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With a rapidly changing climate, it is more important than ever to understand 
climate conditions of the past in order to anticipate the climate conditions of the future.  
This study focuses on the information tree cores can uncover about past climate through 
the field of dendrochronology.  Dendrochronology takes advantage of the fact that most 
trees produce annual rings with yearly variation in the width due to limiting factors such 

as rainfall and temperature.  This work investigates the ability of Pinus echinata 
(shortleaf pine) from East Texas to act as proxy data for drought in the region.  Thirty-

three tree core samples were taken at the Sam Houston State University Center for 
Biological Field Studies and processed using standard dendrochronology methods.  The 
master chronology created was then compared to the average Palmer Drought Severity 

Index for each growing season.  No statistical correlation was found between the two, but 
a six-year moving average revealed that the growth of the trees was influenced by land 

management practices through time. 
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CHAPTER ONE 

 
 

Introduction 
 
 
 

Proxy Data 

Understanding climatic conditions and other natural events from the distant past 

can be difficult.  The biggest challenge arises from the fact that events occurring before 

humans or before human history leave no trace in traditional historical documents.  

Luckily, past climate conditions and natural events leave behind traces and evidence in 

places other than traditional historical documents.  These traces that provide clues to the 

past are referred to as proxy data (Cleveland and Morris 2014).  Proxy data can be found 

in many different forms including lake sediments, ice cores, and pollen analysis to name 

a few (Whyte and Tauris 2013).   

The use of ice cores as proxy data is common in the study of past climates on 

Earth.  Layers of isotopes in the ice cores can be used to determine climate trends and 

patterns from the distant past in places such as Antarctica (Okumura et al. 2012).   

Another form of proxy data that is particularly peculiar comes from the middens of 

Neotoma spp. (woodrats).  Woodrats are notorious for collecting a wide range of items in 

their middens, including woven Mexican blankets.  By examining plant macrofossils 

found in woodrat middens, it is possible to determine the past distribution and population 

size of certain types of vegetation (Lesser and Jackson 2011).  Overall, the importance of 

proxy data in reconstructing past climates cannot be over emphasized.  This makes the 

study of tree rings as proxy data a worthy topic of study.
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Overview of Dendrochronology 

Dendrochronology, the study of tree ring structure, has been used for over a 

century to learn more about past events by examining tree ring structure or size.  The 

growth of certain tree rings can reveal to the discerning scientist clues about past 

conditions of limiting growth factors, any factor that limits the growth of an organism, 

such as temperature, rainfall, and other natural disasters (Speer 2010).  Through variation 

in their growth tree rings tell a story of what the climate used to be like. 

The study of dendrochronology is limited to the use of trees that produce annual 

growth rings; this generally excludes the use of tropical trees (Speer 2010). Typically, 

multiple tree cross sections or core samples of trees are taken from an area and crossdated 

with each other to establish a master chronology for that area and to confirm an accurate 

dating of the tree rings (Stokes and Smiley 1968).  A master chronology represents the 

ring widths of a stand of trees. Since the master chronology represents a continuous time 

series, it contains all of the marker rings, rings with identifiable characteristics, and 

allows for an accurate confirmation of the date and timing of a sample.  Widely accepted 

and published programs such as COFECHA and ARSTAN are used to build the master 

chronology (Speer 2010).   

The confirmation of the date of the sample is done by crossdating, which is a 

process of matching the pattern of marker rings with the master chronology (Speer 2010). 

Additional trees can later be added to or compared against the master chronology in order 

to place them accurately on the time line (Stokes and Smiley 1968).  The addition of 

older trees to the master chronology can extend the existing timeline created by the 

chronology further back in time.  This removes much of the individual variability so that 

the master chronology represents the overall stand (forest) growth through time.  The 

addition of samples is also of particular use when the sample’s origin or collection date is 

unknown (Speer 2010). 
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Early Dendrochronology 

One of the earliest examples of a dendrochronology study is in 1914 when A.E. 

Douglas, a dendrochronology pioneer, was examining the growth of trees in relation to 

rainfall (Douglas 1914).  A more recent study attempted a climate reconstruction in North 

Carolina using logs from a dam that had been exposed by heavy rainfall (Van de Gevel et 

al. 2009).  While the statistics in the newer study were a little more sophisticated and the 

techniques more refined, none of the fundamentals have changed over the last century.  

The principles of dendrochronology have been used to settle border disputes, capture Ted 

Bundy, and authenticate the age of the Stradivari Messiah violin.  Due to the wide variety 

of applications, dendrochronology has a wide-ranging assortment of subfields including, 

dendroarchaeology, dendroclimatology, dendroecology, dendrogeomorphology, 

dendrochemistry (Speer 2010).  While each subfield is valuable, this study will focus 

specifically within the subfield of dendroclimatology.    
 
 
 

Dendroclimatology 

Dendroclimatology adds to the variety of proxy data used to examine past 

climates (Speer 2010).  Once again, proxy data are powerful tools that can yield 

important clues about the past and play an important role in climate science.  Since many 

natural processes are dependent on climate, evidence left behind from these natural 

processes can be used to understand past conditions in the environment. While some 

limitations exist, proxy data provides significant insight into past environmental 

conditions (Environmental History 2013).    

For trees to be useful for climatic analysis, they must be chosen from climate 

sensitive sites with the oldest trees possible being sampled to ensure the longest 

chronology possible is obtained.  Tree rings are typically chosen as proxy data for past 

rainfall or temperature, depending on where the samples are taken and what the limiting 

factor for the region is (Speer 2010).  Tree samples can be taken many different places, in 
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different climates, from different species, and in different time scales (Pasho et al. 2011).  

Several dendroclimatology studies from around the world will now be examined to 

illustrate the far-reaching implications that the field of dendroclimatology can have. 
 
 
 

Dendroclimatology Study Across the World 

A 2011 study examined whether or not certain drought indexes, an important tool 

in dendroclimatology that will be discussed more in depth later, were effective at 

predicting the effect of water deficits on a variety of tree species across northeastern 

Spain.  The study included eight different species of trees located in different vegetation 

and climate areas, illustrating the flexible use of dendroclimatology through species and 

geographical differences.  Standard dendrochronological methods were used to process 

all of the samples (Pasho et al. 2011).   

The completed chronology of each species was compared to two different drought 

indexes.  The study found that the growth of different tree species responded differently 

to drought and that trees in more arid regions responded differently to drought than trees 

in less arid areas.  The trees in more arid regions responded to drought after nine to 

eleven months of drought while trees in less arid regions responded after five months of 

drought.  The Pasho study allowed for a better understanding of how different tree 

species are affected by drought along a climate gradient, providing important insights for 

forest management and insights into tree growth that can be applied to future 

dendroclimatological studies (Pasho et al. 2011).  
 
 
 

Dendroclimatology Across the United States 

A 1999 paper by Edward Cook and his team created a drought reconstruction for 

the continental United States.  They analyzed 425 drought sensitive tree ring 

chronologies already in existence that stretched past the 1700s and 1979 (Cook et al. 

1999).  The methods used to collect the samples for the chronologies were similar to 
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those used in the Pasho study, illustrating uniformity in the way dendroclimatological 

studies are conducted  (Cook et al. 1999) (Pasho et al. 2011). Due to the large number of 

chronologies used and wide geographic range covered by the large number of 

chronologies, the study was able to capture regional patterns of drought with high fidelity 

to the Palmer Drought Severity Index (PDSI), a drought index that ranges from negative 

ten to ten with negative ten representing the most severe drought conditions (Cook et al. 

1999).   

The study concludes that additional chronologies in different geographical areas 

would increase resolution of the drought reconstructions.  In addition, the study notes the 

need for chronologies that stretch further into the past to allow for reconstruction of 

droughts that happened even longer ago than were captured by this study (Cook et al. 

1999).   The study definitely leaves room for examination of more localized patterns of 

drought in the United States, a primary justification for the current project.  Since that 

study, more localized chronologies have been created for several regions including 

Texas.   
 
 
 

Dendroclimatology in Texas 

Malcolm Cleaveland’s 2011 study created chronologies from three different tree 

species in Texas Climate Division 5,6,7, and 8 to characterize past droughts in south 

central, southeastern, and west Texas (Cleaveland et al. 2011).  Standard methods were 

used to create the chronologies and the chronologies were compared to the Palmer 

Drought Severity Index, similar to the Cook study (Cleaveland et al. 2011) (Cook et al. 

1999).  The goal of this study was to examine the severity of past droughts so that those 

in charge of water management would be able to plan for realistic worst-case scenarios 

(Cleaveland et al. 2011).   

Analysis of the chronologies constructed for this study revealed that past Texas 

droughts have been more severe than previously thought (Cleaveland et al. 2011).  The 
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Cleaveland study provides important implications for practical water management and 

realistic drought preparations within the state of Texas.   

Another study in Texas took previously constructed chronologies in Texas 

Climate Division 5 to predict the occurrence of drought in the future.  The chronologies 

were used to characterize the duration and severities of the droughts that occurred in the 

climate district for a time period spanning over four hundred years.  Bivariate statistical 

analysis was applied to the past cycles of drought derived from the chronologies to 

predict future recurrences of drought as well as the severity of these recurrences 

(González and Valdés 2003). The study demonstrates one of the most powerful 

applications of dendrochronology, the application that leads to being able to better 

anticipate future drought and inform important water management decisions for the 

future. 

While several chronologies have been constructed in Texas and are available 

through the International Tree Ring Data Bank (ITRDB), no chronologies available 

through the ITRDB have been constructed in Texas Climate Division 4.  In addition, 

many of the chronologies constructed in Texas are limited to post oak and bald cyprus.  

Due to the abundance of pine trees in east Texas and prevalence of drought throughout 

the state, it makes sense to construct a chronology in east Texas to explore drought using 

a species of pine tree.  In addition, with the ever-increasing importance of water 

management in Texas, the emphasis of this thesis within the subfield of 

dendrochronology will be rainfall and drought. 
 
 
 

Drought 

Drought is generally defined as a long period of time with insufficient rain, a 

condition that has serious consequences for agriculture and humans in general.  Drought 

varies throughout the regions of the earth; some places are in what is considered a 

permanent drought while other regions experience more seasonal and cyclical droughts 
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(Britannica Academic 2016).   From the droughts that affected the ancient Mayan people 

to the more recent droughts in East Africa and Texas, drought is a worldwide 

phenomenon that has always affected the agriculture and culture of humans (Iannone 

2014) (Lyon and DeWitt 2012). 

A recent European study found that in addition to the effects droughts have on 

humans, the drought history of an area has a huge impact on microbial communities and 

the cycling of carbon (Fuchslueger et al. 2016).  In addition, recent human induced 

climate change has been implicated in an increasing amount of drought events occurring 

in the Northern Hemisphere.  The increased frequency of severe drought events has 

increased destructive effects such as increased tree mortality and food web disruption 

associated with the drought events (Carnicer et al. 2011).  With the increased frequency 

and wide reaching impacts of droughts, it is more important than ever to understand the 

patterns behind their occurrences and their effects on humans and the environment. 

Since the early 1900s, Texas has had several severe droughts.  From the drought 

that contributed to the Dust Bowl to the drought of record in the 1950s to 2011, the driest 

year recorded in Texas, droughts affect everything from agriculture to native plants and 

animals.  The drought that occurred from 1950-1957 was known as the drought of record 

because it was the worst-case drought scenario that could occur (Texas State Library and 

Archives Commission 2016).  The shortage of water caused long-term changes across the 

state of Texas including a large shift of people living in rural to urban areas (Burnett 

2012).  The 1950s drought can be seen in dendrochronology records across Texas and is 

generally used as the worst-case scenario for water management and drought planning.  

However, evidence from tree rings has suggested there have been even more severe 

droughts that occurred in region in the past (Cleaveland et al. 2011).  With the possibility 

of the reoccurrence of severe drought, it is imperative to fully understand past drought 

scenarios for the purposes of management and planning.  Dendrochronology can help 

lead to this better understanding. 
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Drought Indexes 

 The use of drought indexes facilitates the comparison of different droughts.  By 

having an objective way to compare the severity of droughts, it makes it easier to 

properly plan for droughts as well as study droughts.  In general a drought index 

considers variables like levels of precipitation and rates of evapotranspiration.  Around 

150 drought indexes exist but a popular one used in dendroclimatological studies in the 

United States is the Palmer Drought Severity Index (PDSI) (Zargar et al. 2011).   

Wide spread as well as long term use of the PDSI across the United States of 

America makes it a useful tool for making comparisons about drought across regions 

(Alley 1984). The emphasis of the PDSI is placed on abnormalities of water availability 

rather than simple precipitation levels (Zargar et al. 2011).  Due to the complicated nature 

of drought and the assumptions that must be made to create the PDSI, some people object 

to its use (Alley 1984).  Despite this, PDSI is widely used in research (Zargar et al. 

2011).  As a standardized tool that can be used to compare drought across wide regions it 

is an invaluable tool. 
 
 
 

Current Study 

The current study asks the question: is Pinus echinata (shortleaf pine) growth in 

East Texas affected by rainfall? Since drought is typically a limiting factor in Texas, this 

study hypothesizes that the annual growth rings of shortleaf pine in East Texas will be 

affected by rainfall, providing proxy data for past climate in the region.  In light of the 

fact that drought is increasing in importance and in the tradition of the past studies 

discussed in this paper, this study seeks to expand the geographical range in Texas with 

constructed chronologies as well as increase the species of trees with constructed 

chronologies in East Texas.  To answer the question at hand, the study will create a 

chronology from shortleaf pine and compare the chronology with the PDSI for Texas. 
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CHAPTER TWO 
 
 

Methods 
 
 
 

Site Selection 
 
 

 Samples were taken at the Sam Houston State University Center for Biological 
 
 Field Studies (Fig.1).  The Center has a long history of being used for timber, and as  
 
a fish hatchery for the State of Texas.  It is now owned by Sam Houston State  
 
University and used for a variety of research projects (Center for Biological Studies  
 
2017).  The station is just outside of Huntsville, Texas, in Walker County and lays 
 
 adjacent to National Forest Land.  The Center was ideal for this study because it contains 
 
 a large expanse of trees that could be sampled from with minimal paper work.   

Samples were taken from the east side of the Center, in what is known as Bearkat 

Forest as shown on Figure 1 in order to avoid the Southeast Texas Applied Forensic 

Science Facility.  This study site covered approximately 9,712 square meters, was 

densely forested and primarily contained Pinus taeda (loblolly pine), and shortleaf pine. 

The soil at the site can generally be described as sandy and loamy (McClintock et al 

1979).  Every short-leaf pine in the sampling area that was encountered and positively 

identified was sampled to ensure that enough samples for a dendroclimatology study 

could be obtained.
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Figure 1. This is a map of Sam Houston State University Center for Biological Field 
Studies. Note that the area below the orange highlighted area is known as Bearkat Forest. 
(Photo Credit: Center for Biological Studies 2017) 
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 Shortleaf pine was chosen because it has a long history of being used to construct 

chronologies in regions east of the current study site.  In addition to the precedent of its 

use in other dendrochronology studies, shortleaf pine is abundant in the Sam Houston 

State University Center for Biological Field Studies.  This made it possible to ensure that 

enough shortleaf pine trees were found within the study site to satisfy the sample size 

requirement of at least thirty for a dendroclimatological study. 
 
 
 

Core Taking 

 The day before the extraction of cores took place thirty-five trees were positively 

identified as short leaf pine within the sampling site.  Identification of some trees was 

made difficult by the hybridization of shortleaf and loblolly pine.  Any tree that could not 

be identified with total confidence as a shortleaf pine was excluded from the sampling.  

After a tree was identified as a shortleaf pine, the tree was marked with yellow tape, its 

diameter was measured, and its GPS coordinates were taken.  The location of the trees 

can be seen in Figure 2. 

 

Figure 2. GPS point locations for trees in the study site, using Google Earth software. 
(Photo Credit: Google Earth).  
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An increment borer was used to remove the core sample from each tree. The 

process of using an increment borer is extremely labor intensive.  The person operating 

the borer first approaches the selected tree and places the auger of the borer onto the tree 

at chest height.  At this point the borer should be perpendicular to the tree and parallel to 

the ground.  Carefully, the person taking the core will begin to rotate the handles of the 

borer clockwise while applying a great deal of pressure in the direction of the tree.  The 

utmost care must be taken to insure there is no downward pressure on the borer as this 

could result in a broken increment borer.  The borer is drilled into the tree using the arm 

strength of the person taking the core.  Once the borer has reached halfway through the 

tree, the sampler rotates the handles of the borer counterclockwise two times to make 

sure the core detaches from the tree.  The extractor tray is then inserted into the borer and 

used to carefully remove the core from the tree. This process is shown in Figure 3. The 

individual removing the core is then rewarded with the stunning sight of a fresh tree core 

and the wonderful smell of shortleaf pine.  At this point, the core was transferred into a 

small makeshift tube constructed by plastic fast food straws that had been taped together 

to encompass the length of the core.  After the straw-enclosed core was placed into a tube 

shaped map holder for safekeeping, the increment borer was removed from the tree.  The 

borer was rotated counterclockwise while slightly pulled with a backward force.  After 

the increment borer was removed, 90% ethanol was squirted into the hole created by the 

core removal at the request of the station manager to avoid any harm to the trees caused 

by pathogens.  This lengthy and physically exhausting procedure was repeated over thirty 

five times during the course of two days. 
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Figure 3. The removal of a core from the increment borer (Photo Credit: V. Rose) 

 

Some of the cores were too crumbly to be useful as they crumbled to dust 

immediately upon removal from the tree.  Many of the trees that initially yielded a rotted 

sample produced a usable core on the second attempt.  However, two of the trees did not 

yield a usable core leaving the sample size for the study at thirty-three.  The condition of 

the wood also made it difficult to preserve the bark on the end of the cores that were 

taken.  Consequently, some of the cores taken lacked their bark and first few rings, which 

could have led to possible complications later in the project with dating the cores. 
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Core Preparation 

 After all of the cores had been taken, they were brought to the Baylor Science 

Building for processing.  First, cores were allowed to dry as much as possible while still 

in their plastic straw containers.  The cores were allowed to dry for three weeks before 

the next step.  Each core was then carefully removed from its plastic straw tube and glued 

to a mount constructed from plywood with wood glue.  The cores were glued so that the 

vessel elements of the wood were vertically aligned to ensure that the tree rings could be 

visualized.  The samples were still damp at this point and there was a risk that the wood 

would warp and detach from the plywood mount.  Strips of masking tape wrapped around 

the mount and core were used to reinforce the glue and prevent warping of the core.  The 

mounted samples were allowed to completely dry before the masking tape was removed 

(Fig.4).   

The next step in core processing was to sand down the samples so that the rings 

could be easily viewed under a microscope.  Each sample was sanded three times, each 

time with a progressively finer grained sand paper.  The samples were sanded with 60-

grit, 80-grit, and finally 100-grit sand paper.  A hand-sanding machine was used to speed 

up the process but the delicate nature of the cores still required a patient hand.  After the 

sanding was completed, the rings on the cores were ready to be measured.  The 

completed product of this process is shown in Figure 4 in order to further illustrate the 

process. 
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Figure 4. A tree core that has been mounted and sanded with vessel elements that are 
vertically aligned (Photo Credit: V.Rose) 

 

Measurements 

 Measuring the distance between tree rings on a core sample is a detailed job that 

leaves the person measuring slightly cross eyed from intently staring at a computer screen 

for hours on end.  Measurements were taken using the Velmex Measuring System with 

the Infinity Analyze and Power Term Enterprise (Velmex Incorporated 2016) (Lumenera 

Corporation 2007) (Ericom 2017).  In turn, each core was placed on the moveable stage 

of the Velmex Measuring System, which was connected to a camera that projected the 

magnified image of the core onto a computer screen.  The equipment is shown in Figure 

5.  The first tree ring was then lined up with a mark on the computer screen that served as 

a reference point.  Measurements were recorded at a level of .001 millimeters.  The 

distance between the first tree ring and the second was measured by turning a dial that 

moved the stage and tree core until the second ring lined up with the reference point.  The 

distance between the two was recorded and the two steps were repeated for every tree 

ring along the core.  This measurement procedure was performed on each core sample.  
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Figure 5. Velmex Measuring System and Infinity Analyze Camera (Photo Credit: V. 
Rose) 

 
 
 

Statistical Analysis 

 The process of analyzing the collected data proved to be a difficult process filled 

with roadblocks. In order to begin analysis of the data, the ring width measurements from 

each tree had to be copied and pasted into a spreadsheet, which the Power Term 

Enterprise software had stored in multiple text files for each tree. Configuring the data 

into the format required by the statistical software was difficult because each software 

package required a very specific formatting of the data and file type.  Many hours were 

spent copying and pasting the ring width measurements into different configurations in 

various spreadsheets in attempts to find the format that would work for the software.  In 

addition, there is little information available in the guidebooks for dendrochronology 

statistical packages about the formatting for the input data.  Most of the intricacies of 

correctly formatting the data were learned through a long process of trial and error. 

The first statistical software used on the long road to analyzing that data was 

COFECHA, a statistical package that crossdates new tree ring width files with an 

established master chronology to determine the quality of the new tree ring width 
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measurements (Holmes 1983).  COFECHA should also be able to produce a master 

chronology from the new tree ring measurements (Speer 2010).  COFECHA accepts .rwl 

files for the input files.  Initially the master spreadsheet that contained all of the tree ring 

width measurements was run through CASE, a program that should convert a .txt file to a 

.rwl file (University of Arizona 2017).  However, the data in the master spreadsheet was 

not in the correct format for CASE to do the conversion.  The data was then manually 

rearranged into a format where each tree had a row representing each decade of tree ring 

width measurements.  This still was not the correct format for CASE.  The data from the 

master spreadsheet was then manually arranged by oldest tree ring to most recent tree 

ring with zeroes filling in for the trees that did not have rings stretching back.  This was 

the correct format and the resulting .rwl was run through COFECHA.  More problems 

arose when COFECHA could not be coaxed to save a file that contained a new 

chronology. After countless runs of COFECHA, the attempt to use COFECHA was 

abandoned. 

ARSTAN was the next statistical software on the quest to produce a chronology.  

ARSTAN is software used in dendrochronology to detrend the ring width measurements 

and create a chronology (Cook and Peters 1981)(Speer 2010).  Like COFECHA, 

ARSTAN required an .rwl for input.  A program called TRiCYCLE was used for the 

conversion from a spreadsheet to an .rwl (Brewer et al. 2010).  The formatting required 

for TRiCYCLE was similar to CASE, except cells that contained zeroes for CASE were 

simply left blank.  TRiCYCLE successfully created an .rwl file for each tree, which 

turned out to be problematic for ARSTAN as it tried to detrend and create a separate 

chronology for each tree.  Copying and pasting the .rwl file for each tree into the .rwl file 

for the first tree solved this problem and created a single .rwl file to be read by ARSTAN.  

A standardized chronology detrended with a negative exponential curve was successfully 

created with ARSTAN. 
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The next step was to compare this chronology with the PDSI values for Texas.  

The chronology and PDSI values were arranged into the appropriate format to be read by 

DENDROCLIM, software used for studies of past climate conditions in 

dendrochronology (National Climatic Data Center 2017).  The data was loaded into the 

program several times but the program had an obvious corruption that prevented analysis.  

After much consultation with other dendrochronologists, the user manual and software 

creator, the use of DENDROCLIM was abandoned.  PRECON, software similar to 

DENDROCLIM, was considered for use but purchasing of the software was prohibitive. 

In the end, JMP 13 was used to perform basic statistical tests to analyze the data 

similar to the functions that the DENDROCLIM software would have performed (SAS 

Institute Inc. 2007). Measurements from the chronology created in ARSTAN were pasted 

into a spreadsheet as well as the PDSI, average precipitation, and average temperature 

values from the growing season, February through September, were input.  The 

spreadsheet was then converted into a JMP file.  A bivariate analysis of tree ring width 

and the PDSI was conducted.  A principal component analysis was done with tree ring 

width, average temperature, and average precipitation.  Additionally, a six-year moving 

average was applied to the widths from the chronology and the PDSI.  They were then 

graphed so that their interactions could be better visualized.
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CHAPTER THREE 
 

 
Results 

 
 
 

ARSTAN 
 

Raw and standardized chronologies with negative exponential curves were each 
 

 created in ARSTAN.  The raw chronology is simply an average of the raw ring widths 
 
while the standardized chronology is based on a standardization process, in this case the 
 
negative exponential curve.  The standardized chronology created by ARSTAN that was 
 
used in the analyses for this study is presented graphically in Figure 6.  The standardized  
 
chronology is more useful than the raw chronology for analysis because it further reduces  
 
variability from individual trees (Speer 2010).   
 

 

Figure 6. Graphical representation of chronologies created by ARSTAN (Photo Credit: 
V.Rose)
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Bivariate Analysis 

 The bivariate analysis graphed and analyzed the relationship between the PDSI 

and the width.  As can be seen in Figure 7, there was a large amount of variation in the 

data.  From this analysis no clear relationship between tree ring width and PDSI emerged. 

The r-square value of the line of best fit for the graph presented in Figure 7 was 0.0104.  

This indicates that barely more than 1% of the variation in width is explained by PDSI. 

 

Figure 7. This graph represents the results of the bivariate analysis between tree ring 
width in micrometers and PDSI. For the line of best fit, r-square equals 0.0104.  It is 
important to note the poor fit of the linear line. (Photo Credit: V.Rose). 
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Principal Component Analysis 

 The principal component analysis of the growing season average of temperature, 

the growing season average precipitation, and tree ring width revealed that the 

temperature and precipitation have a large influence on each other as would be expected 

as drought is a lack of precipitation.  Interestingly, the analysis showed that temperature 

had a stronger influence on tree ring width, than precipitation.  There was a correlation of 

0.1286 between temperature and tree ring width rather than the 0.0453 correlation 

between tree ring width and precipitation.  This is more of a comment on the weak 

relationship between tree ring width and precipitation than it is on the strength of the 

relationship between tree ring width and temperature. 
 
 
 

Six-Year Moving Average 

 Plotting the chronology and PDSI values produces a graph that has too much 

variability to distinguish large-scale relationships.  In order to reduce variation and track 

trends, a six-year moving average was applied to the data.  Each year was averaged with 

the five years preceding it using Excel data analysis tools.  In dendrochronology this is 

often referred to as splining and it was used to produce a product similar to what 

DENDROCLIM would have accomplished.  The result can be seen in Figure 8.  As seen 

in Figure 8, reducing the amount of variation produced a graph that allows for visual 

analysis of the relationship between trends in tree ring width and PDSI.  Examination of 

the graph reveals relationships between the two that were not apparent through the 

bivariate analysis and principal component analysis. 



	 22	

 

Figure 8.  This graph of the six-year moving average of PDSI (orange) and tree ring 
width (blue) shows the long-term trends between tree ring width and PDSI.
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CHAPTER FOUR 
 
 

Discussion of Results 
 
 

 
Interpretation of Statistics 

 Contrary to the hypothesis of this study, the growth of short leaf pine in this stand 

of trees is not significantly affected by drought or precipitation.  The low correlation 

between tree ring width and PDSI as well as the low correlation between tree ring width 

and temperature and precipitation in the principal component analysis as seen in Figure 7 

supports this finding.  If drought is not significantly influencing the growth of the trees, 

what is influencing the growth?  Tree growth can respond to several limiting factors at 

one time, leading to difficulties in parsing out exactly what is significantly affecting the 

growth of a tree (Speer 2010).  Close examination of Figure 8 can lead to some possible 

answers to the difficult question of what is influencing growth. 

 The history of how the land was used closely relates to trends seen in Figure 8.  

From this comes a new hypothesis: the way Sam Houston State University Center for 

Biological Field Studies has been used and managed throughout its history has influenced 

the growth of the trees.  From 1900 to 1930, the width loosely follows the PDSI values 

with some delay.  During this time, the site was used for logging and cotton farming 

(Center for Biological Studies 2017).  This likely means that due to logging tree 

populations were not dense and the trees were not competing for space, nutrients, and 

other limiting factors.  It then makes sense that the tree growth would be more closely 

related to climatic influences if the other typical limiting factors were not present.   

 After 1931, the State of Texas operated a fish hatchery on the land.  The 

construction of the hatchery included the construction of a dam on the creek that runs 

through the site (Center for Biological Studies 2017).  This means that there was now a 
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sizeable reservoir near where the trees were growing.  From Figure 8, it can be observed 

that the tree ring width was largely unaffected by drought.  For example, the 1950s 

drought had an extremely small negative effect on the width.  Because this drought of 

record event is used in dendrochronology as a major marker in tree growth, the small 

response shows that there is a major secondary influence on the trees.  This influence 

could be the source of water that was not that far from where the trees were growing.  It 

is interesting to note that the tree growth was less resilient to the secondary drought that 

occurred shortly after the end of the 1950s drought before and after which massive 

prolonged flooding occurred.  During a period with an extremely positive PDSI, there is a 

small drop in tree ring width.  It could be hypothesized that the non-riparian trees were 

inundated with too much water and that saturated soils left the roots water logged and 

trees stressed. 

 The fish hatchery was closed and the dam on the creek was destroyed in 1986.  

Not long after the closure of the fish hatchery and destruction of the dam, the site was 

converted into a site for environmental field studies (Center for Biological Studies 2017).  

At this point, the width of the tree rings begins to follow the PDSI more closely.  There is 

a distinguishable drop in the tree ring width that corresponds with the drought of 2011.  

With more natural management, it is possible that the tree ring width is now more likely 

to be influenced by drought in the future.  The tree ring width could also be influenced by 

competition with nearby trees, as the forest the trees were sampled from was dense. 
 
 
 

Improvements On This Study 

 Having a larger study site for the purposes of a dendroclimatology study would 

have improved the quality of this study because the sample size could have been larger 

instead of meeting just the minimum of thirty trees.  In addition, trees that did not yield a 

high quality sample could have been left out of the study.  That way all of the cores taken 

would be complete and have the bark intact, allowing more precise dating of the cores.  
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Furthermore having more time to complete the study would have improved the study.  

Additional time could have meant sampling more trees over a greater geographical area 

that could have better captured a picture of variation in drought. 

 MeasureJ2X software should have been used to initially measure the tree rings 

rather than Power Term Enterprise.  This software would have put the tree ring width 

measurements in the correct format from the very beginning, as it outputs the 

measurements in decadel format.  The software was not used because the computer 

connected to the Velmex Measuring System with the Infinity Analyze software did not 

have a current license to use the MeasureJ2X software.  The owner of the computer was 

quite assuring that the Power Term Enterprise software would work just as well and that 

there was no need to purchase a new license.  This, however, was not the case.  A lot of 

time could have been saved if the tree ring width measurements had started out in the 

right format and extensive reformatting had not been needed.  While it would have been 

nice to use the preferred dendrochronology specific software to analyze the data, the r-

square value from the bivariate analyses were so low, it is unlikely that the overall 

conclusion of this project would have been any different.  The steps taken also resulted in 

increased proficiency in Excel, JMP, and dendrochronology analysis in general. 
 
 
 

Future Research 

 With future research specific to this site, it would be fascinating to find a way to 

numerically quantify the proposed factors influencing the growth of the trees to see if the 

factors are statistically significant.  Continued research into understanding what controls 

the growth of the trees at this site is important for several reasons.  Perhaps the most 

important reason is that the Sam Houston State University Center for Biological Field 

Studies is home to a species of endangered woodpecker that depends on a healthy forest 

ecosystem for survival. 
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 With the possible improvements on this study in mind, it is easy to define the 

direction that future dendroclimatology research in East Texas in general could go.  The 

future could hold a study that covers a larger geographical scale than this one, perhaps 

taking samples from Sam Houston National Forest, Davy Crockett National Forest, 

Angelina National Forest, and additional private lands.  A species of tree common to all 

of the sites would be chosen to ensure continuity and to distinguish variability throughout 

the sites.  The result would likely be a master chronology for East Texas of a quality high 

enough that it could be uploaded to the International Tree Ring Database and used for a 

variety of climate analysis.  In depth analysis using DENDROCLIM comparing the 

chronology and the PDSI would be an absolute must.  If it is found that precipitation and 

drought are indeed a limiting factor in the region, it would be interesting to apply 

statistical models to the chronology that predict the reoccurrence and severity of drought 

based on tree chronologies.  The results from the last step could have important 

implications for water and drought management in Texas. 
 
 
 

Conclusion 

 The tree rings do not always reveal the expected stories.  Instead of revealing the 

close relationship between shortleaf pine growth and drought, the trees revealed the story 

of the relationship between shortleaf pine growth and the actions of the humans that 

inhabited and managed the site.  Reading the story hidden in the tree rings was a process 

that revealed a lot of lessons about the nature of science and man’s influence on 

ecosystems.  It taught lessons of patience and humility through measuring thousands of 

tree rings and difficult to use statistical software.  Most importantly, the story from the 

tree rings taught the lesson that an unsupported hypothesis can reveal a lot more than 

originally thought and that the light of discovery can be found in unexpected places. 
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