainment today are still just as brutal and uncouth as they were over 
2,000 years ago. As a race, human beings love to watch chaos unfold before our eyes 
at high speeds, and with the chariot races and their modern adaptations, we are able to 
see large amounts of it. 
 One of the most influential forms of entertainment, not only during the Roman 
times, but throughout history in general are the gladiator fights. Gladiator fights have 
always been included as a vital part of Roman culture, and with good reason. The 
gladiator fight signified several different social aspects into Roman life, such as slavery 
and the will imposed on the lower classes by the nobility. Gladiator fights took place in 
places called amphitheaters, which mean they could be flooded with water or sand to 
create different types of warfare. The amount of work and ingenuity that went into these 
arenas is truly fascinating, and draws wonder to the architecture and tactics employed 
by the Romans. The most famous of these amphitheaters was the Coliseum, the ruins 
of which are still standing today in Rome. Construction of the Coliseum began in 70 
A.D., and was finally completed around 80 A.D. One such documented flooding of an 
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amphitheater occurred after the Punic Wars, with the Roman Emperor Claudius staging 
a great naval battle that was a reenactment of Fucine Lake. This took over thirty years 
to prepare, and consisted of 100 ships and 19,000 sailors and soldiers that formed the 
two sides in the battle, the Romans and the opposing Rhodians. (Hammer 4) The gladi-
ator fights evolved several times throughout the course of its history. At first, gladiators 
were professional fighters that were trained in a sort of gladiator school. However, due 
to the threat of private armies, these schools were soon disbanded by the state. After 
this, the demand for the gladiators grew, and the supply rose to meet it with many dif-
ferent types of people taken in. Slaves of the Roman state, conquered inferior people, 
prisoners of war, early Christians and those who volunteered now began to make up the 
gladiator masses. 
 One very interesting facet of the gladiators is the often-overlooked gender diversity 
within the gladiator ranks. While there were not many, women gladiators were very 
much a part of the entertainment spectrum. Although it is not known exactly when 
female gladiators emerged, it is believed that they were included in the early years of 
A.D. In 1996, an archaeological team found evidence of what they believed to be a 
female gladiator, with supporting evidence including Anubis with her remains, who 
was often associated with fallen gladiators (McCullough 200). This somewhat recent 
development has greatly influenced our own knowledge of the gender equality during 
this time, and offers interesting trains of thought for future research. There were several 
different types of battles throughout the history of gladiators. 
 The versatility of the amphitheaters truly began to accentuate the games, as the 
reenactments grew to battles on land, and also included man vs. beast as well. These 
events were widely attended, with mainly the aristocrats being the targeted audiences. 
Some lower class members were present also, but they were typically in poor seat-
ing arrangements and were distant from the action. The allure of these fights was the 
violence and the escape from reality that was allowed during these battles. Audience 
members could also witness great battle reenactments, which allowed them to experi-
ence their culture and history firsthand. While some gladiators had moderate success 
and became popular throughout the city of Rome, they were eventually killed in the 
line of duty. Most gladiators didn’t live past their first few games, with the most suc-
cessful living through ten games and never past the age of 30 (Hammer 6). 
 While we view this as completely barbaric and manic, their society viewed this as a 
suitable form of entertainment and deemed this as enjoyable. The gladiator fights were 
extremely popular throughout the Roman republic and empire, with hundreds of thou-
sands in attendance at events. This was truly remarkable that something so brutal and 
inhumane could attract so many people and hold their interest for such a long period of 
history. Several amphitheaters were built all around the Roman territory, and for some 
of the smaller civilizations this was the only form of entertainment they could provide 
for their citizens. Most of these arenas were very large in scale, but some of the smaller 
cities had smaller amphitheaters, and usually placed them outside the town due to their 
size. In today’s society, there are several different sports and forms of entertainment 
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that are easily relatable to the gladiator fights in Rome. With modern entertainment 
such as movies, there is a growing call for gore and violence, and our society is slowly 
adapting to the increase of such things. While we criticize the Romans for watching 
brutal murders, we tend to watch movies and TV shows that highly dramatizes murder 
and violence, and even celebrated movies over the gladiator fights. Almost every movie 
that is not intended for children has violence in it now, and we are deeming this accept-
able, just as the Romans did with their entertainment for the masses. Also, as Ameri-
cans, and particularly Texans, we love our football. We build huge arenas to watch our 
favorite teams, and we flock to stadiums every Saturday and Sunday to watch them 
play, much like the Romans. Also, the sport of football is also similar to the fights that 
took place during these times. Football is a very violent sport, with men who build up 
their bodies to the peak of human physicality for the sole purpose of taking other men 
to the ground over a ball. It is truly amazing to think that in 2,000 years civilizations 
could be studying our sports and entertainment and conclude that football was com-
pletely barbaric and inhumane. 
 Also, the spectacle-filled sport of wrestling greatly parallels the grisly fights in 
the Roman Empire. With great emphasis on the personality of the individual wrestler, 
we see some of the same support for individuals as was common for gladiators. Also, 
wrestling is packed with spectacle and different styles of fights, such as cage matches 
and ladder fights. The emergence of mixed martial arts fighting also allows for reflec-
tion, as pitting two combatants against each other, and having the victor declared after 
a brutal fight is almost hand-in-hand with gladiator combat. With a vast amount of 
options, this greatly compares to the amphitheater fights. The gladiator fights are prob-
ably the most well known form of entertainment for the Romans, and it is also the most 
relatable to our culture with its violent tendencies, as well being widely attended. It is 
astounding to think of the amount of people who died in the arena, and also those who 
apart of the audience. This kind of escape from everyday life, which is essentially what 
entertainment consists of, is what the masses of the Rome society longed for. 
 The most common denominator for all of these forms of entertainment lay in the 
ever-changing performance art: theatre. Although Greece, often drawn together with 
Roman history, was more supportive of the arts, the Roman state became known for its 
practicalness, such as law, engineering and military conquest. This sort of focus was 
also seen in the presence of its theatre. Unlike the Greeks, the Romans tended to write 
and perform simple comedies, with the primary reason of entertaining the civilians. 
This early form of comedy first began to emerge through the Atellan	farces (Goldfarb 
62). Most likely, a group of Greek mimes migrated south of Rome and began to influ-
ence the surrounding people, and this started to establish some performance art. How-
ever, the greatest influence on Roman theatre was the Greek theater. Essentially, Greek 
creativity and art were the building blocks of the entire entertainment spectrum for the 
Romans. They borrowed innovations and thought processes freely from the Greeks, 
and typically did not revolutionize the theatre. However, major Roman festivals began 
to incorporate theatre as a way to worship their gods. The first festivals to do so were 
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the Ludi festivals; they were dedicated to Jupiter, and allowed for staged activities 
starting around 240 B.C. However, only three true Roman playwrights’ works have 
survived the test of time: Plautus, Terence, and Seneca. Plautus (254-84 B.C.) emerged 
as one of the great comic Roman writers (Goldfarb 64). Heavily influenced by the 
Greeks, plays like Pseudolus	and	Miles	Gloriosus paved the way for Roman comedy. 
Terence (185-159) followed Plautus in a similar writing style. Combining two Greek 
plays for his own, Terence had a considerable impact on the Roman comedic spectrum 
as well. However, Seneca (4 B.C.-A.D. 65) is largely considered Rome’s greatest tragic 
writer. Tutor to the Roman emperor Nero, Seneca took Greek myths, and transposed 
them into Roman culture and language. However, Seneca’s version of these plays en-
tailed some slight alterations, as in his version of Oedipus, the titular character actually 
blinds himself. The presence of tragedy is obvious, but the Roman people tended to 
prefer comedies and simple festivities to them. This is where the similarities began to 
stretch for the Romans and modern day Americans. In the United States, theatre is very 
much an active art, with new works and trains of thought encouraged. The genres of 
theatre performed are extremely diverse, and also incorporate several different styles of 
art into the works. However, the average American would prefer to watch an easygoing 
comedy over a tragedy. Over the past few decades, comedies have pulled in 54.9 billion 
dollars, as compared to the 38.94 billion for drama (Statista). This preference greatly 
compares to the Roman culture finding solace in comedic writing, and also shows that 
we prefer laughing to crying. While this is somewhat disheartening due to the great 
works of art that possibly being underappreciated, humanity has time and time again 
proven to express their need to laugh. 
 The similarities between the Roman state and the United States is particularly 
eerie, considering how the Romans fell. Throughout their entertainment spectrum, the 
Romans idolized violence, historical interpretations, and carefree entertainment. This 
is also seen throughout ourselves, as every year millions of Americans tune in to watch 
their favorite team or athlete, and flock to movies with a heavy depiction of violence 
and comedic situations. While this is somewhat disheartening to know that we greatly 
resemble a state that was thriving 2,000 years ago, this comparison allows us to gain a 
greater knowledge of not only ourselves, but also the human race as a whole. 
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Abstract

 F.W. Murnau’s Nosferatu has long been hailed as a classic horror film, serving as 
an inspiration for the vampire films that followed. Yet, the film is more than a simple 
vampire story; debates have raged for years over the sexual undertones and the subtle 
twisting of traditional gender roles in the film. This is especially true of Count Or-
lok, the film’s titular Nosferatu. While some scholars place Orlok in a strict gender 
dichotomy, I will argue that Murnau’s vampire transcends the sexuality and gender 
binaries and is inherently androgynous and nonheterosexual. In fact, Nosferatu could 
well serve as a reflection of the gender nonconformity that was becoming common in 
1920s Germany. The film itself provides many symbols that allude to gender noncon-
formity, which is also evidenced by the actions of the vampire. These twists in gender 
and sexuality have been the film’s biggest contribution to vampire film, with many 
contemporary vampires keeping similar traits.

*****

Introduction

 Enigmatic, seductive, and bloodthirsty, the vampire is one of the most endur-
ing creatures in the human consciousness, and nowhere is this more ap-
parent than in film. Indeed, film seems to be intimately linked to the vam-

pire, as many early films told vampire stories. Though not the first vampire film , 
F.W. Murnau’s Nosferatu is one of the most intriguing, as it had a long-lasting impact 
on how gender and sexuality were presented in the vampire films that followed.  Al-
though Bram Stoker’s Dracula is often credited with creating the modern vampire, it 
is more often influences of Murnau’s vampire that appear throughout contemporary 
vampire film.  Murnau’s vampire, while on the surface presented as the heterosexu-
al male Count Orlok, clearly demonstrates through his appearance and behavior an 
identity that is neither entirely male nor entirely heterosexual. Although modern film 
vampires usually bear almost no physical resemblance to Murnau’s vampire, they do 
often reflect Count Orlok’s ambiguous sexuality and his androgynous gender. Using 
the predecessors of Nosferatu, the film and its surrounding culture, I will demonstrate 
that Murnau’s vampire exhibits an ambiguous, nonbinary sexuality and an androgy-
nous gender identity. I will examine the traits of sexuality and gender exhibited by 
both the vampires of folklore and literary vampires prior to Nosferatu’s release. I will 
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then examine the ways in which these traits are presented in Murnau’s film through its 
characters, symbols, and the influences of the surrounding Weimar culture. Using the 
vampire films that followed Nosferatu, I aim to represent the wealth of vampire films, 
dating from 1931 to 2010, analyzing the representations of gender identity, sexuality, 
and androgyny within the films’ vampire characters. This analysis will provide evi-
dence that the current trend of sexually ambiguous and androgynous vampires links 
directly back to Murnau’s 1922 film.

Literary & Folkloric Background

 To understand how sexuality and gender are portrayed in Nosferatu, it is important 
to first examine the materials that would influence Murnau’s film. Murnau’s vampire, 
though Dracula is often cited as the primary influence, is based upon many different 
sources, including traditional folklore and literary fiction. Murnau’s vampire, rather 
than being based on a particular type, is an amalgam, showing traits of both literary and 
folkloric vampires, although the literary models have been the more influential ones, as

 [t]he fictional vampire tends to be tall, thin, and sallow, the folkloric vampire is  
 plump and ruddy, or dark in color…. The two would be unlikely to meet socially,  
 for the fictional vampire tends to spring from nobility and to live in a castle, while  
 the folkloric vampire is of peasant stock and resides (during the day at least) in the  
 graveyard in which he was buried. (Barber 4)    

 However, Murnau’s vampire does share one thing with the vampire of folklore, 
and that is a sexual component. Indeed, Erin Collopy notes that “[o]ne big thing that 
seems to follow throughout (history) is there’s a strong erotic element that’s associated 
with the vampire…” (Musico n.p.) and indeed, when it comes to male vampires in 
folklore, “[s]ometimes his subordinates are all women, and his attacks usually have a 
pronounced sexual component: he is magnetic, irresistible, and deliberate… as though 
he knows that the lady really wants it this way”  (Barber 83).
 Yet, the vampire of folklore is not always male. The life of Countess Elizabeth 
Báthory de Ecsed of Hungary, who tortured and murdered several young girls in her 
charge, presents one of the most illustrious cases of vampire folklore. Later reports 
would claim that Báthory would bathe in or drink the blood of her victims in order to 
stay young. While Báthory’s true motives have never come to light, it is possible that 
there was a sexual component to the murders that was also incorporated into local 
legend. Thus, the earlier vampire legends create vampires that are not strictly hetero-
sexual, but may be homosexual as well, a trait that would emerge in literature and later 
be cemented in film by Nosferatu. Other female vampires can be found in the legends 
of the true undead as well; e.g., Philip Rohr  notes in his 1679 treatise De	Masticatione	
Mortuorum that, when examining cases of noises coming from graves, “although both 
the corpses of men are known to have grunted, gibbered, and squeaked… it is more of-
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ten the bodies of the weaker sex who have thus uttered curious voices” (Summers 184). 
These vampires of folklore would endure a transformation as they entered literature. 
Most notable is the switch in the vampire legend’s emphasis from gaining life force 
through the blood of others to being adorned with more erotic aspects.
 The portrayal of the vampire as a sexual being has been present since the beginning 
of the vampire legend, but it is in European literature where the vampire’s sexual am-
biguity and androgyny is first widely spread. Indeed, it appears that Murnau’s vampire 
owes much more to these literary concepts, which stray outside of sexual and gender 
norms, than to the vampire representations in traditional folklore. Literary vampires 
that would challenge the gender and sexuality binary would appear throughout the 
nineteenth century, though Murnau’s film would be the first vampire film to make par-
ticular use of them, influencing films that would follow decades later. These elements 
would include literature’s penchant for erotic and homoerotic subtext, as found in such 
stories as Bram Stoker’s Dracula and Sheridan Le Fanu’s Carmilla.  Other elements 
that would be found in Murnau’s film that originate in European literature include the 
subversion of traditional gender roles and the empowerment of women, as is found in 
Karl Adolf von Wachsmann’s Der	Fremde and E.F. Benson’s The	Room	in	the	Tower. 
Even the physical attributes of Murnau’s vampire were inspired by earlier literature. 
The physical appearance of Count Orlok feels like it has been ripped from James Mal-
com Rymer’s 1845 novel Varney	 the	Vampyre; both sport the same “long nails that 
literally appear to hang from the finger ends” (29) of “a long gaunt hand, which seems 
utterly destitute of flesh” (29) as well as the same “gigantic height… and… horrible, 
protruding, white face” (29). Rymer’s vampire also moves with “a strange, gliding 
movement” (29) that is very similar to that found in Nosferatu.  Most of these physical 
characteristics, when seen on Murnau’s vampire, exude a feminine quality that adds 
to the vampire’s androgyny. Another element found in Nosferatu that has its roots in 
literature is the vampire’s blurring of traditional notions of gender and sexuality, where 
the vampire often acts as an archetype of various forbidden sexualities and gender 
identities.  One of the most famous vampire stories of the 19th century, J. Sheridan 
Le Fanu’s 1872 short story Carmilla, demonstrates this perfectly. Carmilla presents a 
story in which the two primary characters, Carmilla and her unnamed victim, are fe-
male. In fact, Le Fanu paints the relationship between the two as homoerotic, as shown 
when Carmilla “take[s] [her victim’s] hand and hold[s] it with a fond pressure, renewed 
again and again; blushing softly, gazing in [her] face with languid and burning eyes, 
and breathing so fast that her dress rose and fell with the tumultuous respiration” (n.p.). 
This scene, as well as others where the two kiss and declare their love for one another, 
clearly illustrate that this is more than simple friendship.  
 In Nosferatu we also encounter a very strong female character in Ellen, who defies 
conventional gender norms. This idea of a woman usurping male power could have 
been inspired by Karl Adolf von Wachsmann’s 1844 tale Der	Fremde. Der	Fremde is 
a text Murnau likely knew, as it originated in Germany and was widely known in the 
country. While the story’s vampire Azzo is placed in the traditionally masculine role of 
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the knight and male aggressor (portraying him as having victimized women even be-
fore his death), it is not a male who must destroy the vampire, as is the case in Stoker’s 
Dracula, but the vampire’s victim, the young woman Franziska. Indeed, Franziska, 
rather than being used as a simple excuse for a male hero to do battle with a terrible 
evil, is competent enough to do the deed herself, with males only offering practical 
instruction and prayer. Woislow, another knight, trusts her to dispatch Azzo, stating 
that “…und weil ich Euch dieses zutraue, schlage ich Euch ein Mittel vor, für dessen 
Gefahrlosigkeit, wie für dessen Erfolg , ich mit meinem Leben haften will, vorausge-
setzt, daß Ihr es genau nach meiner Vorschrift anwendet” (“and it is because I trust you 
that I propose it at all, although for the real harmlessness of the remedy I will answer 
with my life, provided you follow my directions exactly”) (von Wachsmann 200). As 
Murnau would have most likely been familiar with this story (it is possible that Stoker 
was as well), it is possible that it was	Der	Fremde, and not Stoker’s Dracula, that pro-
vided his primary source of inspiration. Franziska is independent and betrothed to an 
effeminate man, so called by her because he did not leave to fight in the war against 
the Turks. In much the same way, Murnau’s Ellen is independent and must protect her 
incapacitated husband. While it could be argued that Dracula’s Johnathan Harker dis-
plays feminine characteristics as well, this appears to be linked to the fact that Harker 
is conceptualized as a Romantic hero rather than as a weak male who is juxtaposed to 
a strong female. Wolves play an important role in Dracula, but Murnau chose to use 
hyenas in his film. Murnau’s use of the hyena might have had its roots in Wachsmann’s 
short story as well; though hyenas are not present in Der	Fremde, the party is attacked 
by “Rohrwölfen,” or reed-wolves, which appear to be the jackals native to the Balkan 
Peninsula. Though not specifically connected to sexuality, the jackal, like the hyena, is 
a devourer of the dead in folklore, and the story notes that it is the female reed-wolves 
who will lead the attack (von Wachsmann 134). 
 As illustrated, many stories and legends played an important role in shaping Nos-
feratu. However, it is Stoker’s 1897 novel Dracula which Murnau is most accused 
of using (and plagiarizing) in his film. There are some similarities: the nails of both 
Dracula and Orlok are “long and fine, and cut to a sharp point” (Stoker 26), but those 
of Murnau’s vampire are exaggerated to a point that Murnau could be attempting to 
accomplish something else, as shall be demonstrated later.
 Overall, Murnau seems to have taken little influence from Stoker’s vampire when 
he created Orlok’s physical appearance: Dracula is a large man, “with a strong [face]… 
aquiline, with a high bridge of the thin nose… with lofty domed forehead, and hair 
growing scantily round the temples, but profusely elsewhere… hands… rather coarse- 
broad, with squat fingers….” (Stoker 25-26). However, the attitudes towards gender 
and sexuality displayed in Dracula became decidedly relevant for the character design 
of Murnau’s expressionist film Nosferatu. Britain in the 1890s, in which Stoker pub-
lished Dracula, and Germany in the 1920s, in which Murnau filmed Nosferatu, were 
both periods that were marked by rising gender equality and a challenging of tradi-
tional gender roles, though the pieces handled these changes differently. The historical 
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context of Stoker’s novel is important, as “the decade in which Bram Stoker wrote and 
published Dracula was one of unprecedented anxiety and uncertainty about the social 
roles, sexual nature, and natural spheres of activity of men and women” (Eltis 450). 
This anxiety is mirrored in the portrayal of the novel’s vampire attacks which carry 
clearly erotic overtones, from the ravaging of Harker’s neck by Dracula’s beautiful 
vampire brides to the passionate attraction between Mina and Dracula, and even the 
often-perceived homoerotic overtones in the encounters between Dracula and Harker. 
It has been noted that “the action within… Dracula consists… in an extended battle 
between two evidently masculine forces, one identifiably good and the other identifi-
ably evil, for the allegiance of a woman” (Craft 116). Dracula’s love of the wolf and 
his ability to transform into one could be a link to the ancient symbolic nature of 
the wolf as a symbol of the voracious, masculine sexual predator. However, it is the 
novel’s concept of crossing gender boundaries, whether it is Dracula attacking Harker 
or Lucy becoming a sexualized force for evil by succumbing to Dracula’s bite, which 
becomes the major conflict within the novel. Indeed, within the novel “the traditional 
dualism most vigorously defended…and most subtly subverted… is… sexual: the divi-
sion of being into gender, either male or female. Indeed… the vampiric kiss excites a 
sexuality so mobile… that it threatens to overwhelm the distinctions of gender” (Craft 
117). However, it is not just Stoker’s vampires who cross traditional gender boundar-
ies: Mina, “despite… mocking references to the New Woman… is possessed with a 
number of her commonly recognized attributes” (Eltis 459), and is shown to be intel-
ligent and professional as well as having the desire to care for her husband. Indeed, it 
is never Mina who breaks down into feminine hysterics, but the men with whom she 
associates; they do so despite their homosocial behavior, which is displayed to rein-
force their masculinity. They are sensitive Romantic heroes, whose male identity is 
still very much emphasized despite their occasional bouts of feminine behavior. In the 
end, it is this combination of the masculine and the feminine that serves as the novel’s 
saving grace, as Count Dracula and the novel’s “sexually predatory vampiric women 
vividly enact a… cultural panic, but they are defeated by a fluid and surprisingly mod-
ern combination of masculine and feminine qualities” (Eltis 465). It is this blending of 
the masculine and feminine that would reappear in Nosferatu and pave the way for the 
portrayals of the vampire in contemporary film. However, Murnau’s film would create 
a blending different from the one Stoker utilized: Murnau’s characters, and especially 
his vampire, are not strictly defined males or females who have attributes of the other 
sex, but instead they blur gender lines so that the viewer no longer knows who is truly 
male and who is truly female.  
 The post-Dracula literature would continue the vampire’s legacy as a creature that 
transcends sexual and gender boundaries.  Among the most fascinating is actually an-
other story from Stoker, Dracula’ , which was originally meant to serve as a 
chapter in his novel. Removed in order to shorten the book and not published until 1914, 
Dracula’s	Guest displays the same erotic undercurrents that ran throughout Dracula, 
and it also features the wolf as a masculine sexual symbol, as the story involves an 
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unnamed man (though many presume it to be Harker) being attacked by a wolf. Yet, 
the attack is not something one would expect from a wild wolf; there is no mauling or 
clawing, nor does the attack happen outdoors. Instead, the unnamed Englishman awak-
ens in his bed to find the great wolf “lying on [him] and licking [his] throat” (Stoker 
170-171). Rather than attacking the Englishman in the woods, this wolf, often assumed 
to be Dracula, instead attacks his victim in the most intimate of places, the bedroom, 
and rather than simply killing him, licks at his neck before any sort of penetration oc-
curs. Although this creates a homosexual subtext, the emphasis is placed instead on the 
wolf as a symbol of masculine sexuality. Even though the sexuality is homosexual in 
nature, the domineering and predatory nature of Stoker’s wolf is inarguably masculine. 
This masculine identity and sexuality is something which Murnau would later subvert 
by replacing the wolf with a hyena, an animal with a far different symbolic meaning.
 The female vampire would also return after Dracula’s publication, though not as 
a bride, but as a major player. Of particular interest is E.F. Benson’s The	Room	in	the	
Tower. Here, the vampire is, like so many others, female. Yet that is the only similar-
ity Benson’s vampire, Mrs. Stone, has with most other literary female vampires. This 
female vampire exhibits unusual characteristics compared to other female vampires; 
in fact, she could be called masculine, meaning that the character of Mrs. Stone fur-
thers the vampire’s long history of subverting traditional roles. Mrs. Stone intention-
ally and relentlessly targets a male victim without any particular motive besides simple 
malice, yet rather than taking advantage of any sort of seduction or ruse, Mrs. Stone 
acts as a cold, calculating predator, taunting her victim for years with the same reoc-
curring nightmare. Mrs. Stone is never described as beautiful, vulnerable, or feminine 
at all, only as a being of pure malice, with “an exuberance wholly malign, a vitality 
that foamed and frothed with unimaginable evil” (Benson 219). Even her portrait is 
described in a way as to suggest nothing but pure evil with an expression “instinct 
with some secret and appalling mirth… shaking with suppressed and nameless glee” 
(Benson 219) plastered on her face. This vampire has nothing of the traditional “femme 
fatale” vampire in her; she is not seductive, or a victim, or even someone who simply 
has a naked self-interest, but instead, Mrs. Stone is a purely evil being with no remorse.  

Nosferatu

 As we have seen, the literary vampire has a history of subverting traditional gender 
roles and sexuality. However, it is Nosferatu that would cement this trait as a staple 
of vampire films by creating, though not the first film vampire, the first androgynous 
and sexually ambiguous film vampire. There is a trend in vampire cinema that “vam-
pires in the movies are usually bisexual, often letting ambiguity hover… But Murnau’s 
Nosferatu would seem to be the prototype of another gender, not least because of the 
vampire’s many animal features” (Elsaesser 86).  Orlok’s appearance is the first clue 
to his gender and sexual identity; as previously mentioned, the vampire looks remark-
ably like Rymer’s vampire , with little to no influences from Count Dracula. Orlok’s 
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frail, slight body, “totally bald with an evil witch-like hook nose and protruding eyes,” 
(Hensley 62) is not something that would be considered traditionally masculine; it is 
the exact opposite, a feminine body. In many of Murnau’s films, including Nosferatu, 
it is apparent that “although the representation of the feminine is not necessarily stable 
. . . examples can be found of a clearly-coded feminine displaced onto the body of 
an aestheticized male-gendered character” (Bergstrom 194) and that “femininity, in-
sofar as it can be associated with eroticism or sexuality, has been displaced from the 
woman’s body to several kinds of substitutes” (Bergstrom 189), such as the innocent 
Hutter, who needs to be saved by his wife Ellen, who acts as the hero, a typically male 
role. This certainly seems to be the case with Count Orlok, whose interactions with the 
other characters of the film also provide clues about this vampire’s ambiguous identity.  
 Williams has argued that “the vampire Orlock [sic] (Max Schreck) illustrates an 
inhuman sexuality which is both repellent and powerfully seductive” (95-96), and no-
where is this clearer than in Orlock’s relationships with the other characters in the 
film. Orlok, in this adaptation, has no vampire brides with whom to seduce Hutter or, 
in fact, with whom to entertain himself. Hence, it could be that “the disappearance of 
female vampirism suggests that the dichotomy which characterizes the representation 
of female sexuality in the novel is replaced… by a profound ambivalence” (Mayne 30). 
Instead of being linked to the sexualized “vamp” women of the novel, Orlok is chiefly 
concerned with males prior to coming across Ellen. Beyond the obvious homosexual 
implications of Orlok’s master-slave relationship with Renfield, Orlok’s relationship 
with Hutter also provides evidence towards Orlok’s nonheterosexual identity. Hutter 
and Orlok’s interactions are often seen as homosocial, but there appears to be an under-
lying homosexual subtext as well. Hutter is attacked by Orlok as he sleeps, and again 
in his bedchamber, clearly very intimate settings. However, the vampire’s interest in 
women, including Hutter’s wife Ellen, negates that Orlok is exclusively homosexual. 
This heterosexual relationship is just as telling as the homoerotic relationships Orlok 
entertains with Hutter and Renfield. The relationship between Orlok and Ellen is more 
passionate, predatory, and lustful than the puppy love shared between Hutter and El-
len. In fact, Ellen, rather than being simply the object of desire for Hutter and Orlok 
to fight over, serves as a more important character. Ellen’s character clearly reflects 
Franziska’s in Der	Fremde, who, like Ellen must free herself from the vampire’s grasp, 
while the men stand back, either passive (as in the case of Hutter) or as simply offering 
practical or spiritual advice or guidance (as in the case of Woislow). Ellen must become 
independent and sexual in order to defeat the vampire, giving herself over to this pas-
sionate relationship willingly and dying in the process. Ellen becomes, in her sacrifice, 
the hero of the tale, rescuing her helpless husband and further twisting the gender ex-
pectations of the film’s viewers. Thus, the blending of both masculinity and femininity, 
and that of heterosexuality and homosexuality, becomes the major foci Murnau’s film, 
creating characters that defy gender norms as well as sexual ones not by subverting 
them, but by blurring them. 
 Perhaps the most unusual allusion to Orlok’s ambiguous gender and sexuality can 
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be found in Murnau’s use of the hyena in Nosferatu. The animal serves as a stand-in 
for a werewolf, though the hyena looks nothing like a wolf and was most likely harder 
to obtain than one of the wolves native to the Carpathians. As vampires have been 
traditionally associated with the wolf in folklore and literature (the work of Stoker in-
cluded), at first glance the change from wolf to hyena in Nosferatu makes little sense. 
The hyena also makes no appearances in vampire folklore, meaning that this is not 
harkening back to some less well-known legend or archetype of vampire lore. While 
it could be a reference to the von Wachsmann text, as both jackals and hyenas serve as 
archetypal devourers of the dead in folklore, the hyena’s role in folklore also relates 
intimately with concepts of sex and gender, specifically as they relate to the trans-
gression of traditional gender and sexual norms. This would seem to indicate that the 
hyena’s placement serves another purpose entirely. On top of being a devourer of the 
dead, “for centuries natural historians declared that the hyena… could change its sex” 
due to the “extreme similarity of the genitals of both sexes” and that, because of this, 
“the hyena could typify sexual perversion or any kind of unnatural behavior” (Rowland 
112). The hyena “is regarded as unclean because of this dual nature” (Werness 234), 
meaning that by using hyenas Murnau could have intended to place the behavior of his 
vampire in the very specific context of non-binary sexual behavior and gender expres-
sion. The association of the hyena with sexual predation and exploitation was already 
present in Weimar film, being used in the title of the film Hyänen	der	Lust, a 1919 film 
about human sex trafficking. Murnau’s change in his choice of animal symbol for his 
vampire from wolf to hyena creates an interesting change in symbolism, as the wolf 
“carries a vague sexual connotation… [and] has a predatory interest in girls ” (Rowland 
161). However, Murnau‘s hyena is by its nature associated with androgyny and, in fact, 
femininity, “while both ancient and modern texts depict the hyena as sexually aberrant 
in a variety of ways, it comes increasingly in modernity to figure a specifically female 
deviance of gender norms” (Wilson 757). The transgression of the hyena, and thus 
that of Murnau’s vampire, create “a terrifyingly all-or-nothing position: to transgress 
gender is to transgress everywhere” (Wilson 758), as the vampire is not simply a sexual 
or gender transgressor, but a killer and blood drinker.  However, the issue of deviance 
with the hyena may not simply be femininity, as portrayals “of the medieval hyena sug-
gests that sexual aberration is… its key attribute, and also that what is especially to be 
anathematized… by way of the hyena is male homosexuality” (Wilson 762). Thus, in 
associating Orlok with the hyena, Murnau underscores the unspecific gender traits of 
this vampire and of those the vampire targets.    
 Nosferatu’s portrayal of gender and sexuality are reflective of the larger Weimar 
culture in which the film was made. The 1920s were marked by changes in gender 
roles, seeing “the emergence of a new social system in which many women went out 
to work” (Lacquer 83). The 1920s were also a time when traditional notions regarding 
gender and sexuality were being questioned, thanks in part to Magnus Hirschfeld’s  
Institut	für	Sexualwissenschaft (Institute for Sexual Research), founded in 1919, which 
portrayed homosexual, bisexual, and transgender identities not as illness, deviance, 
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or immorality, but as simply different points on a spectrum of normal human sexual-
ity. During the 1920s, numerous bars and publications catered to gay, bisexual, and 
transgender patrons. There were at least eight known clubs catering specifically to les-
bians and fourteen gay magazines in Berlin alone (Gordon 84-88, 110-114). Murnau, 
himself a gay man, was a part of the thriving LGBT culture of Berlin, likely gaining 
inspiration from the ideas of these publications and frequenting some of these clubs. 
Nosferatu was not the only film that was influenced by this more open approach to hu-
man sexuality; many of the films of Weimar Germany examined the issues of sexuality 
and gender in more sympathetic and open ways than Nosferatu, such as Richard Os-
wald’s 1919 film Anders	als	die	Andern	(Different	from	the	Others) and Georg Wilhelm 
Pabst’s Pandora’s	Box (1929).   
 Sexuality and the occult would also become linked during this period, meaning 
that Murnau’s sexually ambiguous and androgynous vampire was a fitting figure for 
the time. “Occultism, nudism, [and]… the cinema” (Lacquer 35) were all very popular 
and influential to the Weimar culture and popular subjects with moviegoers of the time, 
so a melding of aspects of the three would be expected. Indeed, the vampire as a sexual 
creature found a home in Weimar Germany, where “fantasies of female vampires and 
male supplicants in their thrall jumped from the notepads and canvases of Austrian and 
German artists into the vast popular imagination” (Gordon 174-177). In fact, sex and 
the occult were so intertwined that Berliners regarded sex as “a sacred rite or miracu-
lous proof of some paranormal lattice where supernatural fate and deviant desires had 
become intertwined” (Gordon 193). Even the production of Nosferatu was directly af-
fected by the mixing of sex and the occult, as “between 1926 and 1928, … Albin Grau 
(the set designer for F.W. Murnau’s vampire epic Nosferatu), [helped to found] a new 
occult secret society… the Fraternitas Saturni” (Gordon 225), which touted such theo-
logical ideas as the existence of Berbelo, a female mirror-image of God which sparked 
creation. Considering the presence of at least one individual on set involved with the 
occult and the popularity of the occult in the surrounding culture, it is no surpise that 
Murnau was influenced by these elements when he created the character of Orlok and 
created a film that reflected the growing connection between sexuality and the occult 
in Weimar culture.

Nosferatu’s Influence on Contemporary Vampire Films

 In Nosferatu, Murnau created a vampire that transgressed against traditional no-
tions of sexuality and gender, and the fact that this was the first vampire film to gain 
much notoriety means that this was also the first highly influential vampire film. The 
films that would follow would create various kinds of vampires, but the trend toward 
gender and sexual ambiguity started in Nosferatu is one of the most well-known traits 
of the modern film vampire. While other films, such as those found in the 1980s, would 
attempt to create strictly masculine vampires that were homosocial rather than homo-
sexual, these portrayals would not endure; the vampires of film would blur traditional 
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lines of gender and sexuality for decades, most often with a male-identified vampire 
stepping into the realm of the feminine, though masculine female vampires have been 
portrayed as well.  
 Dracula (1931), directed by Tod Browning and starring Bela Lugosi, was perhaps 
the first notable vampire film to be released after Murnau’s film. Browning takes a 
rather different look at the vampire than Murnau’s film does. Dracula is certainly based 
on Stoker’s novel  and this vampire is very clearly a masculine figure as opposed to 
the androgynous vampire of Murnau’s film. In this film, Dracula is noble, seductive, 
and charismatic. While he does feed on male victims, Dracula’s masculinity is strongly 
emphasized by the reintroduced vampire brides that were conspicuously absent from 
Murnau’s film. However, rather than leaving Harker for his brides, as he does in the 
novel, Dracula attacks Harker himself, showing a deeper interest in him than is the 
case in the novel, a possible reflection on the homosexual subtext between Orlok and 
Hutter within Murnau’s film. Dracula’s first victim upon landing in England is a young 
woman, and the attack is eerily reminiscent of the popular image of the 19th-century 
serial killer Jack the Ripper, popularly depicted as an English gentleman. In the film 
as in the novel, Dracula begins to slowly change Mina into a vampire, something that 
does not occur in Murnau’s film. In the film and the novel, it is a male outside force, 
Van Helsing, who interrupts the process.        
 After the release of Dracula (1931), Roman Polanski’s The	Fearless	Vampire	Kill-
ers (1967) in the 1960s would return to the sexually ambiguous and androgynous vam-
pire originally found in Murnau’s film, possibly due to changing attitudes regarding 
sex that were brought about by the sexual revolution. The film has several vampires, 
but only two get a significant amount of screen time. The first, Count von Krolock, 
while noble and sophisticated, is, much like the 1931 interpretation of Dracula, inargu-
ably masculine, hatching devious schemes and pursuing beautiful women, including 
red-headed Sarah, played by the late Sharon Tate. His son Herbert von Krolock, by 
contrast, is similar to Orlok, as he exhibits a far less clear-cut gender identity than 
his father and shows signs of a homosexual orientation. Herbert, while he is sophisti-
cated like his father, is soft-spoken and delicate, with flowing blonde hair and favoring 
powder blue clothing over the traditional black. His appearance acts as a more blatant 
transgression of traditional masculinity than Orlok’s sallow, frail body, but the intent 
to demonstrate feminine qualities is the same. Herbert’s (homo)sexual orientation, 
like Orlok’s, is implied throughout the film without ever being explicitly stated. When 
Alfred, assistant to the vampire-hunting professor Abronsius, is reviewing a book on 
romance, Herbert enters the room in his bedclothes and attempts one of the tactics in 
the book for seduction, the placement of an arm around the shoulder, on Alfred. This 
appears to mirror Orlok’s predation of Hutter, albeit in a comedic fashion. The fact that 
this is an act of seduction rather than a simple act of predation is made much clearer 
when Count von Krolock, upon revealing his plot to turn Alfred and Abronsius into 
vampires, states that Herbert and Alfred are to keep each other company in the coming 
years. While Herbert does not exhibit the same physical appearance that Orlok does, 
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as this film’s comedic nature does not share the expressionist genre’s emphasis on the 
grotesque, both vampires exhibit the same predatory seduction toward men and a simi-
lar blending of masculine and feminine traits.
 Nosferatu the	Vampyre (1979), directed by Werner Herzog, expands upon the am-
biguity of sexuality and gender identity evoked in the original Nosferatu; the vampire 
sports the same long nails, lithe body, and rat-like face: the look quintessential to the 
public image of Murnau’s vampire. However, there is more subtext in regards to the 
sexuality and gender of Murnau’s vampire here than in the original film. This vampire, 
now not limited to silence, is given a very soft-spoken, almost timid voice, presumably 
a more feminine characteristic. The vampire’s interactions with Lucy also serve to 
demonstrate his femininity. This is shown very clearly when the two discuss Johna-
than; it is revealed that ever since Johnathan was bitten by Nosferatu, he has been 
“ruined” for Lucy in the way one might consider one’s partner to be ruined or changed 
after an affair. It is during this conversation that Nosferatu reveals that he envies the 
love that Lucy and Johnathan have for each other and that he wishes that he could feel 
that same form of love. In this case, Nosferatu could be seen as a stand-in for a gay man 
who feels envious of the socially accepted love of someone, a love that he can never 
feel. Orlok could also be seen as “ruining” Johnathan for his heterosexual partner Lucy 
by allowing him to realize his true sexual orientation. The fact that this discussion is 
added to the story of Graf Orlok points to director Werner Herzog’s reading of sexual 
and gender ambiguity in Murnau’s film, as it is unlikely that this added subtext would 
appear otherwise.
 In a rather striking development, the androgynous and sexually ambivalent vampire 
seems to disappear during the 80s, though it would resurface with Interview	with	the	
Vampire in 1994.  The films from this decade instead take their cues from more clearly 
masculine vampires, such as the one portrayed in Universal Studios’ Dracula (1931). 
These films also reflect the masculinity-reinforcing culture of the decade, which popu-
larized the heavy metal genre of music and was rife with masculine characters por-
trayed in other genres of film. The vampire becomes inarguably heterosexual during 
the 1980s. Traditional forms of masculinity are heavily reinforced in these films, with 
romance and eloquence being replaced by violence and explicit sexuality. The two 
clearest examples come from Fright	Night (1985) and The	Lost	Boys (1987).   
 The vampire of Tom Holland’s Fright	Night (1985), Jeffrey, is a clean-cut, hand-
some man who is at first presumed to be gay. This is due to his vampiric servant, this 
film’s version of the Renfield character. However, there is no question about Jeffrey’s 
sexuality as there was about Orlok’s in Murnau’s film; he is entirely heterosexual. 
While he does take male victims, the first is never shown and the second is merely 
transformed in order to dispatch the boy who discovered Jeffrey’s identity. In fact, 
the two female victims we see are attacked in an explicitly sexual manner that is not 
seen with Jeffrey’s male victims: the first is killed after having sex with Jeffrey, while 
the second young woman in whom Jeffrey has shown interest is transformed after an 
erotic encounter with him. This starkly contrasts the erotic undertones present in each 
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of Orlok’s attacks, whether they are on men or women. Also unlike the vampire of 
Nosferatu, the vampires of Fright	Night exhibit clear roles along the gender binary and 
a strict heterosexual sexuality. It should also be noted that the vampires in this film 
demonstrate a grotesque transformation that is very wolf-like, adding to the idea of 
the wolf as the archetypal symbol of masculine sexuality and predation. Fright	Night	
trades Murnau’s gender-blurring use of the hyena for the more traditional, binary wolf 
of folklore and literature.
 The	Lost	Boys (1987), directed by Joel Schumacher, again rejects the gender and 
sexual ambiguity found in Murnau’s film. Rather than exhibiting androgynous or femi-
nine traits, these vampires are the epitome of teenage masculinity. These vampires 
are, quite literally, teenage boys (with the obvious exception of Star, the lone female 
vampire of the group) who reflect very clearly the youth culture of the 1980s. They 
sport leather jackets, stylized hair, and ride motorcycles accompanied by a teenage 
girl, something popularized by the heavy metal culture. These vampires also serve as 
the personification of peer pressure, goading teenage Michael into performing darker 
and darker acts. In fact, throughout all of this, it is Star who acts as a voice of reason. 
Thus, the vampire tale in this film shifts from being a romantic tale or an exploration 
of sex and gender into a coming of age story. At first glance, it would seem that The	
Lost	Boys and Fright	Night are not at all influenced by Murnau’s film. However, the 
elements of sex and gender, and the influence of Nosferatu, are not entirely absent. The 
vampires of these films would be part of a decade-long trend of the rejection of Mur-
nau’s androgynous and sexually ambiguous vampires in favor of strict gender roles and 
overwhelming heterosexuality, though not in as strict a sense as it might first appear. 
The grotesque appearance of Murnau’s vampire remains in these films, evidenced by 
the transformations of these vampires, even if his femininity does not. But, the trend 
towards these masculine, heterosexual vampires would wane, and the gender and sexu-
ally ambiguous vampire first seen in Nosferatu would return in the 1990s after the suc-
cessful release of Interview	with	the	Vampire:	The	Vampire	Chronicles in 1994.
 Interview	with	 the	Vampire:	The	Vampire	Chronicles (1994), directed by Jordan 
Neil, is an adaptation of a novel by Anne Rice. This film returns the vampire genre to 
its roots of questioning and blurring the lines of sexuality and gender. The novel was 
originally published in 1976, a period when the gay rights movement was experiencing 
a resurgence, and the story has often been read as a gay allegory. The fact that a film 
version of the novel was released in the 1990s could be a result of a resurgence of the 
gay rights movement after the AIDS panic in the 1980s. This film features one of the 
first film vampires who feels remorse for killing, and who attempts to sustain himself 
on animal blood. Louis is eloquent and refined, with long hair and a feminine face, a 
more handsome version of the grotesque feminine found in Graf Orlok. It is in his rela-
tionship with his mentor Lestat where the blurring of gender and sexuality is the most 
prominent. When Louis is first bitten by Lestat, the scene is reminiscent of the coupling 
of romantic partners; Lestat later returns to Louis’s bedroom in order to make his final 
proposition to turn Louis into a vampire. As in previous films, this is eerily similar to 
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Orlok’s attack on Hutter within the latter’s bedchamber. Louis and Lestat go on to act 
as if they were a married couple, doing everything together, bickering constantly, and 
even taking in and raising a child (Claudia) together. Louis acts as the subservient part-
ner in his relationship with Lestat. Lestat provides a compelling case as well, acting as 
an aggressive dandy. Although he will seduce and attack women, he has a preference 
for young men; in fact it is this affinity for males that ends up being his downfall, as 
Claudia poisons him with the blood of two dead boys. This appears to be a parallel to 
how it is Orlok’s obsession with Lucy-- and her blood-- that would destroy him. Later 
it is revealed by the vampire Armand, who acts as Louis’s mentor, that vampires aim to 
be “powerful, beautiful, and without regret.”  The physical appearance of the vampire 
in this film is of importance to its characters; it, in a sense, defines them.  In much the 
same way, Orlok’s physical appearance defined him from his first appearance on film 
as feminine monstrosity.  
 Twilight (2008), directed by Catherine Hardwicke, provides a fascinating look at 
gender via its vampires, as neither the good vampires nor the evil vampires completely 
fit into one specific gender category. All members of the Cullen family are pale with 
fair hair and are “vegetarians,” meaning that they subsist on the blood of animals. Ed-
ward Cullen specifically blurs the line between masculinity and femininity. Edward 
shows masculine traits, such as intense strength, speed, and a protective instinct, but 
is also portrayed as emotional and sensitive, traditionally feminine characteristics. Ed-
ward’s appearance is also considered a crucial aspect, though the focus is on his physi-
cal beauty, as he is referred to several times as “beautiful” or “gorgeous,” (as opposed 
to the grotesque appearance of Orlok). However, the notion of sexuality and vampirism 
are automatically linked is not promoted by this film. In fact, while Nosferatu clearly 
linked vampirism and sex, Twilight creates a clear divide between purity and sexuality; 
the Cullens do not partake in human blood, a common metaphor for sexual activity, nor 
do they engage in sex acts themselves or dress in stimulating ways. The antagonistic 
vampires, by contrast, have no qualms about feeding on humans or engaging in heated 
relationships. This creates an interesting twist on the vampire as a sexual being; though 
still androgynous and presented with a similar focus on appearance as in Nosferatu, 
the “vegetarian” vampires of Twilight become symbols of virgin purity rather than of 
sexuality.
 However, the androgynous vampire is not always male. At times, rather than create 
a sensitive or beautiful male-identified vampire, a film will instead place male charac-
teristics on a female vampire. This has become especially prominent in the last decade, 
with films of several genres striving to create stronger female protagonists. But in vam-
pire film, this merely involves taking an already-established trend and turning it on its 
head. It is not the male vampire who becomes weak or passive, but the female vampire 
who becomes strong and aggressive. The weak, passive male vampire of years past, 
with some exceptions, is removed from most mainstream film, with strong, indepen-
dent female vampires rising to take center stage.
 The protagonist of Len Wiseman’s Underworld (2003), Selena, is a female-iden-
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tified vampire with male traits. She is one of the few female Death Dealers, warriors 
devoted to the task of killing Lycans (werewolves). As such, she is shown to be highly 
skilled at both ranged and hand-to-hand combat, able to kill Lycans much larger than 
herself with relative ease. Indeed, her work of killing Lycans is such an integral part of 
her life that she is told that “[she takes] this warrior business way too seriously.” Selena 
differentiates herself from the other female vampires of her coven by never wearing 
the dresses that they do, at one point even being told to “put on something elegant,” 
for a party, which she does not. In many ways, this reflects the independent nature of 
Nosferatu’s Ellen; both of whom take it upon themselves to protect those around them.  
This is the case even if they are specifically told not to protect others and/or if they 
are warned that protecting others may cause a threat to their lives. The differences in 
the respective roles of Selena and Ellen are merely reflections of the power available 
to women, and the differing concepts of the role of women in the films’ reflect the at-
titudes toward women at the times when the films were produced. It should be noted 
that Selena uses all of this strength and skill in order to protect a newly bitten Lycan, 
Michael, saving him numerous times due to her having knowledge that he lacks. This 
is similar to how Ellen gains the knowledge to save Hutter and must take the initiative 
to save him, though this film places the role of the heroine to a vampire.  Interestingly, 
the traits of the traditional victim are instead placed on the male who would usually be 
expected to be the hero. Selena is certainly not the traditional female vampire; she is 
neither a seductress nor a predator, but she mirrors the androgynous traits of the Nos-
feratu vampire in order to create a “masculine” heroine, although she also mirrors the 
masculine traits of Murnau’s Ellen.
 Let	Me	In	(2010), directed by Matt Reeves, is a remake of Tomas Alfredson’s 2008 
film Let	the	Right	One	In. It is quite an unusual film in its portrayal of the vampire, as 
in this film, the vampire is a twelve-year-old (in appearance) girl , Abby. Abby is not 
quite like other middle school girls; she has a somber outlook on life and takes on the 
role of the protector of a young boy, Owen. She demonstrates not only that she is intel-
ligent and capable, as shown by her love of complex puzzles, but she also demonstrated 
immense strength. The idea of immense strength in a body that would not seem to be 
capable of it also links back to Murnau’s film, as Orlok is capable of great strength 
despite his thin, bony stature. This is even more intriguing when one considers that 
even in contemporary media, female vampires are often sexual, deceptive, or both, and 
Abby is most often neither. In fact, rather than the sexual ambiguity of Nosferatu, it is 
strictly the androgyny of Count Orlok which is reflected in Let	Me	In. The grotesque 
vampire of Murnau’s film is also on occasion found in Let	Me	In, as Abby goes through 
more than one gory transformation. Thus, while Abby is in many ways like young girls, 
she exhibits personality traits and physical abilities not normally associated even with 
female vampires, thus extending the concept of the androgynous vampire to encom-
pass child vampires as well.  
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Conclusion

 F.W. Murnau’s 1922 film Nosferatu has done much to influence contemporary 
vampire film, especially in regards to how sexuality, gender identity, and androgyny 
are portrayed in vampire film. Murnau took concepts from preexisting literature and 
folklore and created the first truly influential vampire film. However, despite common 
allegations, it is not only from Stoker’s Dracula that F.W. Murnau took his inspira-
tion, but also from other works of European literature. From the physical appearance 
of Rymer’s Varney to the sexual and erotic undertones present in the works of Stoker 
and Le Fanu, the female vampires and the veiled homoeroticism of vampire literature 
contributed to the design of Graf Orlok, whose sexuality and gender identity transcend 
the traditional binaries to create an androgynous, sexually ambivalent creature who 
preys upon both men and women, and who can only be defeated by a woman. Murnau 
created a creature that was a perfect fit for the sexually liberated, occult-loving culture 
of Weimar Berlin that, much like the hyena used in the film, by its very nature trans-
gresses traditional sexual and gender boundaries. Nosferatu’s elements of sexuality 
and gender would continue as a staple of vampire films far more so than the masculin-
ity of the often-credited Dracula of Bram Stoker and Tod Browning, forever marking 
the vampire as a being that challenges traditional sexuality and gender norms. Vampire 
films are cultural products that mirror the attitudes toward sexuality and gender identity 
that prevailed during the eras when the films were produced. Vampire films have ex-
pounded the values of the sexual revolution and gay rights movements in the ‘60s and 
‘70s, as well as the testosterone-driven ‘80s. The vampire has also returned, albeit with 
a more feminine skin, with the reemergence of feminism as a political movement in the 
new millennium.  Nosferatu has often been ignored by those outside of film studies, but 
it would be a mistake to discount this film, as it holds the key to our current understand-
ing of the vampire and will likely continue to do so.
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End Notes

1. Nosferatu was preceded by films such as Rudyard Kipling’s The	Vampire (1910), 
 Robert G. Vignola’s 1913 film of the same name, and the Les	Vampires (1915) 
 series of Louis Feuillade.
2. While Summers attributes De	 Masticatione	 Mortuorum to Philip Rohr, other 
 scholars attribute it to Michael Ranft and assert that it instead dates from 1725.
3. As previously mentioned, both vampires exhibit the same “long nails that literally  
 appear to hang from the finger ends” of “a long gaunt hand, which seems utterly  
 destitute of flesh” as well as the same “gigantic height… and… horrible,  
 protruding, white face” (29). Rymer’s vampire also moves with “a strange, gliding  
 movement” (29) similar to Graf Orlok’s.
4. This interest in girls specifically is confirmed by the trend in folklore that wolves in  
 folklore often “act as sexual predators threatening children, especially girls”  
 (Rowland 437).
5. Hirschfeld was a renowned physician, sexologist and gay and transgender rights  
 activist whose work spanned from the late 19th century until his efforts were halted  
 by the rise of the Nazi party in 1933.
6. Universal Studios was given the rights to Dracula by Bram Stoker’s widow, Florence  
 Balcombe.
7. In	Let	the	Right	One	In, the vampire, here called Eli, is not a girl.  Instead, Eli is 
 presented as an androgynous being, stating matter of factly, “I’m not a girl.”
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Truth
 
Jennifer	deBie	and	Terry	Dalrymply,	PhD

 When I was a child, the Mustache Man was the oldest story I knew. He 
lived down the block and around the corner from me but the other kids 
told me the stories. The stories that they heard from the kids who were 

bigger than them, that those kids heard from the ones even bigger than that and on and 
on back to the beginning of dirt—or so we said. He was old. He ate kids who went into 
his yard, even the ones who went there by accident. Even the parents didn’t like him; 
they told us to stay away because they didn’t want us getting eaten up. 
 At least that’s what they said, what all the stories said. All the stories I knew were 
true because they were way older than me and I was getting to be a big kid, almost eight 
I think, the first time I met him.
 I was running from some of the boys, ducking down that back slip between Cherry 
Road and Rosewood Lane when I fell through a hedge I didn’t know and realized I 
wasn’t anywhere I wanted to be. “Well now, aren’t you a surprise?” He was sitting with 
a woman in the shade of a tree bigger around than the circle my hula-hoop made. I’d 
never seen the woman, not that I’d seen much of him either—all the other kids and I 
made it a point not to see him.
 “Yes. No. Sorry, sirmister, I’m jus—Please don’ eat me.” I was trying to push back 
through the hedge but the woman caught my arm. I hadn’t even seen her leave her seat. 
Her hands were long fingered like Mama said a lady’s should be but had hard spots on 
them too, like a man’s.
 “Eat you? Now why would I eat something like a little boy with no meat on his 
bones?”
 “Oh hush, can’t you see she’s hurt?” The woman was looking me up and down 
with eyes that looked happy, even when she was shushing the Mustache Man. The story 
man that no one talked to or shushed or anything like that. Ever.
 “She? Juniper, I think you might be getting a little—”
 “Call Wise Child, please, Mr. Jyles? Tell her to bring me the elderflower salve.” 
Her free hand was reaching for my face just above a scrape where the hedge had got 
me; I sucked in hard when her fingers got too close. “Mmm.” She made a sound in her 
throat. “It is nasty. Hold still.” A girl taller than me but no bigger around than I was 
came out of the house carrying a jar, even though the Mustache Man hadn’t gone any-
where to call her. 
 The lady didn’t have any free hands so she made a move like the girl should smear 
the green smelling gunk from the jar on me. I flinched but the gobs were cool when 
they hit my skin and my scrapes quit hurting almost as fast. 
 “Very good, Wise Child.” She called the girl that but those were real words, not a 
name. I was confused because the only time people ever called me real words and not 
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my name was when they were teasing me, singing things like piggy	girl	when I fell in 
the mud or la-azy	bones when I fell asleep in school. Real words that were names were 
never nice but when Juniper called the girl with the green-goop jar Wise Child she said 
it in the nicest way I could think of and it made me wish she’d say my name too.
 “My name’s Teresa,” I mumbled, while Wise Child screwed the lid back on the jar, 
“but Mama calls me Terry sometimes.”
 Wise Child looked at me. Her eyes were big with smiles tucked into them around 
the edges. “St. Teresa, patron against bodily ills and of the sick.” She told me and I 
knew she was trying to be nice; I smiled back at her with more than just my eyes.
 “I don’t like being sick either,” I told them both and Juniper laughed from all the 
way inside her, letting go of my arm to take up a handful of the cloth draped across her 
shoulders even though it was summer. 
 She wiped the green gunk from my face with the edge of a shawl that was too pret-
ty to be wiping gunk with. “Well, you’ve no bodily ills in you now, little saint Terry,” 
She told me, and she was right, I couldn’t feel my scrapes at all. When I reached for 
them with my hands I couldn’t find them either.
 “Saint Terry hmm? Now if that won’t give a child a head-swell I don’t know what 
will.” The Mustache Man was still there even though I hadn’t noticed him. He was 
talking around a big U-hook pipe that was clamped under the hair under his nose. He 
looked like a one-toothed walrus I saw once on Discovery while I was channel-flipping 
for cartoons. 
 I knew I was staring at him and Mama told me once it wasn’t polite to do that but I 
couldn’t help it. His mustache was too big to not stare at. When he started staring back 
I think I squeaked a little but then he looked away and wandered off with Juniper and 
Wise Child took me to a corner of the yard that was farther off than it should’ve been 
to introduce me to the cow and the donkey that were grazing there.
 Evening came fast, even in the summer, and that meant it was time to say goodbye 
to Wise Child and Juniper and kind of wave at the Mustache Man without saying any-
thing and go back through the hedge to go home. I did all that and ducked through a 
gap in the bushes that I’d never seen before. When I stepped through I was back out in 
the mid-afternoon sun.

* * * * *

 When I got home Mama asked why I was home already, hadn’t I just been playing 
with some of the neighbor boys?
 She didn’t believe me when I told her I’d been gone for hours. When I told her I’d 
been playing at the Mustache Man’s house, she told me I’d best be fibbing. 
 I didn’t understand why she wanted me to tell her a lie when I’d already told her the 
truth but she did, so I did. Then Daddy came home and Mama got busy with supper and 
forgot all about it, I think. She didn’t say anything about my fib, or truth or whatever, 
at supper. She didn’t say anything afterward either while I sulked on the couch waiting 



Crius: Angelo State Undergraduate Research Journal147

for my turn with the remote. 
 When I went back through the hedge next day I didn’t tell her where I was going 
and she didn’t notice, or ask.

* * * * *

 Juniper and Wise Child weren’t there the second time I pushed into the Mustache 
Man’s backyard. He was alone sitting under the tree drinking lemonade and reading, 
of all the dull things he could be doing. “Um, is Wise Child here?” he hadn’t looked up 
when I came through his shrubbery; I wasn’t sure he even knew I was there.
 “They might be here later. What was your name again?” He barely glanced away 
from his book even though it looked big enough to be boring; it was the grownup kind 
of book that didn’t even have pictures. 
 “Teresa, but my Mama calls me Terry.”
 “Your Mama hmm? Now what do your friends call you?”
 “I don’t know.”
 “And why don’t you know?”
 “Cause they don’t talk to me.” 
 He finally closed the book but kept a finger between the pages like a bookmark. 
“Now why wouldn’t your friends talk to you?”
 “Ca-ause…” I pulled the word out like it was longer than it was while I thought up 
an answer. 
 “I see.” He glanced at the book wrapped around his finger and then back at me. 
“Come here little Saint Terry, there’s someone I want you to meet.” There wasn’t any-
one else in the yard but a second glass of lemonade was on the table where there hadn’t 
been before. I came forward just a little to get a better look.
 I didn’t come all the way up to him but I was under the shade of the tree when he 
began to read out loud from the book, and even though there were no pictures or any-
thing like that to show me, I listened the whole way through.

	 Now	Rann	the	Kite	brings	home	the	night	
	 That	Mang	the	Bat	sets	free—	
	 The	herds	are	shut	in	byre	and	hut	
	 For	loosed	till	dawn	are	we.	
	 This	is	the	hour	of	pride	and	power,	
	 Talon	and	tush	and	claw.	
	 Oh,	hear	the	call!—Good	hunting	all	
	 That	keep	the	Jungle	Law!	

 He had the most beautiful voice, like he was singing but he wasn’t. When he closed 
the pages I begged him to read more but instead he handed me the book. I’d inched 
closer while he read; close enough that I could take it from him without stretching 
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much. I read right there folded up on the grass near his feet with lemonade beside me 
even though I never put it there. I struggled through first one page of close-together 
print and then the next only asking him for help when I had to. The light was starting to 
go when he shooed me home, telling me to take the book with me and not give it back 
‘til I was done. 
 I forgot to thank him I was running so fast. Running home to keep reading.

* * * * *

 Over dinner Mama asked me where I got that big nasty book I kept holding like 
a baby animal, a soft one. When I told her I got it from the Mustache Man she turned 
a funny color, like bad oatmeal, and told me not to fib again. “Tell the truth, Teresa; 
where’d you get that book?”
 “The Mustache Man gave it to me. He read some of it and then wouldn’t no more 
so he gave it to me so I could on my—”
 “Teresa, have you been to Mr. Jyles’ house?”
 “Well not in the house, we were in the yard. He’s got the biggest yard and—”
 “Honey, what have I told you about strangers’ houses?” The funny oatmeal color 
was turning grayer like she was getting sick in her gut.
 “But we weren’t in the house; we were in the yard.” There was a sore spot in my 
throat; I wasn’t fibbing and she wouldn’t believe me and it hurt. 
 “Teresa, don’t argue with your mother,” My Daddy called from behind his newspa-
per without her asking him to.
 “But-”
 “Tomorrow you and I’ll take the book back to Mr. Jyles and you won’t go over 
there anymore, you hear me?” She was using her not-listening-anymore voice, the one 
that won by default.
 “Yes, Mama.”
 “Good.” She held out one hand. “Now give me the book.” I’d been cradling it in my 
lap all during dinner, afraid to leave it alone. 
 “But—” 
 “Teresa.” I laid the book on her palm and she looked at it like it was alive, like it 
could hop out of her hand and skitter after anyone at any time. “Good girl. Off to bed.” 
It was too early to go sleep but she was still using the voice so I slumped up the stairs 
without talking back.

* * * * *

 Later I snuck down the stairs a little, hoping to angle myself so I could watch TV 
without them noticing. They weren’t watching TV but from the landing I could hear 
them. “Books,	and	books	like	this.” I could see from the shadows that she was waving 
the copy of Jungle	Book around while she talked.
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 “It’s advanced but it’s not a bad book.” My Daddy’s voice was slow and muffled, 
like he was still hiding behind his paper.
 “I know. But just the idea of her and that man. You remember the cases in Califor-
nia a couple years back? Why not here? It could happen and our girl—”
 “Would’ve told us if she’d been, you know.” There were crinkles like he’d laid the 
paper aside. Mama might know but I sure didn’t. I wanted to know.
 “That’s what you think but then…” 
 “Alice.” Daddy was standing now; his shadow was facing Mama’s and his hands 
were on her shoulders. “Teresa’s fine. Mr. Jyles is just a funny old man who gave a 
book to a kid. We’ll give it back tomorrow and ask him to leave her alone and explain 
to Teresa and it’ll be fine.” He was hugging her now; I could see from the way their 
shadows leaned against each other. “It’ll all be fine.”
 I crept up to bed then. I wasn’t sure what I’d seen but it made my tummy go funny. 
What if I couldn’t finish the book? What if I never found out about the red flower or 
what Shere Khan was up to or...”
 I fell asleep and dreamed about wolves who fought tigers and boys who grew up 
surrounded by a forest I’d never seen.

* * * * *

 The doorbell for the Mustache Man’s house wasn’t just a ding-dong sounding thing 
like every other doorbell ever, it was a song. A whole minute of piano music echoing all 
around us on the porch while Mama fidgeted and I wished I could have the book back. 
When he opened the door he was in a bathrobe even though it was afternoon, and half 
his walrus looking face hair was shaped into a teardrop with the fat end under his nose 
like the ringmaster at the circus. “Can I help you?”
 Mama just looked at him for a second like she hadn’t really thought this through. 
“Mr. Jyles.” She shook herself and kept going. “Mr. Jyles, I believe this belongs to 
you.” She held the book between him and us like a shield.
 The Mustache Man squinted at the book. “No, I don’t believe it does.” He was 
looking at her now; he hadn’t even glanced at me. “I believe that book belongs to Miss 
Saint Terry.”
 “Well in that case she’s returning it to you. She thanks you very much and will not 
be bothering you ever again.” Mama was talking fast now like she was running across 
ground after the rain and wasn’t sure where the sink holes were. She didn’t even ask 
why he called me saint.
 “Is she now?” Mustache Man was still talking slow, calm.
 “Yes, good day, Mr. Jyles.” Mama stretched the book out closer to him expectantly.
 He didn’t take it. “Miss Saint Terry, how’d you like Jungle	Book? Did you finish 
it?” He was finally looking at me. His half one way half the other way mustache was 
twitching like there was a smile underneath it.
 I looked at Mama before I answered. “No sir but I wanted to.” Mama made a little 
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move at me with her free hand like she wanted me to be quiet, but I wasn’t going to. “I 
was really sad when she made me give it back.”
 “Well then it’s a good thing I’m not taking it back, now isn’t it, Miss Saint Terry?” 
I grinned wide at him, but Mama dragged me off his porch before I could say anything 
else to embarrass her. She left the book on his doormat.

 “Teresa, I forbid you from going over there again. If you really want the Jungle	
Book, then we’ll just rent you the VHS and then you won’t have to plod through that 
silly old stack of pages.”
 I knew the response she expected even though I could already tell that the movie 
and the book wouldn’t be the same. “Okay, Mama, thank you.” I didn’t mean it.

* * * * *

 The movie wasn’t fun. 
 Mama sang the song with the snake all the way from the kitchen and Daddy hol-
lered at me to turn the TV down and the screen did funny jumpy things because it was 
a rental. When it was over and Mama asked if I liked it I told her yes and thank you 
again, even though I hadn’t, and ran out into the backyard to play. “Stay in the yard, 
Terry,” she called after me. It was getting on toward twilight by then and Mama always 
went funny over me staying out past twilight.
 “Yes Mama” I called back and slipped out the gate when she turned away from the 
screen door.

* * * * *

 The Mustache Man wasn’t in his yard when I ducked through the hedge for the 
third time. That stopped me; I hadn’t considered what I was going to do if he wasn’t 
there. Did Mustache Men ever leave their homes? I had no idea.
 “And hast thou seen the elephants dance?” It was a boy, maybe my age or maybe 
older or maybe younger and just big for his age, standing in the falling dark with a big 
shadow behind him that made me wish I hadn’t lied when I told Mama I’d stay in the 
yard.
 “At the circus, once, I think.” Or had I seen that on TV?
 “Hua, cover thine ears, Kala Nag.” I was pretty sure he wasn’t talking to me. “Thou 
art too good to hear of such places.”
 A snake with no head was feeling its way from around the boy’s side. Then it 
wasn’t a snake; it was the nose of an elephant with the rest of the animal standing there 
quiet in the dusk like it’d never not been there.
 “You talk funny,” I told him, staring at the long nose end that was probing the boy’s 
shoulder now. The kid was wearing weird, flowy clothes, like he was out of a movie I 
probably wouldn’t have stopped to watch if it was on while I was flipping channels. 
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 “You too.”
 “I’m Terry”
 “Mem Saint Terry?”
 “Um, yeah?” His accent confused me and the elephant was distracting me. Why 
wasn’t he reacting to the animal ruffling his hair?
 “Jyles-sahib asked that I give you this.” He offered me a book he hadn’t been hold-
ing a second before, and I took it without looking away from him and the elephant. He 
finally followed my eyes up to the dark bulk of the animal. “Wah, hast thou never seen 
an elephant?”
  “I told you, once, at the circus… maybe.”
 “Hua, tonight Kala Nag would dance with the others, will you come?”
 The others? “Mama wants me back home.”
 The elephant, whose name sounded like it came from my book, was so quiet I 
wasn’t even sure I was seeing him right. How could something that big be quiet? “Hup-
up, Kala Nag, we go.” The elephant wrapped his trunk around the boy’s middle lifting 
him into the gloom high over my head.
 I wanted to go too.
 Mama wanted me back. She told me to stay in the yard; I’d already lied to her once. 
I shouldn’t do it again. But I wanted to, bad. I wanted to figure out what this strange 
boy with his barking sounds at the beginning of sentences meant about elephants danc-
ing; I wanted to know everything. Kala Nag was turning away. The moon was higher 
than it should’ve been for that early in the night. I could suddenly see the boy and the 
elephant and the jungle stretching forever in front of us where there had been no jungle 
the last time I was here.
 “Me	too,	 I’m	coming!” I ran after them, squeaking only a little when Kala Nag 
caught me up in his trunk and raised me to where I could settle behind the boy. When I 
glanced back I could see the Mustache Man on his porch, watching us rolling into the 
gathering jungle on the back of an animal that didn’t belong in our neighborhood. He 
saluted me, when I waved, and returned to his house like it was time for him to turn on 
the news or something.
 In front of us the whole world and all the stars waited. I didn’t look back again.
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Usability of Video-Based Website Designs
 
Sawyer	Ricard	and	Kevin	Garrison,	PhD

Abstract

 Usability of different aspects of websites is a practice commonly explored in vari-
ous studies throughout the past several years. The feedback gained by these projects 
allowed companies to build sites that would best fit their users’ needs and preferences. 
Most of the study of the particular aspects of sites has been done over websites with a 
content consisting mostly of various texts and has led to the pattern in which content 
is along the top and sides of a page. As there has been little research over how best to 
design the layout of a website whose content relies mostly on videos, it was difficult 
to determine what ‘rules’ designers should follow for these sites. In this study, we 
hypothesized that there was a pattern for video-based websites similar to that of other 
websites and decided to test several sites for the usability of their layouts. Results re-
vealed certain patterns followed by the users when interacting with the tested sites and 
led to the beginning stages of the preferable overall design of a video-based website. 

*****

Introduction

 Usability is the practice of determining how usable a product is for an audi-
ence. Though this process is commonly used in testing physical products, 
the age of websites and the internet ushered in a new type of usability. 

Now used to test different aspects of websites such as their page layouts, information 
and satisfaction to an audience, usability practices became a widely adopted step es-
sential in the process of creating an online product. 
 Most of the current studies and tests of usability available were conducted over 
websites that mainly contained information for a user in the form of text. Several dif-
ferent principles of design for these types of websites were developed as more testing 
was done over their various parts. This has led to a distinct pattern in text-based web-
site layouts. 
 Despite the common success in testing a product that usability has brought through 
the years, it has not been utilized efficiently to review all different types of websites. 
What has not been covered sufficiently in the past several years is research over the 
layout of a more video-based website. There is little research to be found concerning 
the most-used and common pattern for website layouts that contain mostly video con-
tent.  There were no set or accepted rules for how these websites needed to be designed 
in order to best fit the user’s needs. This research project concerned itself mostly with 
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discovering what could be the beginning of a more standard ‘basic’ set-up video-based 
website designs.

Literature Review

 There has been much research done over the different aspects of usability and what 
exactly it entails. For many researchers, usability is defined as “a structured process of 
getting information on the extent to which a product can be used by the intended users 
to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified 
context of use” (Ward and Hiller 156). The process itself has had many uses over the 
time of its existence. It is not only used for websites but for “products” as well (Ward 
and Hiller 156). Over the years, it has shifted into becoming a “much more diverse” 
practice that “has changed from being an add-on to the development process to be-
coming an integrated part of it” (Madsen 61). There is even a difference in how it is 
conducted, as “different domains may require different sets of evaluating criteria/tools” 
(Zhang et. Al. 78).
 Despite the technical definition of usability, there is another aspect of a product 
or website that the researchers must take into consideration. Due to recent studies, 
it is suggested that “aesthetics may play an important role in product and systems 
design” (Sonderegger and Sauer 1). In more common terms, this is known as design. 
Design is a base for usability; the two must coexist or a website will fail. Design es-
sentially “relates to how the product communicates” with a user (Rubin and Chisnell 
11).  However, despite this fact, “design research is a more recent phenomenon” in the 
realm (Roth 18). According to Jason Beaird’s The	Principles	of	Beautiful	Web	Design, 
“Some people become caught up in the aesthetics and graphics, and forget about the 
user, while some usability gurus get lost in their user testing and forget about visual 
appeal” (5). For a website to be successful, it is “essential to maximize both” (Beaird 
5). Overall, “website searching is a goal-oriented activity,” and the different elements 
must cooperate for the website to function correctly (Zhang et. Al. 78).
 This need for design and usability has created patterns for website designers to 
use. There has been much research over the patterns most companies follow. In these 
patterns, most of the content that users will see is on the left side for this is where their 
eyes will look because we are taught to read left to right. This is called the F-shaped 
pattern. The eyes of a user are important to a usability test because “measurements of 
eye movement can serve in transferring very useful information from man to machine” 
(Barbuceanu and Antonya 23).  This study and portion of usability testing is typically 
called eye tracking. This is essentially the practice of tracking eye movements to see 
the “dynamic trace of where attention is being directed” on a page (Spivey et. Al. 282). 
Though eye tracking studies were mostly “conducted in psychology-related fields” 
relating to advertisement, the extent of use has been growing over the past several 
decades (Lai et. Al. 2). Eye tracking is a very useful practice to companies “concerned 
with where to place advertisements on their web pages” (Rubin and Chisnell 112). 
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Without seeing where a user’s eyes move to on a page, usability experts can not find 
patterns or the best way to utilize a web page. This is very troubling to some companies 
who strive to do their best to find the pattern that best works for them. Without a pattern 
that is tested and proven to work, some companies would be unable to have a func-
tioning website. For most websites, the testing is a necessary and private occurrence. 
In fact, some “companies regard their usability testing as proprietary information and 
often strenuously resist publication of usability testing data” (Meister and Enderwick 
208). This testing, though private most of the time, is “one of the most important suc-
cess factors in system quality” (Alshamari and Mayhew 402).
 However, despite the broad research that has proven usability useful to companies, 
there is not a satisfactory amount of research dedicated to different kinds of companies. 
For sites that contain mostly word content, the patterns are easily seen and can be fol-
lowed to provide a useful and pleasing website. For other sites such as those that carry 
mostly visual content, there is not any research. Most of the research that has to do 
with video-heavy websites has been over ads, such as where advertisements appear and 
whether “in-stream advertisements can improve the viewing experience for users with-
out sacrificing advertising value for advertisers or content owners” or not (Pashkevich 
et al. 451). This was due to the fact that companies were spending “billions of dollars 
annually to add a wide range of sophisticated features…to improve users’ experience 
with their websites (Nadkarni and Gupta 501). 
 However, the current research has left questions about the preferred design of other 
types of websites. As there has been little to no research done on the subject, there is no 
defined pattern for the websites that contain a large number of videos that are mostly 
uploaded by various users rather than one that incorporated videos in just ads. There 
is, as far as is known, no significant placement of the video being viewed for these 
websites as there are for some such as Yahoo or Fox News. This is critical information 
to find, as currently “video sharing websites are a driving force behind this rise of the 
Web as an alternative platform for viewing video content” (Cha 1). Though they make 
up a significant number of websites, the amount of research dedicated to their design 
research is very small. This leads to companies designing websites that may or may 
not be the most effective for their purpose, which is to display videos to the users.  As 
YouTube “is the most popular online video community in the United States and in the 
world,” it would be a good site to test for usability in order to find patterns for these 
video-sharing websites to use (Pashkevich et al. 451).  The study will be taken fur-
ther by using various other video-based websites such as Hulu and Vimeo. This study 
is intended to answer the following questions: How effective are the current website 
designs, and whether or not there is a pattern that video-based websites should follow 
when designing their user interface. 
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Methods

 This research will test 10 Angelo State University students from the ENG 3351 and 
ENG 3352 courses. Most of these students are traditional, having come straight from 
high school into college. They have varying experiences with different video-based 
websites and computer technologies. They will be required to rate themselves from 
beginner to expert on their experience level. These students will be recruited through a 
course announcement by Dr. Kevin Garrison who will provide the moderator with an 
extra credit sheet for the students to sign in exchange for their participation. 
 The lab used for the research is located in the basement level of the Academic 
Building in room 004B. There are two different stations set up for various users of the 
Usability Lab. There are dual computer monitors in one corner of the room where the 
participant being tested is sitting. Attached to these computers is the Mirametrix S2 
Eye Tracker as well as the software needed to run the eye tracker. The S2 Eye Tracker 
uses infrared cameras and requires a calibration of 9 points on the screen to line up 
with the user’s vision. An error rating of under 80 is good while under 40 is excellent.  
This aids in providing eye tracking studies with reliable data. On the other side of the 
lab is where the moderator conducting the research and test sits to monitor the partici-
pant. The moderator also has a set of dual monitors which record video clips of linear 
fixations. Some of the other equipment provided for the study is a handheld audio 
recorder to keep record of what the participants say during the post-test interview. The 
moderator will take notes as well, but will use these audio files to get direct quotes and 
have exact records of what each student thought during the test. There will be a pre-test 
questionnaire, as well. All video clips, audio clips, and answers to the questionnaires 
will be kept in an Excel spreadsheet for easy comparison on my laptop. All of this data 
will be used to help answer the research question concerning design, therefore making 
it all valuable to the project. 
 The procedures for the project will be the same for each student who is tested for 
this research project. 
 Recruitment: The students will be recruited from Dr. Garrison’s Technical Writing 
and Business Communication courses and offered extra credit for their participation. 
Once students are contacted through email, the moderator will schedule meeting times 
to conduct tests one on one. 
 Forms: Once they have entered the room, the moderator will give them a brief tour 
to make them comfortable and ask them to fill out the IRB form and a Consent Form 
and an Audio/Video Release Agreement (http://www.angelo.edu/dept/english_mod-
ern_languages/usability.php). This is to ensure that they know what will happen during 
the test and what the moderator will do with the data collected.
 Survey,	Testing,	Interview: Students will be given a pre-test questionnaire with sev-
eral questions. This is to ask for their name and major as well as their experience with 
the various websites tested and technologies used on the computer. Then, they will be 
given a list of different video-based websites (such as Hulu, YouTube, Vimeo, etc.) and 
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asked to rate their experience level with them on a scale from 1-5. This scale is called 
the Likert Scale and will give me a better idea of what level each student is on before 
they are tested. After the survey is conducted, the test will begin and they will be in-
structed to complete certain tasks tied to each different website. For YouTube, they will 
be asked to find videos about how to make a paper airplane and to be able to answer 
questions about the videos. If they have an account, the moderator will ask them to log 
in before searching for the video. If they do not, the moderator will ask them to create 
an account. For the next task, the moderator will ask them to navigate to Hulu and find 
a video of John Oliver talking about the FIFA World cup and to be able to answer ques-
tions about it afterwards. Just as with YouTube, the students will be asked to either log 
into their account on the site or to create one. For the last task, the moderator will ask 
the student to go on Vimeo and find a video where Grumpy Cat is ‘signing’ books. For 
the account question, the moderator will ask them to either log in or create an account. 
They will watched trying to complete the goals without being given any hints. Once 
they are done with the websites, the moderator will conduct an interview with each 
student.  The students will be asked questions about how easy or difficult they found 
their tasks, what they think of the current website design, and what they like or dislike 
about each website. This entire process will take 10 to 15 minutes for each student. To 
protect the identity and information of each participant, the students will be labeled 
participants 1-10. No names or any other information concerning their identity will be 
released. The sheets from the survey that ask questions such as their major, name, and 
experience will be kept locked in a filing cabinet in the Usability Lab to which only the 
moderator and Dr. Garrison have access during the duration of this research. The audio 
and visual data I collect will be stored on a flash drive before being placed on my com-
puter for permanent storage. The files (both audio and visual) will then be deleted from 
the flash drive. This information is then stored only on my laptop’s hard drive, and the 
laptop itself is protected with a username and password only the moderator know. The 
audio records from the interviews will be kept on a recorder which will be kept under 
lock and key.
 The data gathered from these tests will give answers as to the main research ques-
tions. These are questions having to do with the current level of efficiency of the vari-
ous website designs being used, and whether or not they are liked by the public users. 
The main data used for the research will be the video clips taken from the eye tracker, 
as the moderator wants to see how the various students interacted with the design of 
the websites. This will help determine what the ‘best’ design would be or what pattern 
should be used to satisfy the largest percentage of users. However, to get accurate data, 
the moderator will have to use deception: in order to get the best representation of how 
the students will view the websites, the moderator will tell them in the beginning that 
they will be asked questions about the video’s content once they have finished watch-
ing them; however, the moderator will rather ask questions concerning design, which 
is the main objective in the study. 
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Results

 For this research project, 10 participants were tested with 6 being male and 4 fe-
male. These participants were the volunteers recruited from an upper division Techni-
cal Writing class. Their ages ranged from 20 to 29, with a mean of 22.6 and a standard 
deviation of 3.02. Their calibrations, which indicate how well an eye tracking device 
could follow them, varied (See Figure 1). For a calibration, a rating of below 80 is 
good, while below 40 is excellent.

Table 1. Eyetracking calibrations. This table provides the ages of each individual par-
ticipant, their eyetracking calibration, and the means of both categories of information.

 The test revealed 5 major results based on video-based websites’ layout designs. 
The first observation dealt with account creation on each of the three websites tested. 
The students tested had no trouble on Hulu and Vimeo though they had difficulties 
logging on to YouTube due to the connection the site has with Gmail accounts. If they 
already had an account, they found it easy to log in. The only issues besides YouTube 
that arose from this part of the test was finding the log in screen on Hulu. 
 The next result dealt with the search bar on the sites. Participants found that You-
Tube and Vimeo followed a similar pattern when playing results, making it simple to 
find the one specified in the search. With Hulu however, the sporadic results made it 
difficult for a participant to use. 
 The third result dealt with ads while watching the video itself. 9 of the 10 partici-
pants either skipped or completely ignored the ads, whether embedded in the video, the 
search, or the search results.
 The fourth result dealt with the design of all three websites. The participants found 
YouTube simplistic and familiar, Vimeo unfamiliar but more simplistic than YouTube, 
and Hulu overwhelming and difficult to work with. 

username and password only the moderator know. The audio records from the interviews 
will be kept on a recorder which will be kept under lock and key. 

The data gathered from these tests will give answers as to the main research 
questions. These are questions having to do with the current level of efficiency of the 
various website designs being used, and whether or not they are liked by the public users. 
The main data used for the research will be the video clips taken from the eye tracker, as 
the moderator wants to see how the various students interacted with the design of the 
websites. This will help determine what the ‘best’ design would be or what pattern should 
be used to satisfy the largest percentage of users. However, to get accurate data, the 
moderator will have to use deception: in order to get the best representation of how the 
students will view the websites, the moderator will tell them in the beginning that they 
will be asked questions about the video’s content once they have finished watching them; 
however, the moderator will rather ask questions concerning design, which is the main 
objective in the study.  

Results

For this research project, 10 participants were tested with 6 being male and 4 female. 
These participants were the volunteers recruited from an upper division Technical Writing 
class. Their ages ranged from 20 to 29, with a mean of 22.6 and a standard deviation of 3.02. 
Their calibrations, which indicate how well an eye tracking device could follow them, varied 
(See Figure 1). For a calibration, a rating of below 80 is good, while below 40 is excellent.  

Participant:  Age:  Calibration: 
1 20 35
2 29 35
3 21 30.2
4 20 49.8
5 27 41.6
6 22 23.7
7 21 21.3
8 21 30
9 22 31.3
10 23 34.9
Mean: 22.6 33.28

Table 1. Eyetracking calibrations. This table provides the ages of each individual participant, 
their eyetracking calibration, and the means of both categories of information.  

The test revealed 5 major results based on video-based websites’ layout designs. The first 
observation dealt with account creation on each of the three websites tested. The students 
tested had no trouble on Hulu and Vimeo though they had difficulties logging on to YouTube 
due to the connection the site has with Gmail accounts. If they already had an account, they 
found it easy to log in. The only issues besides YouTube that arose from this part of the test 
was finding the log in screen on Hulu.

The next result dealt with the search bar on the sites. Participants found that YouTube 
and Vimeo followed a similar pattern when playing results, making it simple to find the one 
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 The last observations were details with video usability on all three websites. Par-
ticipants watching the Hulu video would have trouble trying to find the time bar on the 
video when asked how long they had watched the segment. Some other details were 
that 4 participants full-screened at least one of the videos they were asked to watch, 
while the rest watched it in the format originally presented. None of the participants 
used closed captioning to watch the videos. 

Discussion

 The points discussed in the results section of this paper were good indicators for 
what exactly the design of a video-based website should include. Currently in practice 
are some factors that proved useful for a website while others were lacking in terms of 
individual usability.

Creating an Account

 Many different areas were covered by this research project, with the first arising 
when the participants created accounts on the three different sites that were tested. 
According to the data retrieved by the eye tracker, most of the students had no trouble 
either signing in or signing up for an account on Vimeo. The link was on the front page 
when the site was opened up, making it easy to find. However, Hulu’s was difficult to 
navigate, and a few were dismayed by the time it took to locate the button they needed. 
The website that gave participants the most trouble was YouTube. As the website is 
owned by Google, Gmail accounts are required to sign into YouTube. The two being 
intertwined added extra time onto each participant’s session, causing them to become 
frustrated. Overall, however, the participants had little trouble whether they were the 
owners of an account or not. 

Search Engine 

 The next point of interest that was discovered through testing was the issue of the 
search engine on each site. As one of the participants stated in their post-test interview, 
“YouTube has just one column of suggestions”, which made it easy to navigate and 
find the video they were supposed to watch. They liked the fact that the website pro-
vided a limited amount of results they could see at one time. This carried through with 
Vimeo, as this website’s search was so specific that only a few results came up when 
searching for their video. However, Hulu caused difficulty as the search engine is made 
up of four columns and a participant could scroll through a list several pages long. 
This caused the suggestions to be rather sporadic and, as participant 2 said in their 
interview, “overwhelming”. So complicated was the process on that particular website 
that often the participants would entirely miss the video about John Oliver discussing 
the FIFA World Cup despite looking either near or directly at it (See Figure 1). Despite 
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people having familiarity with Hulu as many previously had accounts created, they 
felt “betrayed” by the site as it gave them difficulty in the search engine. Overall, the 
participants preferred YouTube and Vimeo’s styles of search engines over Hulu’s. 

 Figure 1. Hulu Search. This figure displays the difficulties the participant had when 
searching for the video of John Oliver discussing the FIFA World Cup.

Advertisements

 The next point discovered during the testing phase of the research dealt with ads. 
As part of the research was to find how ads interacted with the site and, in turn, par-
ticipants interacted with them, this part was crucial to all the testing phases of the 
sessions. What was discovered through interviews and tests was that most of the ads, 
whether the audience does it consciously or not, are entirely ignored. The eye tracker 
revealed that often participants would skip right over the ads even if they were listed 
in the search suggestions (See Figure 2). The only time a student would pay attention 
the ads was when they had to skip it at the beginning of the video. This often frustrated 
the participant, and in the interviews, participant 2 said that the ads only “cluttered” 
the page and distracted from the actual video. This was on YouTube, a website which 
participants felt had too many ads. None of the commented on the ads for either Vimeo 
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Hulu’s.

 

Figure 1. Hulu Search. This figure displays the difficulties the participant had when 
searching for the video of John Oliver discussing the FIFA World Cup.

Advertisements 

The next point discovered during the testing phase of the research dealt with ads. As part 
of the research was to find how ads interacted with the site and, in turn, participants 
interacted with them, this part was crucial to all the testing phases of the sessions. What was 
discovered through interviews and tests was that most of the ads, whether the audience does 
it consciously or not, are entirely ignored. The eye tracker revealed that often participants 
would skip right over the ads even if they were listed in the search suggestions (See Figure 
2). The only time a student would pay attention the ads was when they had to skip it at the 
beginning of the video. This often frustrated the participant, and in the interviews, participant 
2 said that the ads only “cluttered” the page and distracted from the actual video. This was on 
YouTube, a website which participants felt had too many ads. None of the commented on the 
ads for either Vimeo or Hulu, though both websites had them scattered throughout the 
website. They only had complaints for YouTube, the only website that actually embedded 
ads in its videos. Overall, participants would rather the ads disappear entirely from their 
viewing experience, as they only see them as a hassle.  
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or Hulu, though both websites had them scattered throughout the website. They only 
had complaints for YouTube, the only website that actually embedded ads in its videos. 
Overall, participants would rather the ads disappear entirely from their viewing experi-
ence, as they only see them as a hassle. 

Figure 2. Advertisement Distraction. This figure displays the lack of interaction that 
the participant had with the advertisements on the webpage.  

Layout Design

 The designs for the three websites vary in their search bars, layout, and general 
video player. The participants spoke about factors that they liked or disliked about 
each website’s layout. Hulu was more difficult for them to navigate, as there was so 
much content spread randomly around the webpage that they didn’t seem to know 
where to look. They were troubled by the amount of suggestions that faced them as 
well as the blocky layout that the website possessed. Hulu was, as one participant said 
in his interview, “overwhelming” and good if looking for a specific video. It is not one 
that should be used to browse random clips, as one said “[Hulu] would bring up every 
video that had any part of the phrase [they] were searching for.” The participants all 
spoke in their interviews about how they “preferred YouTube” due to its “familiarity.” 

 

Figure 2. Advertisement Distraction. This figure displays the lack of interaction that the 
participant had with the advertisements on the webpage.

Layout Design 

The designs for the three websites vary in their search bars, layout, and general video 
player. The participants spoke about factors that they liked or disliked about each website’s 
layout. Hulu was more difficult for them to navigate, as there was so much content spread 
randomly around the webpage that they didn’t seem to know where to look. They were 
troubled by the amount of suggestions that faced them as well as the blocky layout that the 
website possessed. Hulu was, as one participant said in his interview, “overwhelming” and 
good if looking for a specific video. It is not one that should be used to browse random clips, 
as one said “[Hulu] would bring up every video that had any part of the phrase [they] were 
searching for.” The participants all spoke in their interviews about how they “preferred 
YouTube” due to its “familiarity.” It was generally easy for a participant to follow. However, 
one spoke about how he “disliked how often YouTube changes its layout” and that he would 
prefer for it to stay one certain way. One factor of YouTube that the participants seemed split 
over was the video suggestion bar to the right of the video they were watching at that 
moment. Some liked the suggestions, though others found them “distracting” and just 
“caused clutter.” They were unable to focus on the video due to being distracted by the 
suggestions (See Figure 3). Vimeo, the last video website tested, was the unfamiliar one. 
None that were tested had ever used Vimeo to look up videos, though they did like its 
“simplistic design” and “how easy it was to navigate”. They did not speak about how 
different factors distracted them, or even scroll down to look at anything but the video itself 
despite the fact the content was rather busy and almost too much information for a mind to 
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It was generally easy for a participant to follow. However, one spoke about how he 
“disliked how often YouTube changes its layout” and that he would prefer for it to stay 
one certain way. One factor of YouTube that the participants seemed split over was 
the video suggestion bar to the right of the video they were watching at that moment. 
Some liked the suggestions, though others found them “distracting” and just “caused 
clutter.” They were unable to focus on the video due to being distracted by the sug-
gestions (See Figure 3). Vimeo, the last video website tested, was the unfamiliar one. 
None that were tested had ever used Vimeo to look up videos, though they did like its 
“simplistic design” and “how easy it was to navigate”. They did not speak about how 
different factors distracted them, or even scroll down to look at anything but the video 
itself despite the fact the content was rather busy and almost too much information for 
a mind to process at once. Their eyes generally stayed trained on the video rather than 
wandering around, as they had little content to look at otherwise (See Figure 4). Over-
all, the students found that though they would be familiar with a website, there were 
always those that they would rank over them in terms of usability. 
 

Figure 3. Suggestion Distraction. This figure displays the action of the participant be-
ing distracted from the video by the suggestions on the right side of the webpage.
 

process at once. Their eyes generally stayed trained on the video rather than wandering 
around, as they had little content to look at otherwise (See Figure 4). Overall, the students 
found that though they would be familiar with a website, there were always those that they 
would rank over them in terms of usability.  

 

Figure 3. Suggestion Distraction. This figure displays the action of the participant being 
distracted from the video by the suggestions on the right side of the webpage.
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Figure 4. Video Player. This figure displays how the participant focused only on the 
video on the website Vimeo.

Video Player

 The video player itself was the last thing tested. Overall the results showed little 
variation for how people watched the videos individually, but as a group there were 
certain patterns. For example, around half of the participants full-screened the videos 
they were watching on YouTube to avoid being “distracted by the suggestions” on the 
page or anything else. Some stated that they did it out of “habit” while others seemed 
to find it necessary to watch the video. Another pattern they followed was the trouble 
with discovering how much time had passed while watching the video on Hulu. After 
being asked if they had watched at least two minutes of the clip, some participants had 
no idea how to tell if they were that far in or not. It took them some time to find the bar 
it was located on. The last point to note that they all followed was their lack of closed 
captioning(CC). Though some adjusted the volume in different videos in order to hear 
better, they did not use any visual elements to help their experience. Overall, the pat-
terns generally showed as a group impact rather than an individual one. 
 What this research gathered about the ideal layout of a video-based website and 
how people watch the videos was that the overall design should aim for being simplistic 
rather than complicated. Audiences would prefer less changes to their environment as 
they get used to how something is placed on a page. However, as this research showed, 
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Video Player 

The video player itself was the last thing tested. Overall the results showed little variation 
for how people watched the videos individually, but as a group there were certain patterns. 
For example, around half of the participants full-screened the videos they were watching on 
YouTube to avoid being “distracted by the suggestions” on the page or anything else. Some 
stated that they did it out of “habit” while others seemed to find it necessary to watch the 
video. Another pattern they followed was the trouble with discovering how much time had 
passed while watching the video on Hulu. After being asked if they had watched at least two 
minutes of the clip, some participants had no idea how to tell if they were that far in or not. It 
took them some time to find the bar it was located on. The last point to note that they all 
followed was their lack of closed captioning(CC). Though some adjusted the volume in 
different videos in order to hear better, they did not use any visual elements to help their 
experience. Overall, the patterns generally showed as a group impact rather than an 
individual one.

What this research gathered about the ideal layout of a video-based website and how people 
watch the videos was that the overall design should aim for being simplistic rather than 
complicated. Audiences would prefer less changes to their environment as they get used to 
how something is placed on a page. However, as this research showed, familiarity does not 
always mean a website will be easy to use. Despite knowing the site Hulu, participants still 
had the most problems with it over the other two, and they preferred Vimeo though the 
majority had never heard about it until their testing day. Therefore, it has shown that the 
simplicity of a website’s layout can be of more value than familiarity of one in terms of 
usability.
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familiarity does not always mean a website will be easy to use. Despite knowing the 
site Hulu, participants still had the most problems with it over the other two, and they 
preferred Vimeo though the majority had never heard about it until their testing day. 
Therefore, it has shown that the simplicity of a website’s layout can be of more value 
than familiarity of one in terms of usability.  

Conclusion

 The results of this research found that there are several problems with the layout 
designs of the tested websites. Some contain too much clutter and are distracting while 
others are confusing to navigate and leave their users frustrated. However, there are a 
wide variety of this kind of website and this project only covered a small portion. A 
further limitation of this research is that the websites tested all serve a different audi-
ence as their functions vary. YouTube and Vimeo contained mostly clips while Hulu’s 
content included full-length episodes of different TV shows. The range of participants 
was limited to Angelo State college students and therefore may not serve as an ideal 
representation of the world population as a whole. Despite the limitations, the conclu-
sion that ‘less is more’ is still made when it comes to what the college-age population 
tested would prefer on their website layout designs. 
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S(h)aving face: An autoethnography of female facial hair
 
Evelyn	Sullivan	and	Derek	Bolen,	PhD

Abstract

 Culture determines and enforces norms for behavior and appearance based 
on the many different qualities and identities claimed by each individual. 
Gender is no exception. There are rigorous standards for how gendered 

bodies should appear and what qualities they should exhibit in order to receive cultural 
acceptance as their presented gender. Women are limited in the areas in which they are 
permitted to allow hair to grow while still being accepted as feminine. The Western 
norm is that of sleek, slim, and hairless—aside from perfectly manicured eyebrows 
and flowing locks set above beautiful faces—and is demonstrated by media portray-
als, advertisements, and conversations about womanhood from a very young age. The 
pressure to live up to these ideals is increased whenever the hair in question is grown 
in a way that is deemed both traditionally and medically to be masculine, such as on 
the face and neck. Through the personal narrative framed in gender theory and the 
conversation about female body hair in scholarship, I address the problematic norm 
that is female hairlessness through the lens of female facial hair. By addressing my 
experiences in the frame of Western culture’s obsession with hairlessness, I will ex-
plore what we have to learn from the performance of non-feminine hair in relation to 
femininity, how culture informs decisions about appropriate gender and beauty, and 
the significance of facial hair performance in the expression of identity—particularly 
addressing the understanding that one’s body doesn’t perform either its gendered or 
sexed identity correctly, what forms punishment for such non-conforming performance 
takes, and how those whose bodies break the rules of gendered performance contribute 
to the perpetuation of the very norms they violate. 
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Overconfidence and Personality Traits
 
Brittany	Trubenstein	and	Crystal	Kreitler,	PhD

Abstract

 The present study examined the correlations between personality types and over-
confidence in decision making. Researchers hypothesized that individuals who scored 
higher on narcissism would report greater overconfidence when making decisions. Par-
ticipants were asked to complete the Big Five Inventory, Narcissistic Personality In-
ventory and a general knowledge questionnaire. The general knowledge questionnaire 
was used to determine the amount of confidence participants reported in their decision 
making abilities. Another area examined in this study is how much the average college 
aged person knows about Alzheimer’s disease. The general knowledge questionnaire 
consisted of general facts about Alzheimer’s disease taken from the 2013 Alzheimer’s 
Facts and Figures Report. Several significant correlations were found, including data to 
support previous research showing that those who score above average on narcissism 
reported overconfidence when making decisions. Researchers found significant corre-
lations between narcissism and two of the big five personality traits. Findings revealed 
that the average college age person is significantly undereducated about Alzheimer’s 
disease. 

*****

Introduction

 Researchers Wansink and Sobal (2007) found that people make approxi-
mately 227 decisions each day. Only 14 of those decisions are food related 
so the remaining 212 decisions may be important ones (Wansink & Sobal, 

2007). Researchers wonder how many of these daily decisions are made with great 
confidence (Sieck, Merkle, & Van Zandt, 2007). Overconfidence is a phenomenon that 
happens when an individual relies more heavily on the reasons supporting the selected 
choice than the reasons contradicting their decision (Sieck et al., 2007). For example, 
if someone were asked “What are the primary colors?” he/she could say “Red, blue, 
green and yellow because I remember those colors in my preschool class” when the 
correct answer is red, blue and yellow. Research has shown that individuals who are 
perceived as overconfident will get more promotions and better pay but can also cause 
problems in corporations if they are overconfident in other employees’ abilities and 
give them more leeway in projects than they should (Nauert, 2014).
 Investigators seek to calculate the level of overconfidence an individual will exhib-
it by utilizing a “general knowledge” questionnaire (Sieck et al., 2007). These general 
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knowledge questionnaires will ask individuals a question that the general population 
will be able to answer and provide two possible answer choices. Once the individual 
has made a selection, he/she is then asked to report a confidence judgment from 50-
100% that the answer selected was correct (Sieck et al., 2007).
 This idea of confidence judgments conforms to the ecological approach of decision 
making, a term coined by Gigerenzer, Hoffrage, and Kleinbolting (1991). This happens 
when “a person does not know the correct answer and chooses to use the available cues 
to answer the question” (Stankov & Lee, 2008). 
 Many individuals have dedicated countless hours and grant dollars into research-
ing the amount of overconfidence average individuals’ display, but only a portion of the 
research has been conducted to determine if specific personality types are more prone 
to showing overconfidence. A study by Fast and colleges (2012) suggests that individu-
als in positions of power will display more overconfidence in their abilities as well as 
their decision making (Fast, Sivanathan, Mayer, & Galinsky, 2012). The idea of indi-
viduals in power positions displaying more overconfidence invokes the idea that those 
who have narcissistic personality types may be more inclined to be overconfident. A 
study published in 2003 by Schaefer and colleagues showed that particular personal-
ity traits such as narcissism and openness are more likely to produce overconfidence 
(Schaefer, Williams, Goodie, & Campbell, 2003).  
 Several studies have been conducted to evaluate overconfidence and narcissistic 
traits. Cambell, Goodie, and Foster (2004) defined Narcissism as “a dynamic social 
construct with two key elements: a positive, inflated, and agentic view of the self; 
and a self-regulatory strategy to maintain and enhance this positive self-view.” Lakey, 
Rose, Campbell, and Goodie (2007) focused on the correlations between narcissism 
and gambling. Lakey and colleagues (2007) found a positive relationship between nar-
cissistic personality types and overconfidence in their decision making abilities. They 
determined that narcissists will display much more overconfidence in their gambling 
abilities and placed more bets than non-narcissistic personality types. 
 Although the image of a narcissistic person is often negative, research suggest that 
the right amounts of narcissism can be beneficial (International Business Times. 2011). 
Research shows that “Such traits can lead to success in a variety of situations, includ-
ing business and war” (International Business Times. 2011). Current research revealed 
that overconfidence in one’s own abilities can give a person an advantage when he/she 
is unsure of an opponent’s strengths as well as an advantage when faced with a new or 
unfamiliar situation.
 In addition to studying how overconfidence correlates with personality types, this 
study investigated the traditional college student’s knowledge of Alzheimer’s disease. 
According to the Alzheimer’s Association’s 2013 report, Alzheimer’s disease is the 6th 
leading cause of death in America. It is also the only one of the top ten causes of death 
which cannot be stopped or slowed (Alzheimer’s Association 2013 Facts and Figures 
Report). The Alzheimer’s Association claims that more than 5 million Americans or 1 
in 3 seniors have this disease and someone develops the disease every 68 seconds. The 
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reason for using general knowledge questions regarding Alzheimer’s disease was to 
gauge how much the college aged population knows about the disease and use the data 
collected to inform additional studies on Alzheimer’s disease. 
 The primary aim of this study was to determine if certain personality traits were 
correlated with overconfidence in decision making. Narcissism was of particular inter-
est to researchers in this study as we expected to see that individuals who are more 
narcissistic will report higher rates of overconfidence in decision making. Finally, re-
searchers were interested to investigate how much the college aged person knew about 
Alzheimer’s disease.  

Method

Participants
 Sixty-two undergraduate students (45 females and 20 males; average age=20.6, 
SD=6.25) from a midsize university in the southwest United States were recruited. 
Participants volunteered to participate in this research to fulfill a course requirement or 
receive extra credit for a psychology course. 

Materials
 Personality. The participants completed the 44-item Big Five Inventory (BFI; 
Oliver & Benet-Martinez, 1998). The BFI is a personality inventory used to assess 
personality traits. Participants responded to items such as “I see myself as someone 
who is talkative” on a Likert-type scale ranging from 1(disagree strongly) to 5 (agree 
strongly).
 Narcissism. The participants completed the 40-item Narcissistic Personality In-
ventory (NPI; Raskin & Terry, 1988) to gauge how narcissistic each participant was in 
order to find a correlate with overconfidence. Participants chose between two options 
such as “I have a natural talent for influencing people” or “I am not good at influencing 
people.” These statements were awarded points for each item chosen that matched the 
scoring key and assed to determine the level of narcissism.  
 Overconfidence. Participants were given a 30-item general knowledge question-
naire. The subject matter consisted of Alzheimer’s disease information and its related 
facts. The participants were asked 30 questions concerning Alzheimer’s disease and 
general facts about it. Participants selected one of the two possible answer choices 
and then assessed how sure they were that their answer was correct on a scale from 
50–100%. For example, participants were asked “Alzheimer’s disease is the ___ lead-
ing cause of death in America” and were provided with “A) 10th or B) 6th” as answer 
options. These participants were then asked on a scale of 50–100% how confident they 
were that the answer they chose was correct.
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Procedure
 As participants entered the testing facility, they were instructed to sign in and were 
assigned a seat at one of the 8 available computers. Participants were told that the 
informed consent and the debriefing would be presented to them electronically but 
the experimenter could provide paper copies of these forms upon request. The experi-
menter explained that the study would be conducted on the computer and that it was 
a self-paced study. All further instructions would be on the screen and the participants 
were instructed to follow the on screen instructions but could ask for help from the 
experimenter if they needed clarification on any of the instructions. First, participants 
were prompted to provide some demographic information and then asked to complete 
the Big Five Inventory (BFI; Oliver & Benet-Martinez, 1998) followed by the Narcis-
sistic Personality Inventory (NPI; Raskin & Terry, 1988). Lastly participants answered 
the 30-item general knowledge questionnaire related to Alzheimer’s disease. Finally, 
participants were given a full debriefing.  

Results

Narcissism	and	Overconfidence
 A bivariate correlational analysis was conducted on the narcissistic personality 
inventory, general knowledge score, mean confidence rating and overconfidence. 

 Descriptive statistics for the narcissism score were: M=15.5, SD=6.05. Average 
confidence was 0.46, and average accuracy was 0.14, resulting in average overconfi-
dence of 0.32. Positive correlations were found between Narcissism (M=20.8, SD=3.21) 
and all other variables; General Knowledge (M=14.6, SD=2.9) r=-0.42, p<0.02, Mean 
Confidence (M=49.3, SD=17.8) r=-0.53, p<0.00 Overconfidence (M=34.6, SD=17.4) 
r=-0.46, p<0.01. Individuals who reported higher scores on the Narcissistic Personality 
Inventory also showed significantly higher scores on the general knowledge question-
naire. In addition, individuals who reported higher scores on the NPI, showed sig-
nificantly higher confidence ratings in their reported answers than did individuals who 
scored below average on the NPI. Lastly individuals who scored above average on the 
NPI showed significantly higher overconfidence in their decision making abilities. 

Participants responded to items such as “I see myself as someone who is talkative” on a Likert-
type scale ranging from 1(disagree strongly) to 5 (agree strongly). 

Narcissism. The participants completed the 40-item Narcissistic Personality Inventory (NPI; 
Raskin & Terry, 1988) to gauge how narcissistic each participant was in order to find a correlate 
with overconfidence. Participants chose between two options such as “I have a natural talent for 
influencing people” or “I am not good at influencing people.” These statements were awarded 
points for each item chosen that matched the scoring key and assed to determine the level of 
narcissism.   

Overconfidence. Participants were given a 30-item general knowledge questionnaire. The 
subject matter consisted of Alzheimer’s disease information and its related facts. The participants 
were asked 30 questions concerning Alzheimer’s disease and general facts about it. Participants 
selected one of the two possible answer choices and then assessed how sure they were that their 
answer was correct on a scale from 50–100%. For example, participants were asked 
“Alzheimer’s disease is the ___ leading cause of death in America” and were provided with “A) 
10th or B) 6th” as answer options. These participants were then asked on a scale of 50–100% 
how confident they were that the answer they chose was correct. 

Procedure
 As participants entered the testing facility, they were instructed to sign in and were 
assigned a seat at one of the 8 available computers. Participants were told that the informed 
consent and the debriefing would be presented to them electronically but the experimenter could 
provide paper copies of these forms upon request. The experimenter explained that the study 
would be conducted on the computer and that it was a self-paced study. All further instructions 
would be on the screen and the participants were instructed to follow the on screen instructions 
but could ask for help from the experimenter if they needed clarification on any of the 
instructions. First, participants were prompted to provide some demographic information and 
then asked to complete the Big Five Inventory (BFI; Oliver & Benet-Martinez, 1998) followed 
by the Narcissistic Personality Inventory (NPI; Raskin & Terry, 1988). Lastly participants 
answered the 30-item general knowledge questionnaire related to Alzheimer’s disease. Finally, 
participants were given a full debriefing.

Results
Narcissism and Overconfidence 

A bivariate correlational analysis was conducted on the narcissistic personality inventory, 
general knowledge score, mean confidence rating and overconfidence.
Table 1 
Bivariate Correlational Analysis of NPI Score, General Knowledge Score, Mean Confidence, and 
Overconfidence

Source   
General
Knowledge

Mean
Confidence Overconfidence      

NPI Score -0.421* -0.532** -0.475**
Note,*p<0.05,**p<0.01

Descriptive statistics for the narcissism score were: M=15.5, SD=6.05. Average confidence 
was 0.46, and average accuracy was 0.14, resulting in average overconfidence of 0.32. Positive 
correlations were found between Narcissism (M=20.8, SD=3.21) and all other variables; General 
Knowledge (M=14.6, SD=2.9) r=-0.42, p<0.02, Mean Confidence (M=49.3, SD=17.8) r=-0.53,
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Narcissism	and	The	Big	Five	Dimension	Correlations
 A bivariate correlation analysis was conducted on all variables in the two question-
naires listed above. A positive correlation was found between Narcissism (M=15.6, 
SD=6.66) and two of the Big Five Dimensions; Extroversion (M=3.58, SD=0.41) 
r=0.28, p < 0.01; and Neuroticism (M=3.34, SD=0.42) r=-0.19, p<0.05. Individuals 
who reported higher scores on the Narcissistic Personality Inventory also scored sig-
nificantly higher on the Big Five Inventory dimensions, Extroversion and Neuroticism. 
There was also a positive correlation found between Narcissism and Age (M=20.2, 
SD=5.52) r=-0.18, p<0.03. Individuals who reported higher scores on the Narcissistic 
Personality Inventory were consistently younger individuals. 

General	Knowledge	about	Alzheimer’s	Disease
 Due to computer collection errors, two of the 30 question sets listed on the general 
knowledge questionnaire were discarded. The following are the results for the remain-
ing general knowledge questionnaire sets. Scores from 100–90 were scored as an A, 
89–80 would be scored a B, 79–70 would be scored a C, 69–60 would be scored a D, 
and 59 and below would be scored an F. The highest score for the general knowledge 
test was a 74 reached by one participant.  Only 18% of the participants scored between 
60 and 69. The item that most individuals missed was “Memory loss that disrupts daily 
life along with _____ are common symptoms of Alzheimer’s disease.” with A: prob-
lems planning and solving problems and B: Shaking Hands being the possible answer 
choices. The correct answer would have been option A but individuals who were above 
average on the NPI and chose option B showed 80.21% confidence in their answer 
choice that was wrong. A striking 90% of participants scored a 59 or lower on the gen-
eral knowledge questionnaire. Interestingly, 46% of participants reported having had a 
loved one diagnosed with Alzheimer’s disease.

Discussion

 The purpose of this study was to determine if individuals with particular person-
ality types would display greater overconfidence in decision making. In particular, 
researchers sought to show that individuals who report greater narcissism will show 
greater overconfidence in decision making. In addition, researchers sought to deter-
mine how much the average college aged person knows about Alzheimer’s disease in 
order to use the collected data to form additional studies on Alzheimer’s disease.

p<0.00 Overconfidence (M=34.6, SD=17.4) r=-0.46, p<0.01. Individuals who reported higher 
scores on the Narcissistic Personality Inventory also showed significantly higher scores on the 
general knowledge questionnaire. In addition, individuals who reported higher scores on the NPI, 
showed significantly higher confidence ratings in their reported answers than did individuals 
who scored below average on the NPI. Lastly individuals who scored above average on the NPI 
showed significantly higher overconfidence in their decision making abilities.  

Narcissism and The Big Five Dimension Correlations 
A bivariate correlation analysis was conducted on all variables in the two questionnaires 

listed above. A positive correlation was found between Narcissism (M=15.6, SD=6.66) and two 
of the Big Five Dimensions; Extroversion (M=3.58, SD=0.41) r=0.28, p < 0.01; and Neuroticism 
(M=3.34, SD=0.42) r=-0.19, p<0.05. Individuals who reported higher scores on the Narcissistic 
Personality Inventory also scored significantly higher on the Big Five Inventory dimensions, 
Extroversion and Neuroticism. There was also a positive correlation found between Narcissism 
and Age (M=20.2, SD=5.52) r=-0.18, p<0.03. Individuals who reported higher scores on the 
Narcissistic Personality Inventory were consistently younger individuals.

Table 2 
Bivariate Correlational Analysis of Big Five Inventory and Age 
Source Extroversion  Neuroticism Conscientious Openness Agreeableness Age
Narcissism 0.279** -0.186* -0.31 0.117 0.128 -0.182*
Confidence   -0.075 0.026 0.045 0.016 0.174* -0.043

Note, *p<.05,
**p< .01 

General Knowledge about Alzheimer’s Disease 
Due to computer collection errors, two of the 30 question sets listed on the general 

knowledge questionnaire were discarded. The following are the results for the remaining general 
knowledge questionnaire sets. Scores from 100–90 were scored as an A, 89–80 would be scored 
a B, 79–70 would be scored a C, 69–60 would be scored a D, and 59 and below would be scored 
an F. The highest score for the general knowledge test was a 74 reached by one participant.  Only 
18% of the participants scored between 60 and 69. The item that most individuals missed was 
“Memory loss that disrupts daily life along with _____ are common symptoms of Alzheimer’s 
disease.” with A: problems planning and solving problems and B: Shaking Hands being the 
possible answer choices. The correct answer would have been option A but individuals who were 
above average on the NPI and chose option B showed 80.21% confidence in their answer choice 
that was wrong. A striking 90% of participants scored a 59 or lower on the general knowledge 
questionnaire. Interestingly, 46% of participants reported having had a loved one diagnosed with 
Alzheimer’s disease. 

Discussion
The purpose of this study was to determine if individuals with particular personality types 

would display greater overconfidence in decision making. In particular, researchers sought to 
show that individuals who report greater narcissism will show greater overconfidence in decision 
making. In addition, researchers sought to determine how much the average college aged person 
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 As predicted narcissistic individuals showed much higher confidence in their abili-
ties to make correct decisions although they were no more accurate than non-narcissis-
tic individuals.  This finding is consistent with prior research (Campbell et al., 2004). 
In the study conducted by Campbell and colleges (2004), participants were asked to 
answer a set of general knowledge questions by selecting one of two provided answer 
choices. Once participants had made their selection, they were then asked to select how 
sure they were they had made the correct decision on a scale of 50–100%; by selecting 
one of several percentage boxes. Campbell and colleges (2004) reported finding that 
narcissism was a significant predictor of overconfidence r=0.28, p<0.01.
 Researchers were surprised to find the considerable lack of knowledge that col-
lege aged individuals reported about Alzheimer’s disease. This result simply confirms 
that individuals need more education about this important disease. According to the 
Alzheimer’s 2014 Facts and Figures report, the baby boomer generation continues to 
progress to the typical age of the onset of Alzheimer’s disease. Due to this fact, it is 
very likely that the elder generation will depend on today’s college aged individuals 
for care. The amount of individuals over the age of 65 is expected to increase from 
13% to over 20% by year 2050 (Alzheimer’s Association 2014 Facts and Figures Re-
port). With this significant incline in elderly Americans, these individuals will show 
higher rates of hypertension, high cholesterol, obesity and diabetes (Blunck, 2014). It 
has been predicted that there will be a greater need for long term care providers such 
as nurses, geriatric care physicians, internal medicine physicians, social workers and 
other supporting staff (Kinckman & Snell, 2002). It would be beneficial to increase 
the awareness of expanding job opportunities in the geriatric field among students and 
university career staff. 

Concluding Remarks

 In sum, results revealed that individuals who score higher than average on the 
narcissistic personality inventory are significantly more likely to be overconfident in 
his/her decision making abilities. While there has been little research to determine if 
narcissistic individuals in particular are more confident than others, the data from this 
study supports this claim and there is little to no literature to prove otherwise. This 
information is important as individuals who are above average in narcissism should 
know that they should consult with others before making major decisions as they could 
be experiencing overconfidence in their decision. This study also demonstrated that 
college aged individuals are dangerously undereducated about Alzheimer’s disease. 
With a potential boom in Alzheimer’s diagnosis on the horizon, the up and coming col-
lege aged individuals should be educated about the impact this boom will have on the 
health care system as well as the employment opportunities that will be available in the 
near future. 
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Parental deception: Investigating the effects of deception on parent-child 
relationships
 
Joscelyn	Cargill	and	Drew	Curtis,	PhD

Abstract

 Deception occurs in everyday life and is an under examined area of research within 
parental-child relational contexts. Thus, the current study investigated the role of de-
ception as it occurs within parent-child relationships. The study recruited 197 college 
students and asked them to complete several measures related to their satisfaction with 
their parents and the frequency and types of deception that their parents have used. The 
results indicated that most people have been lied to by their parents, most lies told by 
parents were white lies, and parental satisfaction is negatively related to the amount 
of deception that parents use. Implications for parent-child relationships and future 
research will be discussed.

*****

Introduction

 Lies are a familiar part of our lives; we tell them and are told them. Scholars 
have long wondered the reason people deceive others, what benefits and 
consequences this deception entails, and even what constitutes deception. 

Deception can be defined as “a successful or unsuccessful deliberate attempt, without 
forewarning, to create in another a belief which the communicator considers to be un-
true” (Vrij, 2000, p. 6). 
 Lies can serve a variety of functions in different situations and in various relational 
contexts (Peterson, 1996; Vrij, 2008). In some situations particular lies, white lies, can 
be seen as necessary for successful social interactions (Bryant, 2008). On the other 
hand, blatant or aversive lies can cause damage to relationships (DePaulo, Kashy, Kirk-
endol, Wyer, & Epstein,1996; Schweitzer, Hershey, Bradlow, 2006). Lying can also 
cause people to lose trust in others (Sagarin, Rhoads, and Cialdini, 1998). 
 Research and literature has extensively discussed the different types of deception, 
its consequences, and dynamics within relational contexts (Peterson, 1996; Sagarin et 
al., 1998; Vrij, 2008). Recently, increased attention has been given to deception within 
the context of parent-child relationships, specifically focusing on child deception (Wil-
liams, Kirmayer, Simon, & Talwar, 2013). However, parental deception appears to be 
an under examined variable of relational deception.
 Some of what has been found in the scant literature is that parents do lie to their 
children, even though they promote honesty (Heyman, Luu, & Lee, 2009). Further, 
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these findings indicate that parents deem lying to be acceptable in particular situations. 
In fact, lies were commonly used to control behavior and emotion. Parental deception 
appears to be a cross-cultural phenomenon, in which parents lie to their children to 
influence behavior (Heyman, Hsu, Fu, & Lee, 2013).
 Scholars have conducted research into the repercussions of different kinds of lies 
(Sagarin et al., 1998), but little has been done on the consequences of parents lying to 
their children. This area lacks empirical investigation. Thus, the current study exam-
ined parental deception and its effects on the parent-child relationship. Specifically, 
examining frequencies of which parents use deception, what type of deception is used, 
what effect it may have on relationship satisfaction, and how it was discussed through-
out childhood. It was predicted that the majority of participants would report that their 
parents have lied to them and that white lies and lies of omission would be reported 
as being told more frequently than other types of lies. It was also predicted that there 
would be a negative correlation between the frequency of reported parental lies and 
parent-child relationship satisfaction. Lastly, it was predicted that participants would 
report that, as growing up, deception was morally unacceptable and punishment was 
the consequence for its use.

Method

Participants
 The current study recruited 197 participants ranging in age from 17 to 57 years 
(M= 20.09, SD = 4.19). Most participants were women (76%) and largely identified as 
Caucasian (48%). Most participants indicated that they grew up with their biological 
mother (95%) and a large percentage grew up with their biological father (75%).

Materials 
 The current study used four instruments: Demographics Questionnaire, Percep-
tions of Parents Scales, Types of Parental Communications Questionnaire, and Fre-
quencies and Perceptions of Deception Questionnaire.

 Demographics questionnaire. The questionnaire asked participants to provide in-
formation about age, sex, gender, ethnicity and race, education, parents, and parental 
education. Subsequently, the questionnaire asked participants to indicate their satis-
faction with their relationship to their parent(s) on a Likert-type rating scale (1 = Ex-
tremely unsatisfied, 5 = Extremely satisfied).

 Perceptions of parents scales-College student scale. The Perceptions of Parents 
Scales-College Student Scale was developed by Robbins (1994) to investigate parental 
involvement, autonomy support, and warmth. The measure consists of 42 items: 21 
for mothers and 21 for fathers. The measure contains 6 subscales which include: (a) 
Mother Autonomy Support, (b) Mother Involvement, (c) Mother Warmth, (d) Father 
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Autonomy Support, (e) Father Involvement, and (f) Father Warmth. 
 Types of parental communications questionnaire. The Types of Parental Communi-
cations Questionnaire was adapted from Peterson (1996) and consisted of participants 
being asked to read a series of scenarios and respond to questions regarding how often 
their parents have or would use that type of communication and how they perceive 
the type of communication. The scenarios and questions were similar to those used in 
another study that explored deception in intimate relationships (Peterson, 1996). The 
scenarios retain the type of deception used but have been changed to reflect content of 
parental deceptions.

 Frequencies and perceptions of deception questionnaire: The Frequencies and Per-
ceptions of Deception Questionnaire consists of 29 items that ask participants to report 
their perceptions of the frequencies of parental deceptions and whether they deem 
being told about some mythical characters as parental deceptions. The questionnaire 
begins with a statement indicating that the investigators do not condone or condemn 
deception. Then, participants are asked questions about whether their parents have ever 
lied to them and the frequency of use on a Likert-type rating scale (1 = Never, 5 Often). 
Next, participants were asked to indicate their opinions on five items that asked about 
how morally acceptable lying was and their consequences for lying on a Likert-type 
rating scale with a no difference anchor point (1 = Significantly agree, 3 = No differ-
ence, 5 = Significantly agree).

Procedure
 The study was initially approved by the Institutional Review Board. The study 
was conducted completely online through a secure research host site, Psychdata. The 
study’s link was posted in Angelo State University’s Sona-Systems. Participants were 
able to select the study, if they chose to participate, from Sona as a research component 
of a course for extra credit in a course.
 Once participants selected the link to the study they were presented with an in-
formed consent. After providing consent, participants were asked to complete the De-
mographic Questionnaire. Next, participants were provided with the Perceptions of 
Parents Scales-College Student Scale (Robbins, 1994). Then, participants were asked 
to complete the Parental Communications Questionnaire followed by the Frequencies 
and Perceptions of Deception Questionnaire. Lastly, participants were provided with a 
debriefing form.

Results
 Descriptive statistics revealed that most participants indicated that their parents 
have lied to them (90%); however, only a small percentage (5%) endorsed that their 
parents lied often. In support of the hypothesis, a strong negative correlation was found 
between reported parental satisfaction and perceived parental deception (r (188) = -.48, 
p < .001). This finding was present when analyzing parental deception individually, 
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for perceived mother deception (r (189) = -.45, p < .001) and father deception (r (185) 
= -.32, p < .001). Further, a strong negative correlation was found between amount of 
deception perceived from the mother and the mother’s involvement, autonomy support 
and warmth (r (195) = -.43, r (195) = -.48, r (195) = -.49, p < .001). Also, a strong nega-
tive correlation was found between amount of deception perceived from the father and 
the father’s involvement, autonomy support and warmth (r (191) = -.46, r (191) = -.39, 
r (191) = -.47, p < .001). 
 A repeated measures MANOVA was conducted to test types of lies, as a repeated 
measures variable, across the measures of parental use and the likelihood to use. The 
results showed a statistically significant difference between the types of lies across all 
measures,	F(20, 159) = 23.44, p < .001, ɳp

2 = .75. Univariate tests also indicated sta-
tistically significant differences among the type of lies used by mothers, (F (5,178) = 
106.74, p < .001, ɳp

2 = .38) and fathers (F (5,178) = 85.33, p < .001, ɳp
2 = .32). Also, 

the likelihood to use particular types of lies differed for mothers, (F (5,178) = 104.86, 
p < .001, ɳp

2 = .37) and fathers (F (5,178) = 80.36, p < .001, ɳp
2 = .31). Pairwise com-

parisons revealed that mothers (M = 4.03, SD = 1.13) and fathers (M = 3.83, SD = 1.20) 
used white lies more often than all other types (p <.001) and omissions were reported 
as least used by both mothers (M = 1.65, SD = 1.09) and fathers (M = 1.74, SD, 1.11; p 
<.001).
 A repeated measures MANOVA was conducted to test types of lies, as a repeated 
measures variable, across the measures of how affective, serious, and honest they are. 
The results showed a statistically significant difference between the types of lies across 
all measures, F(35, 138) = 29.90, p < .001, ɳp

2 = .88. Univariate tests also indicated 
statistically significant differences among the type of lies used and their seriousness, (F 
(5,172) = 31.93, p < .001, ɳp

2 = .16), how affective (F (5,172) = 160.57, p < .001, ɳp
2 

= .48), blameworthy, (F (5,172) = 141.72, p < .001, ɳp
2 = .45) destructive, (F (5,172) = 

138.71, p < .001, ɳp
2 = .45), and honest (F (5,172) = 72.66, p < .001, ɳp2 = .30). Also, 

the type of lies differed by preferred use (F (5,172) = 165.38, p < .001, ɳp
2 = .49) and 

use instead of an argument (F (5,172) = 88.49, p < .001, ɳp
2 = .34). Pairwise compari-

sons revealed white lies were least serious (M = 2.17, SD = 1.33), more positive (M = 
4.28, SD = .85), more praiseworthy (M = 1.92, SD = 1.03), more helpful (M = 1.86, SD 
= .89), more honest (M = 3.05, SD = .92), more likely to be used (M = 4.24, SD = .89), 
and preferred to an argument (M = 4.23, SD = .95).
 One-sample t-tests were conducted on the acceptableness, morality, truthfulness, 
parent values, and parental consequences of deception in the participants household 
(Bonferroni correction = .01) compared to a no difference anchor of three. Results 
revealed statistically significant differences for all items from the no difference anchor. 
Lying was deemed unacceptable (M = 4.05, SD = 1.07), t(193)=13.63, p < .001, and 
morally wrong (M = 4.21, SD = .99), t(193)=17.08, p < .001. Participants were told 
to always be honest and truthful (M = 4.66, SD = .64), t(192)=36.00, p < .001, were 
punished for lying (M = 4.40, SD = .94), t(191)=20.64, p < .001, and not rewarded for 
lying (M = 1.17, SD = .50), t(192)= -51.44, p < .001.



Crius: Angelo State Undergraduate Research Journal180

Conclusion

 The current study found that many people report that their parents have lied to 
them. Also, there was a negative correlation between the amount of perceived lies told 
and satisfaction within the parent-child relationship. Participants indicated that as the 
number of lies they thought their parents told them increased, their satisfaction with 
the relationship with their parents decreased. However, a correlation was not found 
between the perceived severity of the lies told and relationship satisfaction. Therefore, 
it seems that regardless of the perceived threat, the more lies told are related to less 
relational satisfaction. 
 Types of lies told appeared to differ for parents, mother and father, as they told 
more white lies than any other type. Majority of participants also felt like this kind of 
deception had a positive effect on them and stated that they would be more likely to 
use this kind of deception with children than the other types.  This was an interesting 
find because even though there was a negative correlation with parental deception and 
relationship satisfaction, the participants rated white lies as the type of lie perceived 
as most told and that it had a positive effect. One possibility is that when participants 
were asked to report the frequency of parental deception, they were not thinking of or 
counting white lies. Another possibility is that people may be unaware of the effects of 
white lies. This explanation may be more plausible based on the findings from Kaplar 
(2006), revealing that white lies were negatively correlated with romantic relationship 
satisfaction. Also, in romantic relationships, people who are willing to tell their signifi-
cant others white lies prefer to not be told white lies (Hart, Curtis, Williams, Hathaway, 
& Griffith, 2014). Lastly, telling little white lies has been shown to lead to more nega-
tive experiences (Argo & Shiv, 2011).
 In the current study, it was reported that parents encouraged honesty and punished 
lying behaviors. This find parallels with other research (Heyman et al., 2009). The 
dynamics between the parent-child relationship may elicit what is deemed as moral 
hypocrisy (Batson, Thompson, Seuferling, & Strongman, 1999; Batson & Thompson, 
2001). It has been suggested that moral hypocrisy can be found in telling white lies 
within romantic relationships (Hart et al., 2014). Parents may send mixed messages by 
telling their children to not lie and then encourage them to lie to uphold social status. 
Continuing and refining this research is encouraged to strengthen the current research 
on parental deception. Future studies could examine the same aspects in this study 
from a parent’s point of view instead of the child’s. Also, a limitation of the current 
study was that participants were largely a university convenience sample. It may be 
worthwhile to examine parental deception with children who are in early childhood 
stages. This may promote research within the area of parental deception. In conclusion, 
parents are perceived to lie, often through white lies, and deception affects the parent-
child relationship.
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Facial Symmetry Perceptions in College Students
 
Makenzie	Ocker	and	Crystal	Kreitler,	PhD

Abstract

 There has been a significant amount of research conducted investigating facial 
symmetry. Much research shows support that symmetrical faces will be perceived as 
more attractive, friendly, and dateable. Perrett, Burt, Penton-Voak, Lee, Rowland, and 
Edwards (1999) made significant advancement to symmetry and attractiveness percep-
tions. The current study sought to replicate and extend previous work. The participants 
were given a demographic form followed by four pictures (2 symmetrical, 2 asym-
metrical, 2 women, 2 male) utilized in prior research. Next, participants were given a 
twelve item questionnaire assessing perceptions of the targets in pictures. We hypoth-
esized that individuals would report a greater likelihood to trust, date, and befriend 
more symmetrical faces versus the asymmetrical faces. Results revealed that there was 
significant support for trust in symmetrical faces. Implications of the findings will be 
of particular interest to plastic surgeons, marketers, and people in the fashion industry.

*****

Introduction

 Facial symmetry is a process that occurs when people first perceive a face. 
This process typically occurs unknowingly in the brain. A study conducted 
by Perrett and colleagues (1999), found that many participants perceived 

the more symmetrical face to be more attractive each time. After the study concluded, 
the researchers asked the participants to explain to them what reasons they had for 
deciding if a person was more attractive or less attractive. Out of the forty-nine par-
ticipants, only one mentioned how symmetrical the face was, all others commented on 
facial aspects that were easy to notice like the eyes, mouth, and the overall expression. 
The study demonstrated how determining facial symmetry is automatic and barely 
noticeable, yet the most symmetrical faces were always rated higher on attractiveness.  
Scheib, Gangestad, and Thrnhill (1999) experimented with facial symmetry and a fe-
male’s perception of attractiveness among male pictures. They concluded that there is 
a correlation between males’ symmetrical faces and the female perceptions of males’ 
attractiveness in the photographs.
 A study conducted by Milutinovic, Selic, and Nedeljkovic (2014), compared sym-
metry of average women and models. They found that the models had facial symmetry 
that was in proximity to the perfect ratio and the average women were more distant 
from the perfect ratio. The proximity to the perfect facial ratio could be a reason people 
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find models more attractive and desirable than most average women.
 Facial symmetry affects more than attractiveness perception; it also influences how 
likely a person is to be bullied and how trustworthy they appear. Horwood, Waylen, 
Herrick, Williams, and Wolke (2005) tested bullying in children who have visual de-
fects. They found that peers would overtly bully other children with a visual impair-
ment, (i.e, the use of glasses). This supports that having physically different faces of-
ten lead to more bullying. Feragen, Borge, and Rumsey (2008) tested how children 
with the facial deformity, cleft lip and/or palate are treated by their peers. They asked 
both the children and their parents’ questions about bullying towards the child. They 
concluded that children with a facial deformity are bullied, ostracized, and that they 
have more difficulty making friends. It seems that, without noticing, children use facial 
symmetry to assess what is normal and what is abnormal. Wilson and Eckel (2004), 
tested how attractiveness affects trustworthiness perceptions. Participants received ten 
experimental lab dollars and were told to send a whole dollar amount to their counter-
part, who they did not know. The only information they received before sending the 
money was a picture of their counterpart. The counterpart would then guess, based on a 
picture of the person sending the money, how much was sent. After data analyses, they 
concluded that more money was sent to the attractive participants. The average dif-
ference between the money sent to the attractive person as opposed to an unattractive 
person was thirty-four cents, reflecting that there was indeed a beauty premium of 7.2 
percent. 
 There is evidence to suggest that facial symmetry plays an important role on how 
people view and treat their peers. The purpose of this study was to investigate the re-
lationship between facial symmetry and perceptions of attractiveness, trustworthiness, 
and likeability. We hypothesized that individuals would report a greater likelihood to 
trust, date, and befriend more symmetrical faces versus the asymmetrical faces. 

Method

Participants 
 One hundred and twenty-five undergraduate students (84 females and 41 males; 
average age=19, SD=3.9) from Angelo State University were recruited. The sample 
consists of 56.8% Caucasians, 12% Black/African American, 24% Latino/a or His-
panic, and 2.4 Asian/Asian American. Participants volunteered to participate in this 
research to fulfill a course requirement or receive extra credit for a psychology course. 

 Demographic	 Data. The participants completed a four-item questionnaire. The 
demographic data is a general inventory used to assess general information about the 
participants. Participants responded to items such as “What is your ethnicity” on a 
multiple selection format with an area to type other options.
 Photograph	Evaluations. The participants completed the 12-item questionnaire as-
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sessing mate, social, and trust preferences based on the pictured target person. Partici-
pants responded to items such as “Rate the target person based on how attractive you 
think they are” on a Likert-type scale ranging from 1 (unattractive) to 5 (attractive), 
and items such as “I am interested in dating the target person” on a Likert-type scale 
ranging from 1 (agree) to 5 (disagree).

Procedure
 The participants accessed the study through Sona Systems, which then lead them 
to the PsychData program. The program presented the participant with a consent form. 
After informed consent was collected all participants completed the demographic form 
followed by the 12 item questionnaire that assessed the photographs. Upon completion 
of the questionnaires participants were provided with a debriefing statement.

Results
 A one-way MANOVA was conducted on dating items. The main effect for the ex-
perimental condition was significant, F (4, 120) = 19.19, p < .01. Significant univariate 
main effects were obtained for an ethical dilemma, F (1, 123) = 10.43, p < .01. Partici-
pants were significantly more likely to report that they would date the asymmetrical 
male (M = 4.82, SD = .39) as opposed to the symmetrical male (M = 4.46, SD = .80). 
There was no significant difference between dating perception of the asymmetrical 
female (M = 4.34, SD = .94) versus female symmetrical faces (M = 4.60, SD = .74).
A one-way MANOVA was conducted on friendship items. The main effect for the ex-
perimental condition was marginally significant, F (4, 120) = 1.73, p < .10. Marginally 
significant univariate main effects were obtained for an ethical dilemma, F (1, 123) = 
5.33, p < .10. Participants were more likely to report that they would befriend the male 
asymmetrical face (M = 3.62, SD = .85) versus the male symmetrical face (M = 3.22, 
SD = 1.0). There was no significant difference between befriending perceptions of the 
female symmetrical face (M = 3.44, SD = .95) versus the female asymmetrical face (M 
M = 3.10, SD = .90).
 A one-way MANOVA was conducted on trust items. The main effect for the ex-
perimental condition was marginally significant, F (4, 120) = 1.20, p < .10. Marginally 
significant univariate main effects were obtained for an ethical dilemma, F (1, 123) 
= 3.24, p < .10. Participants were more likely to report that they would trust the male 
symmetrical face (M = 2.92, SD = .44) versus the male asymmetrical face (M = 2.51, 
SD = .49). There was no significant difference between befriending perceptions of the 
male asymmetrical face (M = 3.62, SD = .85) versus the male symmetrical face (M = 
3.22, SD = 1.0).

Discussion
 We hypothesized that individuals would report a greater likelihood to trust, date, 
and befriend more symmetrical faces versus the asymmetrical faces. Our hypothesis 
was moderately supported in the area of trust. These findings are consistent with the 
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former literature. The study conducted by Wilson and Eckel (2004) showed support for 
symmetrical faces being more trustworthy versus the asymmetrical faces. 
 Participants were significantly more likely to report that they would date the asym-
metrical male as opposed to the symmetrical male. There was no significant differ-
ence between dating perception of the asymmetrical female versus female symmetrical 
faces. These findings are not supported by previous literature. It is possible that partici-
pants did not find the faces attractive. Future research would benefit by having students 
rate multiple faces symmetrical and asymmetrical on attractiveness and then selected 
the faces with the higher ratings. Overall expression of the target people may have also 
been a limiting factor as to why the results did not support the hypothesis, as in the 
study conducted by Perrett and colleagues (1999).
 Participants were more likely to report that they would befriend the male asym-
metrical face versus the male symmetrical face. There was no significant difference 
between befriending perceptions of the female symmetrical face versus the female 
asymmetrical face. These findings are not supported by previous literature. It is pos-
sible that students had difficulty judging the target person on friendship because the 
images were in black and white or it is possible that the images were cropped in a way 
that made it difficult to judge. 
 In sum, the research supported the hypothesis in the trust area. This result is con-
sistent with prior work conducted on facial symmetry and trust perception (Wilson & 
Eckel 2004). We were unable to replicate other prior studies conducted on facial sym-
metry and attractiveness (Perrett et. al, 1999). These results pertain to everyday life 
because people may treat others differently based on symmetry. Implications of the 
findings will be of particular interest to plastic surgeons, marketers, and people in the 
fashion industry.

References

E. Scheib, S. W. Gangestad, R. Thor, J. (1999). Facial attractiveness, symmetry and  
 cues of good genes. Proceedings:	Biological	Sciences, 1913-1913.
Feragen, K., Borge, A., & Rumsey, N. (2008). Social experience in 10-year-old  
 children born with a cleft: Exploring psychosocial resilience. Norwegian	
	 Foundation	for	Health	and	Rehabilitation.	Vol	46 No.1, 65-74.
Horwood, J. (2005). Common visual defects and peer victimization in children.  
 Investigative	Ophthalmology	&	Visual	Science, 46(4), 1177-1181.
Milutinovic, J., Zelic, K., & Nedeljkovic, N. (2014). Evaluation of facial beauty using  
 anthropometric proportions. The	Scientific	World	Journal, 2014, 8-8.
Perrett, D., Burt, D., Penton-Voak, I., Lee, K., Rowland, D., & Edwards, R. (1999).  
 Symmetry and human facial attractiveness. Evolution	and	Human	Behavior, 295-307.
Wilson, R., & Eckel, C. (2005). Judging a book by its cover: Beauty and expectations  
 in the trust game. Political	Research	Quarterly, 189-202.



Crius: Angelo State Undergraduate Research Journal186

The Effects of Cortisol on the Cardiac Development/Functionality in Zebrafish
 
Miquela	H	Farley	and	Laurel	Fohn,	PhD

Abstract

 Cortisol affects development, not only in zebrafish, but mammals as well. Experi-
ments have concluded that cortisol can affect zebrafish cardiac development, but these 
experiments injected the embryo itself with the cortisol. The aim of my experiment 
was to examine the effect of cortisol on cardiac development by adding cortisol into 
the water, much like the way zebrafish embryos would encounter maternal cortisol in 
their natural environment.1 Based off the results of previous experiments, I predicted 
that cortisol levels in the water would affect the cardiac development of zebrafish. In 
my experiments, I utilized the fast breeding and growing characteristics of zebrafish to 
collect clutches of eggs. I separated the clutches into two groups: cortisol-treated and 
a group without treatment (water). The group without the hormone served as a control 
group to determine the number of embryos in a selection that develop improperly, 
without the treatments. The cortisol-treated tank served as the experimental group. 
Zebrafish were acquired, maintained, and their breeding behaviors as well as develop-
mental stages determined before experimentation. Clutches of eggs were treated and 
documented over the course of three days. After analysis through Chi square testing, 
cortisol appears to affect the cardiac functionality and development in some of the fish 
exposed. 

*****

Background

 Zebrafish (Danio	rerio) are freshwater teleost, often found in home aquari-
ums. Kept at 28.5°C 2  and between 6.8 and 7.2 pH, these fish can thrive and 
mate, producing thousands of eggs in under ten minutes.3  Not only can they 

produce many embryos in a short amount of time, the amount of time between fertil-
ization and hatching is between three and six days, and their translucent bodies during 
development allow for observations that would be difficult to analyze otherwise. Ze-
brafish contain many conserved genes that are similar to humans, making them an ideal 
model organism for studying diseases and disorders.4  Among the observations that 
can be observed are cardiac development and malfunction in zebrafish. Zebrafish em-
bryos are able to survive cardiac malformation and malfunction until the larval stages 
because their small size allows diffusion of nutrients and oxygen from the surrounding 
water to keep them viable, allowing the condition to be studied on a live specimen, with 
a fully formed heart produced around 30 hours post fertilization (hpf).5  
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Cortisol is a lipophilic hormone that is released when an organism is stressed. Maternal 
cortisol levels in zebrafish embryos play an important role in zebrafish development6 
as zygotic cortisol does not change in correspondence to stress until three to four days 
post fertilization.7  As the zygote mitotically divides, the maternally-encoded receptor 
that receives cortisol congregates into high concentrated areas and low concentrated 
areas (notably the head and tail regions respectively), eventually becoming replaced 
with the zygotic receptor after about 24 hpf.8 

Significance
It has been observed that cortisol affects development, not only in zebrafish, but mam-
mals as well.9  Experiments have concluded that cortisol can indeed affect cardiac de-
velopment, but they inject the embryo itself with the cortisol. In the experiment execut-
ed, the cortisol was displaced in the water, much like the way zebrafish embryos would 
encounter maternal cortisol in their natural environment. The experiments performed 
allowed insight into the effects of maternal cortisol on their young, in this instance, 
zebrafish, dispersed the way the mother would provide the hormone. Understanding 
the effects of cortisol on zebrafish cardiac development may provide insight into the 
effects of cortisol/ steroid treatment on the embryos/ fetuses of pregnant women. Based 
off the results of previous experiments, I had predicted that cortisol levels in the water 
would affect the cardiac development of zebrafish. Since cortisol can affect the homeo-
stasis of an organism, it stands to reason that an imbalance of this hormone would re-
sult in an imbalance during development and, therefore, lead to developmental issues.

Method
 The purpose of this experiment was to examine the cardiac physiology of cortisol-
treated zebrafish. Both resting and stressed cardiac states were observed and recorded. 
The following procedure was followed. Two petri dishes were set up: one containing 
fresh water, and the other containing cortisol-treated water. Both contained 1 mL of 
embryo rearing solution. All were maintained at 28.5β, and had a 14 hr light/10 hr dark 
cycle.
 Cortisol treated water was prepared as follows. Add 0.1 g of the hormone to 1.0 
ml of ethanol to dissolve the lipophilic hormone. Add this ethanol/hormone solution to 
100 mL of fresh water. Evapourate the ethanol and add 150 ml more of water for 200 
mL hormone-treated solution. This produced a 1.38 *10-3 M solution. 
 Adult zebrafish tanks were 10L, and maintained at 28.0 β, with a 14 hr light, 10 hr 
dark cycle. Fish were fed two-three times daily with dried pellets. Naturally spawned 
eggs were gathered from the adult tanks. Eggs were collected ten minutes after light 
exposure using a syphoning tube. Eggs were separated into the petri dishes, being sure 
to label the different petri dishes with the appropriate solution. To determine the physi-
ological effects of cortisol on cardiac development and functionality, samples from 
each dish were taken at 12, 24, 36, 40, and 48 hpf, examined microscopically, photo-
graphed, and heart rates determined in the resting and agitated states.
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 To examine the resting state, samples of the clutches were moved from the petri 
dish of fish medium (200 mL of the appropriate solution) to a depression slide. After 
waiting five minutes, embryos were examined under the microscope. Allowing the 
embryos to acclimate for five minutes helps minimize the stress of moving, and allows 
examination of the resting state. Heart movements/beats in one minute were counted 
to determine resting heart rate and are reported as beats per minute (bpm). This was 
performed at 0, 10, 30 and 90 minutes after the initial five minute wait to maximize 
accuracy in resting heart rate.
 To examine the agitated state, following resting state observations, the medium 
was gently stirred for two minutes. Again, heart movements/beats were counted at 0, 
30, and 90 minutes after agitation or until resting state was achieved 
 Statistical analysis was performed using chi-square analysis with the non-cortisol 
treated (water) tank as the expected results. The chi-square result was calculated by 
hand using the following equation (rate of treated-rate of non-treated)2/(rate of non-
treated). The Chi Square analysis was set up to with one degree of freedom since there 
are two variables (treated and non-treated), and the cut off was at 3.814. Any points 
larger than 3.814 were considered rejected results and the likelihood of the same re-
sults occurring in a natural environment were less than 5 percent.

Preliminary Results:
 Preliminary microscopic observation of the embryos suggests that some cortisol 
treated embryos developed pericardial changes. Results from physiologic studies of 
heart rate of cortisol treated embryos and control (water treated) embryos in the resting 
state are seen in Table 1 and in the agitated state are seen in Table 2. Since three of the 
four non-treated eggs had died, the comparisons were taken using the one egg from the 
non-treated, and one singular egg from the treated. This singular egg was used for each 
of the trials in which data was collected.

Table 1. Resting Chi Square results 
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Table 2. Agitated Chi Square Results

Discussion
 Cortisol did appear to affect the functionality and development of some of the 
zebrafish exposed. The longer the fish had been exposed, the more drastic the effect as 
seen in some fish expressing enlarged heart cavities in the cortisol solution, yet none 
of the fish in the non-treated water expressed this phenotype. After exposing zebrafish 
to the cortisol solution for over 48 hours, the heart rate dramatically increased, and 
according to Chi Square analysis this jump did not occur by chance. These results are 
preliminary, however, due to the small number of eggs collected resulting in a small 
pool of data to be compared with each variable and a cortisol solution that kept precipi-
tating out of the solution. 

Future Direction:
 Since three of the four non-treated eggs had died, the comparisons were taken 
using the one egg from the non-treated, and one singular egg from the treated. As the 
experiments were performed on a small number of fish, these experiments will be re-
peated to verify results of the original study. To further analyze cardiac development 
and the effects of cortisol, immunohistochemistry assays will be performed utilizing an 
antibody (AB-MF20) to detect the myosin light chain that controls contractility of the 
zebrafish heart. In a separate set of studies, aldosterone (another steroid hormone) will 
be used to determine whether cardiac functionality and/or development are in part due 
to a hormone added to the water even if the hormone is not synthesized by the organism 
itself. 
 Additional future studies will evaluate cortisol effect on cardiac physiology further 
into development (i.e. after hatching) and when zebrafish fry (rather than embryos) are 
exposed to the same treatments as the embryos in this study. 

(TABLE 2) Agitated Chi Square results 
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1 (Pikulkaew et al. 2011)
2 (Nesan et al. 2012)
3 (“Birds Do It, Bees Do It, Even Zebrafish Do It—Just Too Little - WSJ” n.d.)
4 (Bakkers 2011)
5 (Glickman and Yelon 2002)
6 (Pikulkaew et al. 2011)
7 (Nesan and Vijayan 2012)
8 (Pikulkaew et al. 2011)
9 (Pikulkaew et al. 2011)
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Social Media and its Changes on Student’s Formal Writing
 
Micki	Harris	and	Nicole	Marie	Dilts,	PhD

Abstract

 This study presents information of the changes social media is causing on 
student’s formal writings. The aim of this study was to find some of the 
most common errors that instructors are finding in student’s writing proj-

ects and compare them to errors found on various student run Facebook pages. Face-
book was used in this study over other social media sites because it allows people to 
post longer statuses making it easier to detect errors. Others such as Twitter, Tumbler 
and Instagram were not chosen due to the fact that they have limited character count 
available to each post which encourages the use of internet slang and shorthand. In 
order find the errors instructors are finding I sent out a survey to composition instruc-
tors around campus. The survey covers common errors that instructor find in assigned 
essays and how they are dealing with these problems.

Literature Review: Social Media and its Changes on Student’s Formal Writing
 Most errors that instructors are finding are not just found occasionally in a small 
number of students but are found frequently in most student’s papers. It is important to 
fix these errors and teach students error-free writing to improve clarity and meaning of 
their formal writing. The main issues that most studies are finding deal with spelling, 
grammar, sentence or paragraph structure, and formality. Although these problems are 
evident, most studies come to the general consensus that social media is actually boost-
ing literacy in today’s youth. 

Reading
 Most students are constantly on their phones, computers, and tablets, and are never 
very far from the internet. According to a study done by the Jackson City Patriot staff 
students do very little reading during the summer months while they are out of school, 
but studies done by the Alberta Teachers’ Association and Vicki Coleman argue that 
students are in fact reading more. The study conducted by the Alberta Teachers’ Asso-
ciation surveyed around 5,000 students between the ages six and seventeen. The results 
were that around 20% of students never read fiction or nonfiction books, 67% were on 
different websites weekly, 55% read emails regularly, and 46% checked blogs (Alberta 
Teachers Association 1).  Students may not be reading class material, which may be 
why people think that students are reading less, but they are constantly taking in new 
information every time they access the internet or log onto a social media site. In a 
study conducted by Mary Durlack, she found that students were reading the assigned 
material but would often not participate in class discussions. Durlack came up with the 
idea to use Twitter, after she noticed that the majority of her students were members, 
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to hold class discussions. Her results showed that students that were generally silent 
in class were participating in discussions that were taking place on Twitter, and were 
talking about the assignments outside of class as well by engaging in discussions with 
graduate students.

Creativity
 Along with increasing reading in students, social media and blogs are also increas-
ing creativity. A study conducted by The National Literacy Trust has shown that out of 
3,001 students surveyed 57% who actively blog or are on social media enjoy writing 
more than the students who are not active on social media. These students felt more 
confident in their writing, and believed themselves to be strong creative writers. Stud-
ies done by The Alberta Teachers’ Association and The National Literacy Trust have 
also shown that students who blog or are active on social media write short stories, 
song lyrics, or keep a personal journal. One of the instructors that answered my survey 
also agreed that they believed social media is increasing creativity in students. 

Grammar and Spelling
 A problem that some studies, such as those conducted by the Jackson City Patriot 
staff and Jamie Perkins, are finding is that sites are not encouraging proper gram-
mar usage. Twitter, for example, only lets people post tweets of 140 characters which 
doesn’t always allow for complete sentences, and usually results in run-ons and frag-
ments. Perkins believes that the short character count is leading to a shorter attention 
span when it comes to reading and writing and affecting the ability to write correct 
sentences. This also leads to poor word choice. Students tend to use a short hand of 
internet slang, and abbreviations to keep text short this had led to some students using 
this form of writing in their formal writing. 
Apostrophe usage, especially with words your and you’re, is also usually an error that 
is commonly found. Most students don’t know when to use which form of these words 
and therefore more often use the wrong one. The study done by Jackson City Patriot 
staff attributes these types of mistakes to social media not encouraging careful reading 
and editing of posts.
Spelling is another problem that is a common occurrence. This can also bring up the 
problem of the shorthand communication that is being used. There are some students 
who continuously use the spelling of your or you’re, you and are as “U”, “UR” and “R” 
as if they don’t know the difference between which is right and wrong.
Studies are also find a problem with capitalization. Some students tend to not capitalize 
the word “I” and some proper nouns. Most phones and computers will automatically 
fix some of these errors which causes a reliance to form on autocorrect to catch all 
capitalization mistakes.
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Formality
 Formality is an issue because students are writing their formal papers in a more  
casual  tone. In Jamie Perkins’ study he noticed that people were not using complete 
sentences and were using a shorthand approach in their formal writings. This also 
relates back to the grammar problems. The short hand is decreasing the tone and the 
attitude of these papers which makes it unacceptable for academic and professional 
writing. Even though social media is increasing small talk communications it is greatly 
hurting how students conduct their academic writing.

Methods
 The first part of this study was conducted by using previously existing studies to 
find what other researches were finding. The studies chosen are “Is Social Media Af-
fecting Literacy?”, “Social Media as a Primary Source: A Coming of Age”, “Can So-
cial Networking Boost Literacy Skills?”, “Children Who Blog Or Use Facebook Have 
Higher Literacy Levels” which all conclude that social media is having more positive 
effects than negative on students, and “Twitter and Literacy: Do Young Writers Even 
Know LOL and YOLO Aren’t Real Words?”, and “Texting, Social Media Sites Caus-
ing Bad Habits in Our Students” which argue that social media it hurting literacy skills 
beyond repair. A total of eight sources were chosen each having various results. The 
topics of these studies ranged from grammar to creativity to class room engagement. 
Each of these studies also have various results, some saying that social media is having 
negative impacts, positive impacts, and no impacts.
 The purpose of using the preexisting studies was to find what the most common 
errors were being found. I wanted to examine at a larger scale what errors were be-
ing found to see if those errors could also be found in significant numbers in my local 
research. The most common mistakes I found were grammatical, so I decided to base 
my research on what errors were occurring most on social media and how often those 
errors were being found in students formal papers.
 The next step was to evaluate social media. Facebook was chosen because it allows 
people to write longer post where other social media sites like Twitter have a limit on 
how many characters can go in a post. I selected at total of five student run Facebook 
pages to examine for grammatical and spelling errors, and also how often students are 
using internet slang in their post. The pages chosen were Angelo State Trading Card 
Club, Angelo State Martial Arts Club, Angelo State German Club, Texas Tech Wildlife 
Club, and Texas Tech Bowling Club. I chose these clubs because they are run by stu-
dents that active in the clubs and not officially managed. 
 There were a total of 326 post throughout the five pages going back two years. I 
decided to go back two years to ensure that there would be enough data. When looking 
for the grammatical errors I identified general errors in every post and found a total 
of 270. When counting the spelling mistakes I only found 36 total mistakes and only 
17 uses of internet slang. After finding the number of grammatical errors I determined 
the ones that occurred most commonly. These errors are what I based the survey (see 
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appendix) sent out to Angelo State University English composition instructors. I chose 
composition instructors to survey due to the large amount of essays they review.
 The survey consisted of questions concerning the grammatical errors found in 
the Facebook evaluation, formatting questions on how often students wrongly format 
MLA and APA, and questions on how or if professors are changing their teaching 
methods to accommodate social media practices. Most of the grammatical errors that 
professors found most often were also those found most often in the Facebook post that 
I examined. 
 The majority of the professors surveyed agree that social media is having negative 
effects on students writing. They feel that students don’t know how to write for the 
correct audience, and that they overlook their errors out of habit from ignoring them 
on social media. The way most professors accommodate to the changes in students 
writing is stressing the issues. Professors are pointing out the errors that they find and 
showing students the correct ways to fix these errors. One of the professors surveyed 
said that they show emails and other student’s paper to their students highlighting the 
errors in writing for the correct audience and grammar. 

Results
 I examined the results of the survey and the most common error that was found on 
the Facebook pages, misuse of commas, was said to be found by 100% of composition 
instructors often while the use of internet slang was the only question that some profes-
sors surveyed (18.18%) indicated they never found in students formal papers (Figure 
1). One of the biggest differences I found between the Facebook errors and the survey 
errors is spelling. 
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 In the survey I also included free response questions on how and if instructors 
are changing their teaching methods to accommodate the changes in students’ writ-
ing (Figure 1). Most instructors said that they try to emphasize correct grammar and 
formatting but are not in other ways changing their teaching methods. Of instructors 
surveyed five out of eleven said that they believed that students should know how to 
write for the correct audiences, and that social media is hurting their ability to distin-
guish how to address their formal writing.

 

(Figure one survey questions) 

In the survey I also included free response questions on how and if instructors are changing 
their teaching methods to accommodate the changes in students’ writing (Figure 1). Most 
instructors said that they try to emphasize correct grammar and formatting but are not in other 
ways changing their teaching methods. Of instructors surveyed five out of eleven said that they 
believed that students should know how to write for the correct audiences, and that social media 
is hurting their ability to distinguish how to address their formal writing. 
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Out of the 326 Facebook posts that I reviewed, only thirty-six spelling errors were 
found (Figure 2); however, the survey that was sent out the English instructors indi-
cated that spelling errors are an error that is found most commonly in their students’ 
formal papers (Figure 3). I believe this difference to be the cause of students using 
word that they are not familiar with in their formal papers while on social media they 
use basic and common words that they use every day. 

 

(Figure one survey questions) 

In the survey I also included free response questions on how and if instructors are changing 
their teaching methods to accommodate the changes in students’ writing (Figure 1). Most 
instructors said that they try to emphasize correct grammar and formatting but are not in other 
ways changing their teaching methods. Of instructors surveyed five out of eleven said that they 
believed that students should know how to write for the correct audiences, and that social media 
is hurting their ability to distinguish how to address their formal writing. 

(Figure two Facebook graph) 

Out of the 326 Facebook posts that I reviewed, only thirty-six spelling errors were found 
(Figure 2); however, the survey that was sent out the English instructors indicated that spelling 
errors are an error that is found most commonly in their students’ formal papers (Figure 3). I 
believe this difference to be the cause of students using word that they are not familiar with in 
their formal papers while on social media they use basic and common words that they use every 
day.

(Figure three survey results table) 

Besides misuse of commas and spelling errors the most common errors found in the survey 
were homonym errors and capitalization errors.  The majority of composition instructors said 
that they sometimes to often found these errors in student’s formal writings. These errors were 
also frequently occurring in the Facebook pages that I examined. 

In the survey I also included free response questions on how and if instructors are changing 
their teaching methods to accommodate the changes in students’ writing. Most instructors said 
that they try to emphasize correct grammar and formatting but are not in other ways changing 
their teaching methods. Of instructors surveyed five out of eleven said that they believed that 
students should know how to write for the correct audiences, and that social media is hurting 
their ability to distinguish how to address their formal writing.  

Discussion
This research project had multiple limitations that restricted the results. The main limitation 

was the small sample size and restriction of material. I was unable to review students’ papers 
personally; therefore I had to rely on what the professors surveyed were able to tell me they were 
finding with a limited question survey. Another main problem is the time limitation, with only a 
year to research this topic this problem relates back to having to have a limited sample size. I 
was able to go back two years on the Facebook pages to collect data, but if I had time to go back 
further I could have narrowed down more what mistakes where being made most often on social 
media. This research has potential to improve if the sample size could be increased, and the 
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 Besides misuse of commas and spelling errors the most common errors found in 
the survey were homonym errors and capitalization errors.  The majority of composi-
tion instructors said that they sometimes to often found these errors in student’s formal 
writings. These errors were also frequently occurring in the Facebook pages that I 
examined.
 In the survey I also included free response questions on how and if instructors are 
changing their teaching methods to accommodate the changes in students’ writing. 
Most instructors said that they try to emphasize correct grammar and formatting but 
are not in other ways changing their teaching methods. Of instructors surveyed five out 
of eleven said that they believed that students should know how to write for the correct 
audiences, and that social media is hurting their ability to distinguish how to address 
their formal writing. 
 
Discussion
 This research project had multiple limitations that restricted the results. The main 
limitation was the small sample size and restriction of material. I was unable to review 
students’ papers personally; therefore I had to rely on what the professors surveyed 
were able to tell me they were finding with a limited question survey. Another main 
problem is the time limitation, with only a year to research this topic this problem 
relates back to having to have a limited sample size. I was able to go back two years 
on the Facebook pages to collect data, but if I had time to go back further I could have 
narrowed down more what mistakes where being made most often on social media. 
This research has potential to improve if the sample size could be increased, and the 
social media be expanded to more than only Facebook to observe how students change 
the tone and grammar on the different sites. 
 If this research were to be enlarged to more sites and over a longer period of time, 
I believe that the results would show a larger difference in how students write on social 
media versus how they write in their formal papers; however this research cannot de-
termine how large of a difference it is due to its restrictions. Due to these restrictions I 
could not come to definite conclusions on whether or not social media is effecting how 
students are writing in their formal papers.
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Egg-laying habits of Slosser’s buckmoth (Lepidoptera: Saturniidae) from Andrews 
County in northwest Texas
 
Trilby	King,	Nicholas	Negovetich,	PhD,	Lendon	Partain,	PhD,	
and	Ned	E.	Strenth,	PhD

Abstract

 Hemileuca	slosseri inhabits the rolling sand plains of southeastern New Mexico, 
northwest Texas, and southwestern Oklahoma, where the larval stages of this species 
feed exclusively on the leaves of Quercus	havardii.  Adults emerge in November and 
immediately complete their egg laying activities. Observations in the field during the 
fall of 2013 reveal that many of the newly deposited egg rings were positioned in close 
proximity to existing hatched egg rings left over from the previous year.  This study 
was undertaken to observe the egg laying habits of H.	slosseri in Andrews County and 
determine if there is any correlation between the presence of existing hatched egg rings 
and the deposition of new eggs. 
 In January 2014, a 12 by 40 meter study area was established SW of Andrews, 
Texas.  All egg rings were mapped as to location, and height above ground as well as 
the stem diameter of each egg ring was recorded.  A total of 134 egg rings were ob-
served on the study plot (91 hatched and 43 un-hatched).  
 Height above ground did not vary between new and old egg cases, but new eggs 
were found on smaller stems compared to old eggs.  All egg cases exhibited an ag-
gregated dispersion that appeared to follow the dispersion of the Q.	havardii.  Nearest 
neighbor analysis supports this claim, but it does not suggest an association between 
new and old egg rings.  Therefore, stem diameter and not presence of hatched egg cases 
appears to be the determining factor in the positioning of the new egg rings. 

*****

Introduction

 Hemileuca is one of three different genera within Lepidoptera whose eggs 
overwinter. Agapema within Saturniidae and Malacosoma within Lasio-
campidae also share a similar life cycle. All three genera lay their eggs in 

the same pattern as tight rings around their host plants’ stems. It is thought that this 
method of egg laying is an adaptation for winter survival. Since average surface area is 
greatly reduced by positioning the eggs in tight concentric bands, individual eggs are 
less likely to be damaged by freezing temperatures (Ferguson 1971).
 Eggs are usually deposited in groups of 10 to 71 individuals, 0.3 – 0.6m above 
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the ground on stems 2.5 – 3.5mm in diameter (Slosser 2001). Females tend to choose 
plants along edges of clearings or cattle trails but are known to deposit in dense patches 
of Q.	havardii (Slosser 2001). The distribution of H.	slosseri follows the distribution 
of Q.	havardii closely, and both can be found in sandy plains scrubland in west Texas, 
southwest Oklahoma, and southeast New Mexico. Quercus	havardii often occurs in 
clusters along roadsides in these areas. The leaves of deciduous Q.	havardii are tough 
and leathery, but H.	slosseri’s life cycle allows the larvae to eat the tender leaf sprouts 
in the spring and complete their growth before the leaves become inedible.
 In the field, unhatched eggs of H.	slosseri	from the current year were frequently 
observed in close proximity to hatched eggs from previous years. The goal of this proj-
ect was to determine any possible correlation between the placement of new eggs and 
the position of old eggs, which may indicate some sort of attractant from the hatched 
eggs to the females of the current brood.

Methods
 A 12 by 40 meter survey area was established on a patch of shinnery oak in An-
drews County where H.	slosseri had been observed in large numbers. The location was 
approximately 13 kilometers southwest of Andrews, Texas, adjacent to Highway 115. 
Hatched and unhatched egg clusters were mapped within the grid, and height above 
ground and stem diameter measurements were taken. Two instances of data were col-
lected in January 2014 and January 2015, after all reproductive and egg laying activi-
ties had been concluded. At least two years’ worth of data was needed for analysis, 
because age of the hatched egg rings from the first year of collection was not known. 
Hatched and unhatched egg clusters for each year were marked with different colored 
twist ties so they would not be counted again the following year.

Results and Discussion
 Nearest neighbor analysis revealed that average distance between unhatched eggs 
and hatched eggs or other unhatched eggs was not statistically significant (Table 1), 
which does not support the hypothesis that there is a correlation between the placement 
of new eggs and the position of hatched eggs from the previous year. Hatched eggs 
were found significantly closer to other hatched eggs (Table 1), which likely indicated 
a much larger breeding population of H.	slosseri in a previous year that oviposited on 
similarly-aged stems that were spatially clumped within the habitat.
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Table 1. Average distance of hatched/unhatched eggs from other hatched/unhatched 
eggs was measured in meters. Standard error is shown in parenthesis. 

Observational data would support this claim as well; only three adults were seen flying 
during the January 2015 visit, whereas many adults were seen flying in January 2014. 
Large brood size fluctuations are not unusual for Lepidopterans, or insects in general.
Stem diameter and plant location were likely the largest determinants of egg deposi-
tion. Our results for height above ground data were similar for both hatched and un-
hatched eggs (randomization test, P<0.06) and agrees with data reported by Slosser 
(Figure 1). Stem diameter was significantly different for unhatched and hatched eggs 
(randomization test, P<0.0002; Figure 2).

Figure 1. Average height above the ground for hatched and unhatched egg cases, which 
were not significantly different (P<0.06). The height above ground is similar to those 
data collected by Slosser (2001).

potential predators, and position the soon-to-be hatched larvae in close proximity to an abundant 
food source. 

Based on our findings, females from each year likely chose their egg-laying sites based on 
ideal stem diameter and density of host plant population. It is unlikely that the presence of 
hatched eggs had any effect on the placement of new eggs. Since eggs can remain on a stem for 
more than a year, further data can be gathered that might reveal the history of oviposition 
behavior in an area. Additional field studies are currently underway and should provide a more 
complete resolution of the factors affection oviposition in female moths. 

References 
Ferguson, D.C., 1971. The Moths of North America North of Mexico. Fascicle 20.2A 

Bombycoidea, Saturniidae comprising subfamilies Citheroniina, Hemileucinae (Part). E.W. 
Classey Limited and R.B.D. Pub, Inc. London, UK. 

Slosser, J. E., 2001. Biology of Hemileuca slosseri (Lepidoptera: Saturniidae). Southwestern 
Entomologist, 26(4), 291-296. 

TABLE 1 

FIGURE 1 



Crius: Angelo State Undergraduate Research Journal202

Figure 2. Average stem diameter for hatched and unhatched egg cases. Unhatched eggs 
were found on smaller stems compared to hatched eggs (P<0.0002).

 Stems that were too large or small would not be able to support an ideal egg cluster, 
and would increase surface area, making eggs more susceptible to freezing in the win-
ter. Within the grid, eggs showed a clumping pattern and were much more concentrated 
where the density of	Q.	havardii was highest. This would also reduce exposure to the 
elements, provide shelter from potential predators, and position the soon-to-be hatched 
larvae in close proximity to an abundant food source.
 Based on our findings, females from each year likely chose their egg-laying sites 
based on ideal stem diameter and density of host plant population. It is unlikely that the 
presence of hatched eggs had any effect on the placement of new eggs. Since eggs can 
remain on a stem for more than a year, further data can be gathered that might reveal 
the history of oviposition behavior in an area. Additional field studies are currently 
underway and should provide a more complete resolution of the factors affection ovi-
position in female moths.

FIGURE 2 
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Microwave Absorption by Long and Short Single-Walled Carbon Nanotubes at 
Low Pressure
 
Paritosh	Bhatnagar,	Ivan	Wright,	Sarah	Ferguson,	Garret	Sestric,	
and	Scott	Williams,	PhD

Abstract

 Carbon nanotubes (CNTs) have been observed to emit ultraviolet, visible, 
and infrared radiation when exposed to microwaves [1-4]. We have per-
formed experiments in which both short (0.5 µm - 2 µm) and long (5 µm 

- 30 µm) single and double-walled CNTs were exposed to 2.46 GHz microwaves at 
a pressure of ~10-6 Torr. Structural modifications of the CNTs due to microwave ab-
sorption have been studied using the Raman spectroscopy G-band and D-band intensi-
ties, which suggest that microwave irradiation at relatively low pressure results in an 
increase in CNT defects, especially in the case of the long CNTs. After irradiation, the 
G-bands in both the spectra produced by the short and long CNTs shifted to slightly 
higher wavenumbers. Furthermore, a comparison of the spectra of the radiation emit-
ted from the CNTs suggests that the longer CNTs emitted radiation of much greater 
intensity than the shorter CNTs. Based on the results of the experiments and results 
described in previous reports [3, 4], the ultraviolet, visible, and infrared radiation emit-
ted as the result of microwave absorption by CNTs seems to be primarily blackbody 
radiation emitted due to Joule heating. However, the presence of several broad photo-
peaks in the spectra of the emitted radiation (which do not seem to be related to gases 
absorbed by the CNTs or the presence of catalyst particles) suggest that emissions are 
not the result of Joule heating alone.
 *A full report of the results of this study has been accepted for publication in the 
International	Journal	of	Nanoscience.
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Defining the Seed Bank of a Rare Texas Cactus (Echinocereus chisoensis, 
Cactaceae) in Big Bend National Park
 
Caitlin	Bruns	and	Bonnie	Amos,	PhD

Abstract

 Echinocereus	chisoensis (ECCH), a threatened plant species in the Cactaceae 
family, is restricted to a 10 square mile area within Big Bend National Park, 
Brewster County, TX. The threatened status of the taxon is due to high 

mortality, low seedling recruitment, and predation from both illegal harvesting and 
herbivory. Results from a recent 12-year monitoring survey, show populations are in 
decline. The presence of a seed bank is a vital component of the reproductive ecology 
of any plant species, but particularly so for a rare plant, in that the seed bank stores 
genetic variation and provides insurance for growth and maintenance of populations. 
Our objectives were to determine if ECCH has a seed bank, and if present, describe its 
characteristics. 
Three sites (referred to as Mesa, Ernest, Glenn) were selected for study, each represent-
ing different areas of the taxon’s range. We collected six soil samples (202 cm3 soil 
volume per sample, extending 2.5 cm deep) near each of 60 ECCH plants. Location 
for a sample was determined first by a randomly selected compass heading and then 
distance from the plant base (10 cm and 25 cm). Each sample was stored separately and 
subsequent seed counts for each sample were tied to site, plant identification, distance, 
and direction. Column heights and diameters were measured for each plant and nurse 
plant species noted. 
 A total of 370 intact seeds were found. Models of relationship between seed count 
as a function of site, nurse plant, direction, and distance were constructed using a gen-
eralized linear mixed effect model with Poisson distribution. Plant identification was 
considered a random effect. The simplification model used was Akaike’s information 
criterion. Results showed that the number of seeds declined as distance from the plant 
increased (average seed count: 10 cm=1.42, 25 cm=0.64). The species of nurse plant 
did not play a role in seed count. Using a linear hypothesis, differences in seed counts 
at Ernst and Mesa sites were not significantly different, but counts at Glenn were lower 
and statistically different from both Ernst and Mesa. Seed counts for samples were 
sorted by direction into west, south, east, or north quadrats. A Tukey’s post hoc test 
showed average seed count was dependent on ordinal direction. Counts between east 
and north and between south and west were not significantly different; however, all 
other directional interactions were significantly different from one another with the 
highest seed counts in the south and west quadrats. Based on these results, ECCH has 
a small seed bank with the largest component located south and west of the plant and 
near the plant.



Crius: Angelo State Undergraduate Research Journal206

 Germination tests are currently being used to test the viability of harvested seeds. 
Additional statistical analyses (i.e. plant volume and seed number, location and seed 
viability) will be conducted. The completed manuscript will be submitted to the Jour-
nal	of	Arid	Environments for publication consideration.
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Investigating the Seed Bank of the Rarest Morning Glory 
(Bonamia ovalifolia, Convolvulaceae)
 
Dayoung	Kim	and	Bonnie	Amos,PhD

Abstract

 A natural plant seed bank is a reservoir of seeds stored in the soil. Seed banks 
are important because they provide a source for new offspring to maintain 
populations and survive catastrophic events; they also conserve genetic 

diversity from previous generations. Lastly, the number of viable seeds in a seed bank 
can provide an estimate of the potential for species survival.  The big pod bonamia 
(Bonamia	ovalifolia) is a rare morning glory currently known from only five sites in 
Big Bend National Park, Texas. All populations occur in habitats vulnerable to flood-
ing and/or erosion. The primary objectives of this investigation were: (i) determine if 
Bonamia	ovalifolia (BOOV) has a seed bank, and (ii) if present, compare the size and 
viability of the seed bank at two seasons during the year.
 After surveying existing populations, we selected Maverick Road population for 
our study site since it was one of the largest populations, was composed of healthy 
plants, and provided a suitable habitat for seed retention. In August 2014, we selected 
31 BOOV plants of reproductive age for study. The size of each plant was measured 
and the data used to calculate the canopy surface area. The location of each plant 
was recorded using a Trimble XL GPS unit. We then collected four soil samples from 
each plant by hammering a metal ring into the ground 5cm deep at the outer edge of 
the plant, which represented a soil volume for each sample of 397cm3. Placement of 
the ring was determined by compass readings of 0, 90, 180, and 270 degrees from 
the center of each plant. The soil was spooned from the ring into a labeled paper bag; 
each sample was processed separately.  In December, we returned to the site and again 
collected four soil samples from each of the 31 plants but shifted the sample locations 
45° from the August locations (i.e. NE, SE, SW, NW). Seeds were filtered from soil 
samples from both collections using a series of sieves with progressively smaller grid 
openings. 
 Only ten B.	ovalifolia	seeds were harvested from August soil samples; the seeds 
were from seven plants. A total of 17 seeds were harvested from the 124 December 
samples; seeds were found at six of the plants. Two plants yielded seeds at both sam-
plings. The number harvested is far below seed bank counts for reports from other 
members of the morning glory family. The small number of seeds may be a result of a 
depleted soil bank after several years of severe drought reduced flower and fruit pro-
duction; plants flower after summer or early fall rains. In addition, based on previous 
studies, the seed rain for this species is limited by the number of seeds produced per 
flower. Each flower has the potential to form four seeds but production of one or two 
seeds from each fruit is common. The species may have a small transient seed bank 
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or seeds are more widely dispersed from the plant and not captured in our sampling 
design. Capsules dry on the plant and, when mature, are released from the plant by an 
abscission zone on the peduncle. Fruits appear to be easily blown or washed away from 
the plant. Evidence supporting this hypothesis is the presence of multiple BOOV plants 
along the edge of small washes. Additional investigation is needed to better define the 
seed bank.
 To determine the most effective method for estimating seed viability, we conduct-
ed pilot studies on seeds collected in August 2014 by investigators from the Boquillas 
Canyon BOOV site and older seeds (1997) obtained from the Desert Botanical Garden.  
Initially we tested seed viability on 15 seeds using a 0.6% tetrazolium solution; 14 of 
the seeds stained red, indicating a viable embryo and high viability (93%).
 Germination trials were conducted for additional evidence of viability and to test 
for seed dormancy. Because morning glory seeds often have very hard, water imperme-
able seed coats, we tested the impermeability of the seed coat. We weighed both old 
(1997; N = 20) and young seeds (2014; N = 10) and then placed the seeds in water and 
weighed them again after 24 hours. None of the 30 seeds gained appreciable weight. 
Each seed was maintained separately in a labeled petri dish with moistened germina-
tion blotters below and above the seed. Petri dishes were incubated at 30/20°C (12hr 
light/12hr dark). Each seed was observed daily and reweighed upon appearance of 
the radical. Percentage of weight gain ranged from 143% to 257%, with an average 
increase of 173%. Eleven of the 30 seeds did not germinate; four of these died. Time 
from soaking in the water to germination varied greatly, ranging from 2 days to 106 
days. The average number of days to germination was 41 with a bimodal distribution 
of 34 and 70.  Based on these results, BOOV seeds have a physical dormancy from an 
impermeable seed coat as reported in other members of this family. 
 Several pre-treatment tests (i.e. dipping seeds in concentrated sulfuric acid, placing 
seeds in boiling water in varying intervals, piercing the seed coat) produced an increase 
in germination rate but not in overall number of germinations. Germination rates were 
slightly higher when a small hole was made through the seed coat using a dissecting 
needle. Nine germination experiments were conducted to determine germination per-
centages; germination percentages ranged from 20% to 56% with an average of 40% 
(N=105/260). Results were not significantly different between the old and young seeds, 
showing a potentially long life for seeds, at least in laboratory conditions. Germination 
tests were then conducted on the 27 seeds from the soil samples; each seed coat was 
pierced as a pretreatment. Five of the 10 seeds (50%) from the August sampling germi-
nated while only 3 of the 17 seeds (18%) from the December sampling germinated for 
an overall average of 30%. The experiment only lasted five days because seeds that did 
not germinate were quickly overcome by fungal growth and died; this was a problem 
that was not encountered in any of the other germination tests.
 Based on the results of our investigation, BOOV has an extremely small seed bank 
with low germination. Our results may show unique conditions for BOOV or, we may 
be recording how a multiple-year drought can impact a rare plant’s seed bank and its 
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potential for survival. In future investigations we will test seed longevity in field condi-
tions, measure seed rain over multiple years, map seedling production, and continue to 
study what conditions are needed for BOOV seed germination.
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Integrated Pest Management for the Angelo State Natural History Collections: 
an Approach for Small Collections
 
Barbara	Welch,	Marcia	A.	Revelez,	and	Robert	C.	Dowler,	PhD

Abstract

 The Angelo State Natural History Collections (ASNHC) are located at Ange-
lo State University, San Angelo, TX and are comprised of 5 collections: the 
Herbarium, Frozen Tissues, Herpetology, Mammalogy, and Ornithology. 

Of these collections, the Herbarium, Mammalogy, and Ornithology collections are at 
high risk for potential pest infestations. Four species of pests have been detected in 
these collections: Red-Legged Ham Beetle (Necrobia	rufipes), Webbing Clothes Moth 
(Tineola	 bisselliella), Casemaking Clothes Moth (Tinea	 pellionella), and Drugstore 
Beetle (Stegobium	paniceum). Prior to 2013, these infestations remained continuous 
but fluctuated in concentrations and attempts to manage the problems had been mostly 
reactive. A preventive approach is critical to ensure the longevity and safety of the ap-
proximately 150,000 specimens housed in the ASNHC. In July 2014, an assessment 
of the ASNHC began to determine severity of infestation and ways to mitigate dam-
age. The assessment included a thorough inspection of each cabinet in the Herbarium, 
Mammalogy, and Ornithology collections. Within each cabinet, drawers were evalu-
ated on a scale of 0-4, ranging from no signs of pests to live pests present. Cabinets 
with live pests were treated at -20°C. Drawers were then vacuumed to provide a clean 
baseline for future case inspections. The cabinet inspection showed no signs of pests in 
the Herbarium, though five of the fifty-three cabinets in the Mammalogy and Ornithol-
ogy collections had at least one live pest present. Additionally, ten blunder traps were 
monitored monthly for presence of pests. After initial monitoring began, efforts were 
made to improve housekeeping and additional preventative policies were instituted in 
collection areas. Data from the blunder traps suggest a decline in pest activity after 
policies were initiated. This research is now being used to develop an Integrated Pest 
Management Plan for the ASNHC.

 The results of this research will be submitted to Collection Forum, a publication of 
The Society for the Preservation of Natural History Collections.
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Jack Rebrovich worked with Dr. Trey Smith during the 2014-15 academic year while 
attending Angelo State University.

Caitlyn Conaway worked with Dr. Trey Smith during the 2014-15 academic year 
while attending Angelo State University.

Jeremy Porche worked with Dr. Trey Smith during the 2014-15 academic year while 
attending Angelo State University.

Shelby Robertson worked with Dr. Trey Smith during the 2014-15 academic year 
while attending Angelo State University.

Jordan Gray received her B.A. in English from Angelo State in May 2015, where she 
also participated as a pentathlete and heptathlete on the track and field team for four 
years. Next year, she will be attending the doctoral program in English at Texas A&M 
University, concentrating on early modern English literature.

Duncan McCain Knox graduated from Angelo State University in May 2015 with 
a Bachelor of Arts degree with Highest University Honors in history with an English  
minor. Duncan will pursue a Masters of Arts in history at Texas Tech University in the 
fall of 2015 to begin his journey towards becoming a university professor and research-
er. He was awarded the AT&T Chancellor’s Fellowship to support his graduate studies.

Tyler Hastings is a senior at Angelo State University studying Theatre. He plans to 
become a professor, instructing acting and directing. He is in the process of finding a 
graduate program for next fall.

Elizabeth Vest graduated Summa Cum Laude from Angelo State University in May 
2015 with a Bachelor of Art in Psychology with minors in German and Creative  
Writing. She has been accepted into Angelo State University’s graduate program in 
Counseling Psychology. She is interested in the field of Forensic Psychology.

Jennifer deBie worked with Dr. Terry Dalrymple during the 2014-15 academic year 
while attending Angelo State University. For 2014-15, Jenni is in the MA in Creative 
Writing program at University College Cork. 



Crius: Angelo State Undergraduate Research Journal213

Alyssa Giles worked with Dr. Tay Hack during the 2014-15 academic year while 
attending Angelo State University.

Sawyer Ricard is a senior at Angelo State University studying English with a concen-
tration in Technical Writing. She is interested in publishing and will attend the Univer-
sity of Houston-Victoria next fall.

Evelyn Sullivan graduated with honors from Angelo State University with a Bachelor 
of Arts in Communication in 2015 and will attend San Jose State University beginning 
fall 2016 seeking a Master of Arts in Communication Studies.

Brittany Trubenstein graduated from Angelo State University in May of 2015 with 
a bachelor’s degree in Psychology. She is a member of Psychology Club, Psy Chi 
National Honors Society, Alpha Chi National Honors Society, Phi Kappa Phi National 
Honors Society and Who’s Who Among College Students in American Colleges and 
Universities. Brittany has been accepted to University of California and will pursue her 
PhD in Psychology. 

Joscelyn Renee Cargill received a Bachelor of Arts in Psychology with Highest Uni-
versity Honors from Angelo State University in 2015. She was inducted into Psi Chi in 
the spring of 2015 and also received the Outstanding Research award. She was listed 
in Who’s Who Among Students in American Universities and Colleges in the spring of 
2014. Joscelyn will attend the Texas Tech University Graduate School in Lubbock, TX, 
to study counseling. She plans to become a licensed professional counselor. 

Makenzie Ocker is currently working toward a Bachelor’s of Science degree in biol-
ogy with a minor in chemistry at Angelo State University. Upon completion of her 
bachelors, she plans to attend graduate school and work toward earning a medical 
degree to be a pediatrician.

Miquela Hope Farley is working towards her Bachelor of Science degree in biology 
with a minor in chemistry while remaining actively involved in the theatre, orches-
tra, Chi Alpha, and honors program. She plans on continuing her research, whether 
through the school or on her own, and has recently become a leader in Chi Alpha.

Micki Harris worked with Dr. Nicole Dilts during the 2014-15 academic year while 
attending Angelo State University.

Trilby King is a sophomore at Angelo State University pursuing a major in biology 
with a minor in geology and education. Currently employed as a Supplemental Instruc-
tion leader at ASU, Trilby hopes to earn her master’s degree in biology and pursue a 
career in science education at the junior college level. 
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Paritosh Bhatnagar is originally from New Delhi, India. He is a senior majoring in 
physics and will be graduating from Angelo State University in May, 2015. He plans 
on getting his master’s degree in medical physics after he graduates. 

Caitlin Bruns is a native of Yorktown, Texas. She is a May 2015 graduate of Angelo 
State University, graduating magna cum laude with a Bachelor of Science in biology 
and a minor in chemistry. Caitlin plans on continuing her education in biology by pur-
suing a graduate degree.

Dayoung Kim graduated from Angelo State University with a B.S. in biology with a 
minor in chemistry May 2015. Dayoung came to Angelo State University as an inter-
national student from South Korea. Investigating the seed ecology of this rare morning 
glory was her first experience in biological research.

Barbara Welch is a senior at Angelo State University studying Biology. She works 
for the Angelo State Natural History Collections in the Biology department. She is in-
terested in the field of museum science and plans on starting graduate school next fall, 
seeking a Masters in Museum Science.


