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FROM THE 
DIRECTOR 

T 
HANK YOU for your continued 
support of the Forest and Wild-
life Research Center (FWRC). Our 

faculty, staf, and students have demon-
strated their unwavering commitment 
to delivering research and outreach that 
meets the needs of landowners and in-
dustry alike while also training tomor-
row’s natural resource professionals 
during extraordinary times. And these 
truly are unprecedented times. I am so 
proud of the resiliency shown by our fac-
ulty, staf, and students to continue our 
mission of conserving, managing, and 
utilizing the forest, forest products, wild-
life, and fsheries resources for the bet-
terment of all Mississippians. 

It is my honor to lead such an incred-
ible team of individuals. For 15 years, Dr. 
George Hopper led the College of Forest 
Resources (CFR) and the FWRC. Under 
his capable leadership, the CFR and FWRC 
experienced unprecedented growth and 
prosperity, despite repeated budget set-
backs. During his tenure, our enrollment 
more than doubled, as did virtually every 
measure of research productivity. We are 
a much stronger institute today because of 
his visionary leadership and steady hand. 

While I served alongside Dr. Hopper 
as associate director of the FWRC for 
the past decade, in his retirement, I was 
asked to assume the role of interim dean 
and interim director. Fortunately, I have 
assumed the reins of a vibrant and extraor-
dinarily productive organization. During 
my 28 years with CFR/FWRC and 10 years 
on the FWRC leadership team, I have 
come to personally know many of you 
as stakeholders, partners, and friends. For 
those I have yet to meet, I look forward 
to building new friendships in the future. 

I am in the enviable position of assum-
ing leadership at a pivotal point in our 
organizational history. Over the past 

decade, FWRC has shown steady growth 
in productivity and prominence. But now 
we are at an infection point, poised to 
achieve an even steeper trajectory in out-
comes and impact. In the past year, we’ve 
flled seven faculty positions across our 
three departments. Our new crop of for-
estry, sustainable bioproducts, wildlife, 
and fsheries scientists are exceptionally 
talented and highly motivated. Our fac-
ulty have recruited more than 150 of the 
best and brightest graduate students and 
post-docs from all over the globe. Our CFR 
graduate and undergraduate students are 
integral to the FWRC research program. 
We are training the next generation of nat-
ural resource professionals to think criti-
cally, work in teams, and make discoveries 
that inform natural resource management. 

Forest lands and the products they pro-
duce are a key component of the Mis-
sissippi economy contributing to the 
prosperity and quality of life for all Mis-
sissippians. Te 19.7 million acres of forest 
lands held by 125,000 forest landowners 
produce a farmgate value of $1.13 billion, 
making forest resources among the top 
three most important agricultural prod-
ucts in the state.  Tese forest lands sup-
port a $13.2 billion-dollar industry that 
provides over 61,000 jobs with nearly $3 
billion payroll and $5 billion induced and 
indirect economic impacts. In addition 
to the wood products, these forest lands 
provide a myriad of environmental goods 
and services including clean water, carbon 
sequestration, nutrient cycling, pollination 
services, and wildlife habitat. Te fsh and 
wildlife produced by these lands generate 
another $2.7 billion in economic impacts 
and 66,000 jobs for the state. 

In this annual report, we have high-
lighted a handful of the 255 active research 
projects that FWRC scientists are pursu-
ing. We have segmented these projects 

into those with a global/national impact, 
applied research in the feld, collabora-
tions with industry partners, and gradu-
ate and undergraduate student profles. I 
know you will enjoy delving deeper into 
our research and gaining a better under-
standing of how we are making an impact 
in our state. Our research betters the lives 
and livelihoods of Mississippians, extends 
the life of wood products, and provides 
habitat for wildlife. For every dollar we 
receive in state funding, an extra $1.54 is 
generated in extramural funding, bring-
ing additional capital to our state. 

As you read, you will see the passion 
that our faculty, staf, and students have 
for understanding, conserving, and uti-
lizing our natural resources. We will con-
tinue in these endeavors and encourage 
your continued participation. 

As we work together towards these 
shared priorities, I look forward to coming 
to know each of you at a deeper and more 
meaningful level. 

Tank you for your generous support! 

L. WES BURGER 
INTERIM DIRECTOR 
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FORESTRY 

The Department of Forestry conducts research to sustainably 
manage and utilize forest resources. The department 
conducts research in these strategic areas: 

Forest Biology and 
Watershed Management 

• Silviculture for Ecosystem 
Services 

• Mixed species management 
• Stand dynamics 
• Commercial thinning 
• Tree physiology 
• Restoration and ecosystem 

productivity 
• Ecohydrology 
• Hardwood and pine 

management 

Forest Economics, 
Management, and Policy 

• Monetary valuation of 
ecosystem services 

• Utilization of woody biomass 
• Assessing forest operations 

and businesses 
• Trade and anti-dumping 

policies 
•  Timber markets 
• Multiple resource management 

Forest Measurements and 
Spatial Ecology 

• Impacts of natural and human 
disturbance 

• Measuring and assessing 
woody biomass 

• Assessments of large scale 
afforestation 

•  Forest stand growth and yield 
• Carbon sequestration 
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Forestry
Fair Trade 
OVERCOMING THE 
KNOWLEDGE BARRIERS 
AROUND TEMPORARy 
TRADE BARRIERS 
BY REAGAN POSTON 

T 
HANKS TO the ever-increasing avail-
ability of information through techno-
logical connectivity, the globalization 

of industry was all but guaranteed. Still, as 
countries advance their political and economic 
power at varying speeds, some nations become 
particularly vulnerable to malicious interna-
tional trade practices such as dumping and 
subsidies. To counteract these unfair practices, 
ofentimes, temporary trade barriers, other-
wise known as TTBs, are employed. However, 
when it comes to the factors that infuence the 
implementation of TTBs in the global forest 
products industry and how those barriers impact 
the domestic industry, there was, until recently, 
a lack of information. 

DR. CHANGYOU “EDWIN” SUN, professor 
of forest economics, began parsing through 
the decades’ worth of international trade and 
intervention data compiled by the World 
Bank Database to understand the trends 
and address the disparity in information. 

“This study measures the extent, pat-
tern, and degree of temporary trade barri-
ers that are being implemented in the forest 
products industry around the globe. To my 
knowledge, no one has documented TTBs on 
forest products at this scale before,” Sun said. 

Once a mass of relative trade data was 

gathered, the researchers employed two sta-
tistical models to analyze the underlying pat-
terns. Te frst model, known as a two-step 
sample selection model, assessed the correlation 
between TTBs in developed versus developing 
countries, while the second model, known as 
a probit model, honed in more specifcally on 
factors including industry employment, forest 
coverage rate, infation, and imports/exports sur-
rounding paper and non-paper forest products. 

Among developing countries, the use of TTBs 
declined as imports increased, forest coverage 
rate expanded, and the infation rate improved. 
In developed countries, the same was mostly true, 
though developed countries proved more likely 
to increase TTBs to protect the domestic forest 
products industry as exports increased. Despite 
these commonalities, the analysis revealed many 
trends and complexities surrounding temporary 
trade barriers, making it difcult to cite a single, 
dominant factor as to why TTBs are enforced. 

“What we can learn from this study is 
that global competition in the forest prod-
ucts industry is complicated and that coun-
tries and individual corporations will imple-
ment whatever solutions are available to 
them when they have a problem, even if it 
means temporarily banning trade with indi-
viduals. Even in Mississippi, landowners and 
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manufacturers need to understand the global com-
petition. Tey’re not untouched by it,” Sun said. 

Alongside Sun, the research team included DR. 
XUFANG ZHANG, a 2018 MSU Ph.D. graduate 
who conducted this study as part of her disser-
tation and now works at Texas A&M Forest Ser-
vice as a forest economist. Zhang played a crucial 
role in both data collection and dissemination of 
the research and shared how the implications of 
this study highlight the potential misuse of TTBs. 

“Countries with a large capacity in the forest 
products industry, such as high employment 
or a high GDP per capita for forest products, 
may be more inclined to utilize TTBs to protect 
their domestic forest product industry. Tus, 
domestic frms may be more concerned with 
proving unfair trade actions of forest export-
ers rather than improving their own efciency, 

which would create economic tension not only 
globally but domestically as well,” Zhang said. 

With the potential tensions that could arise 
from the misuse of TTBs, research that strives 
to understand both the factors that encour-
age their adoption and the ramifications of 
their adoption is more important than ever. 

“For those of us directly invested in our domes-
tic forest products industry, this research pro-
vides insights about the patterns that infuence 
the participation and demand for trade barriers. 
Having a deep understanding of these patterns is 
one of the best ways for our forest products frms 
to stay both prosperous and ethical, especially in 
this competitive global market,” Zhang said. ■ 

This research was funded in part by the USDA Forest Service, Pacifc 
Northwest Research Station, and Southern Research Station. 
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FORESTRy 

Powering
Renewable Energy
in the Southeast 
FWRC RESEARCHERS MEASURE ECONOMICS, 
ECOLOGICAL BENEFITS OF PRODUCING BIOFUELS 
BY VANESSA BEESON 

T 
HE USE of renewable energy has increased 
threefold in the U.S. in the last 20 years, now 
accounting for 11 percent of total energy con-

sumed nationally. Renewable energy, which plays 
a major role in reducing greenhouse gas emissions, 
relies largely on biomass. In fact, the U.S. Energy 
Information Administration said biomass powered 
43 percent of the nation’s renewable energy used in 
2019. Scientists in MSU’s Forest and Wildlife Re-
search Center hope to fnd ways to optimize bio-
mass production for landowners in the Southeast. 

Te team—led by DR. HEIDI RENNINGER— 
received a $2.5 million grant from the Depart-
ment of Energy to study how to produce better, 
hardier hybrid poplars and eastern cottonwoods 
harvested for biomass energy. Te researchers 
will use precision conservation tools to measure 
both economic and ecological benefts of growing 
trees to convert to renewable biofuel. Te team will 
study poplar and cottonwood plantations across 
the Southeast leveraging existing sites and planting 
new ones in Mississippi, Louisiana, and Tennessee. 

Renninger, an assistant professor in the Depart-
ment of Forestry, explained why short rotation 
hybrid poplar and eastern cottonwood trees are 
ideal for this use. 

“Tese trees can grow between 20-40 feet in two 
to three years, at which time they are then coppiced, 

or cut back. Te cut trees—which have a lot of bio-
mass—are harvested to be used to make liquid bio-
fuels while the coppiced trees grow into a new crop.” 

She said the team hopes the research will lead 
to an economic model that landowners can use to 
determine if a bioenergy crop would be a right ft 
for their marginal land. 

“We hope to fnd ways to make growing these 
trees for renewable energy more proftable for 
landowners, which in turn will help the emerg-
ing biofuel industry,” Renninger said. “In order to 
do that, we need resilient trees that can grow on 
diferent landscapes under diferent circumstances.” 

DR. AUSTIN HIMES, assistant forestry professor 
on the project, noted that the Southeast is primed 
for a burgeoning biofuel production industry. 

“I’m excited about how this research might help 
emerging ecosystem service markets currently 
being developed in the Southeast, an area that geo-
graphically makes sense for a strong biofuel indus-
try because of its close proximity to the chemical 
conversion market serving the oil industry,” he said. 

He said that after quantifying the ecosys-
tem services the trees provide, the team can 
build an economic model that will help land-
owners determine if participating in an ecosys-
tem services exchange program is right for them. 

“If landowners are able to monetize on some 
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Assistant Forestry Professor 
Heidi Renninger measures 

photosynthesis and 
transpiration rates of Populus 

leaves using a portable 
photosynthesis system. (Photo 

by David Ammon) 

 

 

  

 

 

 

 
 
 

 
 

 

 

 

 

 

 

 

of these services in the future, those benefts 
become part of a value-added process, which 
reduces the production cost of biomass, making 
it more competitive with fossil fuels,” he said. 

Himes said the team will explore how dif-
ferent hybrids afect outcomes. 

“In this project, we’ll study the efects of the 
diversity of tree species on productivity and 
environmental benefts and impact,” he said. 

To assess ecosystem services, the team will 
focus on water and soil quality as well as wild-
life habitat. DR. COURTNEY SIEGERT, associate 
forestry professor, will measure nutrient and 
water intake of the trees, carbon sequestration, 
and greenhouse gas emissions while DR. RAY 
IGLAY, wildlife, fsheries and aquaculture assis-
tant professor, will use indicator species such 
as carabid beetles to measure wildlife bene-
fts across the sites. DR. QIN MA, assistant for-
estry professor, will use remote sensing to com-
pile a detailed snapshot of data collected via 
LiDAR, which stands for light detection and 
ranging, and uses lasers to measure variable dis-
tances. Hyperspectral imaging, which analyzes 

a wide spectrum of light, will also be used. 
Ma explained how the data will be col-

lected and used to build the economic model. 
“We’ll cover the crown by collecting data with

UAVs ftted with LiDAR and hyperspectral imag-
ing capabilities, then we’ll walk the forest with a 
backpack that is equipped with the same technol-
ogy,” Ma explained. “Te data shows us how fast 
the trees are growing, how much water and nutri-
ents they’re using, how much carbon they’re stor-
ing and much more. It gives us a complete picture.” 

Ma said the team will then use algorithms 
to match both data sets accurately so they can 
estimate the physical and spectral aspects of 
the trees from above and below. 

“All of this will be used in an economic 
model to better estimate both the productiv-
ity of the trees while also quantifying the eco-
system services they provide,” she added. ■ 

This research is funded by the U.S. Department of Energy. 
Collaborators include University of Tennessee and Lou-
isiana Tech University. Greenwood Resources is pro-
viding access to the company’s hybrid poplar cuttings. 
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Ash’s Fight for Life 
PREPARING FOR EMERALD ASH BORER’S INVASION 
BY TAYLOR VOLLIN 

T 
REES ARE all around us, giving of oxygen, 
storing carbon, and giving life and shel-
ter to wildlife. But what would a world 

without trees look like? Species like the Amer-
ican chestnut and elm have nearly disappeared 
due to the introduction of invasive pests and 
fungus. Ash species fnd themselves in a sim-
ilar position with the emerald ash borer. Tat’s 
why researchers are fnding ways to aid in con-
trol of the insect and plan for long-term resto-
ration eforts when an invasion does take place. 

Native to Asia, the emerald ash borer eats into 
the bark of ash species, making channels and 
laying eggs in between the wood and the bark. 

“In a sense, the insect strangles the tree, so it 
cannot move food and water as readily through 
its system,” said DR. JOSHUA GRANGER, an assis-
tant professor in the MSU Department of Forestry. 

Tere is almost a 100 percent mortality rate 
within four to six years for ash populations 
once the insect invades. 

While scientists do not know how to stop 
the pest from killing ash trees, they have 
learned that diversifying stands provides 
forest managers with control and restoration 
eforts. Te researchers sought to understand 
what might replace the ash once it is gone. 

Granger said he wanted to bring attention to 
the risk of losing some minor ash species, espe-
cially ones in Mississippi. Te hypothesis of the 
research is that these minor ash trees have a niche 
specifc habitat—an area or position that is exactly 
suitable for a small group of trees of the same type. 

“I suspected that these niche specifc hab-
itats are highly susceptible to emerald ash 

borer, and with that, their community is 
at a greater risk of facing disturbance and 
being more severely impacted,” Granger said. 

Te team used the Shannon-Wiener diver-
sity index method which characterizes species 
diversity in a given community to analyze data 
from the Forest Inventory and Analysis pro-
gram. In this case, samples were taken from 37 
states supporting at least one of the six native 
ash species found in the eastern United States. 
Te team found that plots with white, green, and 
blue ash had a higher tree species diversity than 
those with black, Carolina, or pumpkin ash. 

Granger said the research demonstrates just 
how niche specifc these species are. 

“Te research clearly shows that black, Carolina, 
or pumpkin ash don’t have large ranges. Tey are 
very niche specifc so there are not a lot of native 
alternatives for replacing them,” Granger said. 

Tough emerald ash borer has not yet made 
its way to Mississippi, it can be found in Ala-
bama, Tennessee, and Louisiana, meaning it is 
only a matter of time before it reaches the Mag-
nolia State. Containing fve of the six ash spe-
cies, Granger said Mississippi will be at great 
risk when the time comes. 

“Ash trees are common in urban settings as 
they are fast growers and provide a nice canopy,” 
Granger said. “When the emerald ash borer 
does arrive in the state, it will impact our com-
munities severely, including the MSU campus 
which has a large population of ash trees.” 

Treatments to prevent the insects from 
inhabiting the trees are possible, but they are 
expensive. Granger said the best method is 
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Granger discusses 
the fate of ash trees 

with students Clayton 
Hale (left) and Darcey 

Collins (right). (Photo 
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to prepare ahead of time and incorpo-
rate other species into forested stands. 

“Te big thing to do is to prepare ahead 
of time. Look at ways that you can incor-
porate other native or valued species into 
the system,” Granger said. “You have to 
look to alternatives to plant so that we don’t 
have 100 percent mortality for the species.” 

A partnership that began in Tennessee 
and diverged both north and south, Granger 
teamed with Dr. John Zobel, his former 
adviser while he was a doctoral student at 
the University of Tennessee. Zobel is now 
an assistant professor in the University of 
Minnesota’s Department of Forest Resources. 
Zobel extracted usable data to determine 
where the ash was and what could replace 
it by taking data from the Forest Inven-
tory and Analysis program to calculate the 
Shannon-Wiener diversity index and an 
index of species evenness. Zobel said he was 
eager to work on such a crucial situation. 

“It’s a very interesting ecological ques-
tion because this insect is such a huge 
factor in the future of forestry in that it 

may remove all of ash in a long-term, if 
not permanently,” Zobel said. “That is 
huge in forestry to lose a species like that.” 

He continued, “Te question is, they fll 
an ecological niche on the landscape, what’s 
going to happen if what they are facilitating 
on the landscape goes away? It’s just really 
interesting to me to get involved in this 
large-scale, catastrophic type of question.” 

Despite the tragic issue at hand, Zobel 
said the partnership with Granger and
MSU was ideal, considering the friend-
ship they have built over the years. 

“What I love about the collaboration with 
Josh and continuing on other projects as we 
speak is that he asks really pertinent questions 
that will be relevant to managers and scientists 
for years to come,” Zobel said. “He has a knack 
for asking a good questiom, I mine the data for 
answers, and we develop solutions together. 
It’s just a very symbiotic partnership.” ■ 

This research was funded by the McIntire-Stennis 
Cooperative Forestry Program. Data was collected 
from the Forestry Inventory and Analysis Program. 
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PROFILE 
GRADUATE STUDENT 

CLAYTON HALE 
NOLENSVILLE, TENNESSEE 

Conserving Rare,
Woody Plant Species 
GRADUATE RESEARCH EXPLORES SITE SUITABILITy TO 
ENHANCE SURVIVAL OF RARE CEDARS 
BY TAYLOR VOLLIN 

C 
LAYTON HALE developed a passion for 
research as a lead undergraduate research 
assistant at the University of Tennessee. 

When Hale’s UT mentor joined the forestry fac-
ulty at MSU, Hale found his home in the Mag-
nolia State studying rare woody plant species. 

His research is looking at the Atlantic white-ce-
dar, mountain stewartia, and Miller’s witch alder. 
Tese three species are rare and may soon be 
considered one of the triad descriptors used for 
disappearing species: species of conservation 
concern, threatened, or endangered. Species of 
conservation concern are those where there is a 
substantial concern about the species’ capability 
to persist over a long term. Treatened species 
are those likely to become endangered within 
the foreseeable future. Endangered species are 
in danger of extinction throughout all or a sig-
nifcant portion of its range. 

Te Nolensville, Tennessee native is wrapping 
up research on Atlantic white-cedar to eval-
uate regeneration of the species 15-years afer 
Hurricane Katrina. He said the work will help 
coastal land managers better understand how 

hurricanes can afect Atlantic white cedar stands. 
“Atlantic white cedar thrives in wet, low-

land sites, working well in coastal areas. I’m 
trying to get an idea of the regeneration, con-
servation, and management objectives for this 
tree to help land managers know what to do 
if their stand gets hit by a hurricane,” he said. 

Te study took post-Hurricane Katrina data of 
Atlantic white cedar and compared it to recent data 
collected at the Grand Bay National Wildlife Refuge. 

“I’m comparing the number of cedars, 
the diameter distribution of the cedars, and 
the number of young cedars,” Hale said. 

Te study showed that Atlantic white cedar 
has increased in density across the study site, 
which Hale believes is because disturbances such 
as hurricanes change the forest ecosystem, pos-
sibly allowing more access to sunlight and free-
ing up space for the species to grow. 

For the mountain stewartia, a small tree native 
in low to mid-elevations in the southern Appa-
lachian Mountains and regions from Mississippi 
to Virginia, Hale is developing a habitat suitabil-
ity map. Mountain stewartia is ofen overlooked 
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by land managers, resulting in insufcient 
habitat and distribution descriptions used 
in restoration and conservation. Modeling 
a species habitat suitability map may help 
locate previously undocumented populations. 

“A habitat suitability map essentially layers 
diferent maps that have associated data,” Hale 
said. “I have occurrence points from where we 
know there has been stewartia. Trough that 
and a technique called maximum entropy, we 
can model where other suitable habitats would 
be for the species.” 

He found that approximately 33 percent of 
the highest suitability for mountain stewartia 
occurs within public lands. 

Hale said he also hopes to develop methodol-
ogy that would provide land managers with infor-
mation on the best areas for these rare species. 

“While I’m doing this for mountain stew-
artia, I am also working on methodology for 
any rare species where we can use data such as 

herbarium records to model current and poten-
tial locations for tree species,” he explained. 

Hale is also defning the species ecology and 
status for Miller’s witch alder, while simul-
taneously developing a habitat suitability 
model. Tis small shrub species is found in 
southern Alabama and the Florida Panhandle. 

He hopes his research resonates with both 
conservationists and those who may not be 
familiar with the species. 

“Each of these species has intrinsic value,” 
Hale said. “My research tackles smaller aspects 
that land managers might readily apply. We’re 
applying ecological theory and modeling that 
can hopefully be used to conserve these spe-
cies in the feld.” ■ 

This research was funded by the McIntire-Stennis Coop-
erative Forestry Program. Hale’s research is under the 
direction of Dr. Joshua Granger. 
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FORESTRy 

PROFILE 
UNDERGRADUATE STUDENT 

ADAM WADE 
SCOOBA, MISSISSIPPI 

The Effects of 
Prescribed Fire 
UNDERGRADUATE STUDENT EXAMINES HOW PRESCRIBED 
FIRE CHANGES BARK CHARACTERISTICS AND TREE QUALITy 
BY VANESSA BEESON 

A 
DAM WADE used a difcult circumstance 
to redefne himself professionally. When 
the Scooba, Mississippi native was laid of 

from his position at an electric supply warehouse, 
he embraced the chance to study forestry—some-
thing that had always been at the back of his mind. 
In 2016, at age thirty-six, Wade started over as a 
freshman pursuing an associate degree in forestry 
from East Mississippi Community College. Four 
short years later, he’s graduated with that associ-
ate degree plus a bachelor’s degree in forestry from 
Mississippi State and is now pursuing his doctoral 
degree in the Department of Sustainable Bioprod-
ucts. He credits his undergrad research experience 
in MSU’s Department of Forestry as an essential 
stepping stone to the work he’s engaged in today. 

Under the direction of DR. COURTNEY SIEGERT, 
associate professor in the Department of For-
estry, Wade studied tree bark characteristics in 
upland tree species to determine if prescribed fre, 
a common silviculture technique to manage for 
desirable upland tree species, infuenced those 
characteristics. Wade was most interested in how 
well the bark from diferent species under difer-
ent prescribed fre cycles absorbed water and if 
exposure to fre changed the rate of absorption. 

“Bark absorbs water similar to a sponge and each 
species has a maximum storage capacity of water 
that can be held in the bark,” Wade said. “In fact, 
some mature trees can store more than 26 gal-
lons of water in their bark, which is about as much 
water as you would use in a 10-minute shower.” 

Wade said there is a known connection between 
fre tolerance and the bark’s physical properties 
such as thickness, density, and porosity. 

“These physical properties simultaneously 

infuence rainfall interception and canopy stor-
age, so they are of interest across a range of disci-
plines, including how they interact with the silvi-
culture practice of prescribed burns,” Wade said. 

“While these characteristics are innate to a species, 
it is unknown whether repeated exposure to fre 
facilitates physical change in bark structure and 
whether these changes are consistent among spe-
cies, so that’s the question we sought to answer.” 

Wade collected samples from mature pine, oak, 
hickory, and sweetgum trees from sites across the 
Bankhead National Forest in Double Springs, Ala-
bama and at a smaller test site in Starkville, Mis-
sissippi. He studied samples from three-year and 
nine-year prescribed fre cycles as well as samples 
collected on sites that hadn’t experienced any pre-
scribed burns. He analyzed the samples for bulk 
density, porosity, water storage capacity, and hygro-
scopicity, which is the amount of water vapor the 
bark absorbs from the air when it isn’t raining. 

“Te preliminary fndings suggest that bark struc-
ture does indeed change with repeated exposure to 
fre leading to increases in water storage capacity and 
slower evaporation,” Wade said. “Bark that does a 
better job of storing water translates to a healthier tree, 
which supports the big picture idea that prescribed 
fre is an efective way to improve the quality of trees.” 

Wade, who chose a forest products concentration 
as part of his bachelor’s, credits a wood anatomy 
class as igniting his passion for graduate school and 
said his work as a forestry undergrad researcher 
was pivotal in preparing him for that next step. 

“I knew research would be a big part of grad 
school. When Dr. Siegert approached me about 
the possibility of research, I jumped at it because 
I knew it would be a good foot in the door and a 
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good experience to prepare me for that next 
level of research,” he said. 

Te work obviously paid of, culminating 
in a forthcoming publication in Frontiers for 
Young Minds. Te team also has a published 
paper in Trees—Structure and Function and 
presented at the American Geophysical Union 
held virtually in December 2020. In addi-
tion to Siegert, visiting professor, Dr. Anna 
Ilek, of the Department of Forest Sites and 
Ecology at Poznán University of Life Science 
in Poland, contributed to the work. 

Afer graduating with a bachelor’s degree in 
forestry in 2020, Wade immediately began an 
accelerated doctoral program in the Depart-
ment of Sustainable Bioproducts in June. In 
this program, Wade is working under the 
direction of DR. FRANK OWENS, assistant pro-
fessor in the department, and collaborating 

with Dr. Prabu Ravindran from the Depart-
ment of Botany, University of Wisconsin, and 
Dr. Alex C. Wiedenhoef from the Center 
for Wood Anatomy Research, USDA Forest 
Service, Forest Products Laboratory, both 
located in Madison, Wisconsin. Wade’s grad-
uate project is focused on helping to make 
the Xylotron device, which uses computer 
vision and artifcial intelligence, a better tool 
to accurately identify wood specimens in the 
feld to help deter illegal logging and combat 
illegal import and export of wood species 
regulated by the Convention on International 
Trade in Endangered Species, or CITES. ■ 

Wade’s undergraduate research in the Department of 
Forestry was funded by the Forest and Wildlife Research 
Center; the National Science Center in Poland; and 
the McIntire-Stennis Cooperative Forestry Program. 
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 SUSTAINABLE 
BIOPRODUCTS 
The Department of Sustainable Bioproducts 
conducts research to advance natural resource-
based manufacturing practices. The department 
conducts research in these strategic areas: 

• Artifcial Intelligence and Forensic • Bioproducts Deterioration and 
Wood Identifcation Preservation 

• Biofuels, Chemicals, and Energy • Bioproducts Testing and Evaluation 

• Bioproducts and the Environment • Building Materials and Composites 
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SUSTAINABLE BIOPRODUCTS 

Knots 
Untangled 
DISCOVERING HOW KNOTS 
AFFECT LUMBER’S STIFFNESS 
AND STRENGTH 
BY VANESSA BEESON 

P 
ICKING A TWO-BY-FOUR from a lumber 
stack at your local home improvement 
store only takes a minute. How that piece 

arrived there, however, is part of a much larger 
story. Lumber is one of Mississippi’s most 
important commodities and part of a $13.12 bil-
lion-dollar industry that employs over 61,000 
people in Mississippi alone. Researchers in
MSU’s Forest and Wildlife Research Center hope 
to untangle how knots—remnants of where 
branches grew while the tree was alive—afect 
the stifness and strength of this important 
commodity. 

DR. RUBIN SHMULSKY, professor and head 
of the Department of Sustainable Bioproducts, 
said commercial stakeholders asked MSU to 
study knots, which can be a strength-reduc-
ing characteristic in lumber that causes it to 
be downgraded. 

“Te larger the knot, the greater the amount 
of strength reduction. While visual grading 
factors that into account, sometimes mul-
tiple knots appear in close proximity on a 
single piece of lumber. In those cases, none 
may be big enough to trigger a grade deg-
radation, but collectively they may reduce 
board stifness or strength,” Shmulsky said. 

The team set out to investigate the role 
multiple knots in close proximity play on 
afecting lumber stifness and strength in an 
efort to increase the value of southern pine. 

“We are trying to determine, to the closest 
degree possible, how stif and strong every stick 
of lumber is, before it actually gets broken. Te 
better and more reliably we can predict these 
strength and stifness values, the more each 

piece of lumber—and in turn each acre of tim-
berland—is ultimately worth,” Shmulsky said. 

In a series of studies spanning several years, 
Shmulsky along with DR. DAN SEALE, profes-
sor, and DR. JASON STREET, assistant professor, 
led a team of graduate students as they analyzed 
southern pine boards produced at a local Mis-
sissippi sawmill to determine if small clusters of 
knots impacted lumber stifness and strength. 

Street helped students select statistical models 
for the studies and taught them lumber testing 
standards and how to use the sofware to ana-
lyze data. He also reviewed the data and helped 
them understand the signifcance of the fndings. 

“A larger knot or multiple knots that are close 
together can cause lumber to rupture with less 
load when compared to lumber that has no 
knots,” Street explained. 

In a previous study, Marcela Barbosa, a 
master’s student who graduated in December 
2018, analyzed nearly 300 samples of southern 
yellow pine to determine the modulus of rup-
ture, which measures strength, and modulus of 
elasticity, which measures stifness, in lumber 
with multiple knots in close proximity. Barbosa 
found that the presence of multiple knots sig-
nifcantly afects the strength properties and 
established parameters to better predict both 
modulus of rupture and modulus of elasticity. 

Now Street is directing Yali Li, a current doc-
toral student, who continues work studying 
multiple knots in close proximity in southern 
yellow pine. 

“In this study, we’re using a fnite element 
analysis to draw a 3-D model of southern yellow 
pine lumber and measure its strength rating. 
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Afer that, we’ll add knots to the model and look 
at how they afect strength,” Street explained. 

Street said the team is aiming for accuracy 
with attention to fne grain detail. 

“We want to be as accurate as we can be to predict 
the strength rating, so we hope to use the entire 
knot volume. Right now mechanical testing just 
measures the surface area of a knot. We eventu-
ally want to recreate the knot’s volume as it occurs 
throughout the entire piece of lumber,” he said. 

Street said the research’s ultimate goal is 
to fnd a more accurate way of measuring the 
mechanical properties of lumber so that a more 
particular strength rating can be associated 
with each piece produced. He noted that the 
work might help researchers develop non-de-
structive evaluation technologies and pro-
vide a means to begin to assess the potential 

detrimental impacts on strength and stifness that 
are caused by multiple knots in close proximity. 

“Some pieces of lumber may be given a lower 
grade than what they actually are because of a cer-
tain feature. If lumber can be graded more accu-
rately, in respect to depicting the actual strength of 
the lumber, a sawmill could receive more money for 
the lumber cut from stronger logs. In turn, the value 
of timberland can potentially increase,” he said. 

“Also, by knowing how these factors interrelate, 
one can envision that forest management practices 
could be amended slightly to avoid producing 
trees with multiple branches in close proximity— 
to the extent possible or practical,” he added. ■ 

This research was funded by the Forest and Wildlife 
Research Center and the USDA Forest Service Forest 
Products Laboratory in Madison, Wisconsin. 
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SUSTAINABLE BIOPRODUCTS 

Life of a 
Wooden Crosstie 
EXAMINING THE 
SIGNIFICANCE AND 
PRESERVATION OF WOODEN 
CROSSTIES 
BY TAYLOR VOLLIN 

T 
HE LIFE OF a railroad crosstie sees 
nearly 20 years of service. Trough 
harsh conditions such as rain, heat, 

and snow, the backbone of the rails is built 
to last. But just how long should they carry 
the load? 

Researchers from the Forest and Wild-
life Research Center and the Railway Tie 
Association have set out to determine how 
durable railroad ties are by exposing them 
to diferent conditions and preservatives. 

DR. BETH STOKES, an assistant professor 
in the Department of Sustainable Bioprod-
ucts, said her team aims to determine the 
reliability of the wooden crossties being 
produced through research. 

“Our research will determine if we can 
produce a reliable, structurally sound prod-
uct that is going to last more than the aver-
age lifespan once we put it into use in a track. 
How can we tailor that product to the needs 
of diferent environments? So, the overall 
idea is that we expose the ties, treated with 

various preservatives, to conditions they 
would experience while in use,” Stokes said. 

Te studies—one in its eighth year and 
the other in its twelfh—are carried out at 
the John W. Starr Memorial Forest’s Dorman 
Field Site outside of Starkville and at the 
Formosan Termite Testing Facility at the 
Mississippi Agricultural and Forestry Exper-
iment Station’s McNeill Research Unit in 
coastal Mississippi. Te team looks at full-
sized railway ties made of diferent wood 
species, such as red oak and sweetgum, 
which have been treated with diferent pro-
tective systems. Te ties are brought to the 
feld site and placed on a prepared surface 
where they are subjected to any weather 
conditions that occur during the length 
of the test. Te ties will go through rain, 
wind damage, high humidity, and possi-
bly snow or ice. 

Tese studies will go on for up to 20 years, 
each tie being checked twice a year. When 
checked, the team looks at the amount of 
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damage that has occurred, whether ter-
mites have moved in, if there is any decay 
occurring, the color of the ties, whether 
the metal plates have loosened, and if they 
remain structurally intact. 

Stokes, one of the principal investiga-
tors on the projects, said the team wants to 
understand how long-lasting the resources 
are, and how they can be best used. 

“One of the things we’re assessing is 
how to make crossties as sustainable as 
possible,” Stokes said. “We want to use 
our wood resources most appropri-
ately across North America, and that’s 
the direction we’re moving in: prov-
ing the durability of wooden ties over 
other materials such as concrete or steel.” 

Once a crosstie has been removed 
from the tracks, there are still a number 
of ways they are used. From retaining walls 
to landscape timbers, crossties retired 
from the track still have usefulness, and 
perhaps one of its most important ser-
vices is its ability to sequester carbon. 

Ashley Goodin, the executive director 
of the Railway Tie Association, said the 
data from this research conveys the value 

of wooden crossties to not only the indus-
try but also in terms of forest management. 

“Tis data helps us communicate the value 
of a wooden crosstie and its longevity to the 
railroads for its use,” Goodin said. “Wooden 
ties are great tools for carbon sequestra-
tion, so you are talking about responsible 
forest management practices allowing you 
to harvest timber and use that timber for 
a service life of 20-25 years in track before 
it is turned into another valuable product.” 

Goodin said the research reinforces the 
signifcance of wooden crossties, as well as 
Mississippi State’s partnership in the work. 

“Te third-party research from MSU con-
tinues to reinforce that wooden crossties are 
the best choice for the railroads,” Goodin 
said. “Tis also adds value to the research 
program between Mississippi State and the 
US Forest Products Service Laboratory, and 
it reinforces MSU’s validity, as well as their 
due diligence and care in these long-term 
studies that are vital to our industry.” ■ 

This research is funded by the Railway Tie Asso-
ciation and member companies of the Southern 
Pressure Treaters’ Association. 
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SUSTAINABLE BIOPRODUCTS 

Opening an
Envelope 
INVESTIGATING THE DURABILITy 
OF CROSS-LAMINATED TIMBER 
WALL ENVELOPES 
BY REAGAN POSTON 

W 
HILE MISSISSIPPI STATE continues to 
lead the pack in sustainable bioprod-
ucts research, there sometimes exists 

a disconnect between green, sustainable con-
struction and the building codes that regulate 
it. Despite building codes requiring preserva-
tive treatments for wood with ground contact, 
little to no research has been done to test the 
long-term durability of treated or untreated 
cross-laminated timber walls. 

DR. HYUNGSUK “THOMAS” LIM, an assis-
tant professor in the Department of Sustainable 
Bioproducts and researcher in the Forest and 
Wildlife Research Center, has been working to 
fll that research gap with a study on the dura-
bility of cross-laminated timber wall envelopes. 

Cross-laminated timber, otherwise known as 
CLT, is a sustainable building material formed 
by layering lumber in an alternating pattern of 
parallel and perpendicular directions. Because 
it is wood, it can be a more afordable alternative 
to masonry, concrete, or steel in the construc-
tion of larger buildings. In addition to being a 
more cost-efective alternative, the use of CLT 
reduces the carbon footprint of construction 
while simultaneously contributing to the for-
estry industry. 

“Te project is about developing building tech-
nology and fguring out the best ways to install 

these renewable products so that the structure 
has maximized durability,” Lim said. “CLT is 
being used in residential, industrial, educational, 
and civic buildings, as well as many other types 
of structures. Maximizing the durability of CLT 
could help expand its applications in the build-
ing and construction industry of the Southeast.” 

Tough the study is still in its early stages, Lim 
and his research team are busy fnalizing the 
treatment designs to be tested. Afer that, the
CLT wall envelope replicates and treatments will 
be studied for termite, water, and fungal damage. 
Te team will assess visual damage at various 
points along the building envelope including at 
ground contact, on panels, around wall fasten-
ers, and on each layer of timber. Te tests will 
run for a duration of one, two, and three years, 
afer which, Lim hopes to use the fndings to 
help stakeholders estimate the structural per-
formance of full-scale CLT buildings. 

“Typically, when CLT is used, it is used for 
the upper foors of mid- and high-rise build-
ings due to concerns about moisture durability. 
Of course, here in the Southeast, there is little 
demand for very tall buildings, so understand-
ing and improving CLT’s durability so that it’s 
suitable for ground-foor construction could 
lend confdence to engineers, architects, and 
builders interested in sustainability,” Lim said. 

22 FOREST & WILDLIFE RESEARCH CENTER 



Assistant professor Dr. 
Thomas Lim examines the 
alignment of the hydraulic 
cylinders of a cold press 

used for making cross 
laminated timber. (Photo 

by David Ammon) 
 

  

 
 
 

   
 
 

 

 

 

 

 

 

 
  

   

 

 
 
 

  
   

 

FWRC researchers have partnered with 
scientists at the USDA Forest Products 
Laboratory in hopes of gathering the best 
minds for CLT research. One such scien-
tist is DR. JULIET TANG, a 2011 MSU grad-
uate of the Department of Sustainable 
Bioproducts and current research forest 
products technologist at the USDA Forest 
Products Laboratory. Tang is serving as the 
program manager and has been working 
closely with Lim from project conception. 

“One thing we’re especially interested in is 
testing physical barriers for termites. Tere 
have been plenty of studies documenting 
the long-term efectiveness of chemical soil 
drenches, but our study will focus on the extent 
to which stainless steel mesh barriers deter 
termites or if impermeable membrane barriers 
are capable of blocking termites from sens-
ing the wood. Moisture damage will also be 
assessed with both of these methods,” Tang said. 

She also shared how much of an impact 
this research could have on the sustainability 

of building and construction in the Southeast. 
“Tere’s already so much that is advanta-

geous about CLT. Its greatest quality is its 
ability to store massive amounts of carbon, 
preventing its release back into the atmo-
sphere. Due to its thickness and solid bulk, 
CLT is more fre resistant than frame build-
ing construction. Te charred surface burns 
slowly and predictably, so you don’t see fre 
spreading uncontrollably to other building 
compartments,” Tang said. “One issue, how-
ever, is that, here in the Southeast, we have a 
lot of pressure from termites and decay fungi. 
Tese biological risk factors mean that CLT 
might need some additional protection. Dr. 
Lim and I are hopeful that the work we’re cur-
rently doing can move CLT one step closer to 
becoming a durable, eco-friendly option for 
construction right here at home.” ■ 

This research is funded by the USDA Forest Products 
Laboratory, with materials provided by Shuqualak 
Lumber and Henkel Corporation. 
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SUSTAINABLE BIOPRODUCTS 

PROFILE 
GRADUATE STUDENT 

BRIANNA DUQUETTE 
BELLE CHASSE, LOUISIANA 

Decaying
Away Strength 
GRADUATE STUDENT STUDIES HOW 
BROWN ROT COMPROMISES 
WOOD IN TENSION PERPENDICULAR 
TO THE GRAIN 
BY VANESSA BEESON 

A 
SWING OF the bat led to a swing of the 
pendulum. BRIANNA DUQUETTE, mas-
ter’s student in the Department of Sus-

tainable Bioproducts, earned an athletic 
scholarship to play sofball frst for Meridian 
Community College where she earned an as-
sociate degree, then for the Mississippi Univer-
sity for Women, where she earned a bachelor’s 
in public health education. Now, she’s put down 
her bat and hung up her cleats to swing a pen-
dulum that generates a wave to determine the 
amount of decay in a wood sample. 

Duquette is evaluating how brown rot, a 
common fungus that decays wood, afects 
the stress that happens when tension is 
applied perpendicular to the wood’s grain. 

“Wood is used extensively for interior and 
exterior applications in all types of buildings 
and structures,” Duquette explained. “While 
wood structures are designed to minimize 
this type of tension, sometimes, despite the 
best design attempts, stress at connections 
in timber structures result in stressing the 
wood in tension perpendicular to the grain.” 

Duquette said that wood stressed in this 
manner is considerably weaker than wood where 
the tension runs parallel to the grain. She adds 
that the presence of brown rot can exacerbate 
the tension, resulting in a structural failure. 

“Most of the reported research is focused 
on establishing baseline information for the 
properties of wood parallel to the grain. While 
this is important, from a structural inspection 
standpoint perpendicular to the grain prop-
erty information can be of greater impor-
tance. We hope to investigate the efect decay 
caused by brown rot has on mechanical prop-
erties of wood in this instance,” Duquette said. 

She also noted that this information will be 
important as cross-laminated timber, or CLT, 
increases in use as a building material in the 
U.S., creating more scenarios where wood may 
be stressed in this manner. 

“A lot of times, this type of tension occurs 
where wood is connected at a joint, which hap-
pens ofen in CLT,” she said. 

Te team is testing wood samples cut per-
pendicular to the grain with brown rot and 
using nondestructive testing to formulate a 
baseline of strength for each sample. From 
there, they assess the samples at diferent time 
intervals with additional nondestructive test-
ing to see exactly when the brown rot begins 
to compromise the strength of the wood. 

“We want to see how quickly the wood strength 
is reduced, especially during the early stages 
of decay. We also want to evaluate the accu-
racy of using nondestructive testing to assess 
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Brianna Duquette tests 
the tension of wood 

infected with brown rot 
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this type of wood decay,” Duquette explained. 
She said preliminary results indicate that brown 

rot can afect the strength of wood before the fungus 
is even visible. 

“Early data shows that while we’re not yet able to 
see the decay in some samples, there is still a change 
in strength and weight, which indicates the damage 
has already begun,” she noted. 

Once the team wraps up with nondestructive testing, 
they’ll follow up with destructive testing to get a pre-
cise measurement of the actual strength of each sample. 

Duquette said the research should help the 
industry better determine how brown rot afects 
wood in tension perpendicular to the grain. 

“Our goal is to increase knowledge of when to 
replace wood and ofer a nondestructive option to 
test that wood. Tis contributes to the durability 
and protection of wood structures, helping extend 
the life of the material. Te use of nondestructive 

testing provides an accurate way to detect brown 
rot decay in wood, allowing the building indus-
try to test their products while in use and replace 
them when decay is present,” Duquette said. 

Duquette’s research is led by DR. TAMARA FRANÇA, 
assistant professor in the department. DR. BETH 
STOKES, assistant professor in the department, and 
Dr. Adam Senalik, with USDA Forest Products 
Laboratory, serve on Duquette’s committee. DR. 
FREDERICO FRANÇA, assistant research professor 
in the department, and Dr. Robert Ross, with the 
USDA Forest Products Lab, along with Johnny Black, 
plant superintendent, and Amy Rowlen, research 
associate III, in the Forest and Wildlife Research 
Center, have also contributed to the work. ■ 

The research is funded by the Forest and Wildlife Research 
Center and the USDA Forest Service Forest Products Labo-
ratory in Madison, Wisconsin. 
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SUSTAINABLE BIOPRODUCTS 

PROFILE 
GRADUATE STUDENT 

ALAN SHERRINGTON 
VANCOUVER, WASHINGTON 

Built to Last 
GRADUATE STUDENT TESTS 
THE STRENGTH OF HARDWOOD 
COMPOSITES FOR MILITARy USE 
BY VANESSA BEESON 

A 
LAN SHERRINGTON grew up on the 
north bank of the Columbia River 
in Vancouver, Washington, just out-

side of Portland, Oregon. He was raised in 
a forest products family but didn’t neces-
sarily see himself in the industry when he 
lef the Pacifc Northwest to attend Spring 
Hill College in Mobile, Alabama. 

“My dad has worked in the forest prod-
ucts industry for the last 30 years, many 
of which have been at Weyerhaeuser, so I 
grew up familiar with the industry. When it 
was time for college though, I didn’t really 
think about it as a potential career choice,” 
Sherrington said. 

Tat changed the summer afer his fresh-
man year at Spring Hill, when he took a 
summer internship with Weyerhaeuser in 
Longview, Washington. 

“While looking for a summer job, I was 
lucky enough to get an internship work-
ing as a crafsman and machine operator. 
Afer that frst summer, I found that I loved 
the manufacturing side and knew this was 
an industry that I could enjoy,” he said. 

During the next two summers, he worked 

as an intern at the Weyerhaeuser mill in 
Bruce, Mississippi and while he was a con-
sidering grad school and thought about get-
ting an MBA, an MSU alumnus at the mill 
recommended that Sherrington check out 
the sustainable bioproducts master’s degree 
ofered in the College of Forest Resources. 
Sherrington met with the team and decided 
it was a ft. He graduated from Spring Hill 
with a bachelor’s degree in sociology in May 
2020 and immediately moved into his mas-
ter’s program in the Department of Sus-
tainable Bioproducts at Mississippi State. 

During the summer of 2020, he shad-
owed researchers in the department to better 
understand the ins and outs of the testing 
equipment and processes, assisting doc-
toral student Marly Carmona Uzcategul 
evaluating number two grade southern 
yellow pine structural lumber. 

Now, Sherrington is delving into his own 
research, focused on hardwood compos-
ites for military use in a project co-funded 
by the U.S.D.A. Forest Service and the U.S. 
Endowment for Forestry and Communi-
ties. He’s investigating the strength and 
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durability of American hardwoods and com-
posites to improve truck and trailer decking 
for the U.S. military. 

“Trailer and truck decking gets a lot of wear 
and tear,” Sherrington said. “I will be evalu-
ating the strength and stifness of diferent 
species of hardwoods and composites to see 
the weight these composites can withstand 
and their overall strength and durability,” 
Sherrington explained. “We want to fnd an 
American hardwood or hardwood composite 
that withstands the weathering, weight, and 
friction that comes with moving heavy loads.” 

Tus far, he’s processed 60 samples and 
plans to test approximately 600 in total. 

“Our overall goal is to help enhance the 
shipping process in and out of military bases 

through the improvement of truck and trailer 
decking.” 

Sherrington says thus far he’s enjoyed 
the work and recommends others explore a 
future in the sustainable bioproducts industry. 

“You can’t go ten feet without being around 
something you study; trees are everywhere. 
I think it’s cool that we are able study them 
and use them in applications that improve 
our society in a sustainable way,” he said. ■ 

Sherrington is under the direction of Dr. Rubin 
Shmulsky, professor and head, and Dr. Dan Seale, 
professor and James R. Moreton Fellow in Sustain-
able Bioproducts. Dr. Laya Khademibami, post-
doctoral associate, and Franklin Quin, doctoral 
student, are collaborating on the work as well. 
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WILDLIFE, 
FISHERIES & 
AQUACULTURE 
The Department of Wildlife, Fisheries and Aquaculture conducts 
research to manage wildlife populations and habitat. The department 
conducts research in these strategic areas: 

• Agricultural Wildlife • Forest and Wildlife • Recreational Fisheries 
Management Management • Small-Game Management 

• Backyard Wildlife and Urban • Freshwater River and Streams • Threatened and EndangeredEcology Management Species Recovery 
• Carnivore and Population • Habitat Restoration and • Veterinary Wildlife Sciences Ecology Monitoring 

• Water Quality in Agriculture and • Conservation Biology • Human-Wildlife Interactions Forested Landscapes 
• Conservation Education • Human Dimensions of Fisheries • Waterfowl and Wetlands and Wildlife Management • Deer Ecology and Big-Game Conservation and Management 

Management • Invasive Species Ecology • Wildlife Damage Management 
• Fisheries Science and • Native Grasslands and Upland • Wildlife and Fisheries Economic Management Bird Conservation Enterprises 
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WILDLIFE, FISHERIES & AQUACULTURE 

Forest Health 
Across the Globe 
FWRC SCIENTISTS WORK TO RESTORE 
AND PROTECT FOREST SySTEMS AND 
REINTRODUCE WILDLIFE 
BY VANESSA BEESON 

T 
HIRTY PERCENT of the earth’s landmass is 
covered in forests, which plays an integral 
role in our survival. From the air we breathe 

to the soil we depend on to grow food crops to the 
water we drink, forests provide ecosystem services 
essential to human health. Additionally, forests 
are home to a rich biodiversity of fauna and fora. 
According to the World Wildlife Federation, eighty 
percent of the world’s terrestrial plant and animal 
species make their home in the forest and a square 
kilometer of forest may be home to more than 
1,000 species. Tat’s why scientists in the Forest 
and Wildlife Research Center have partnered with 
the U.S. Forest Service International Programs 
over the past several years to help improve vital 
forests globally.

FWRC scientists have embarked on a three-year 
grant to study forest health and ecosystem services 
across the globe in the U.S., China, Cambodia, and 
Argentina, among other locations. 

DR. ANDY KOUBA, professor and head of the 
Department of Wildlife, Fisheries and Aquacul-
ture, is the grant’s principal investigator. 

“Tese projects, while diferent, have a common 
theme of studying coupled forest-human ecosys-
tems and addressing the fact that, as human pop-
ulations grow, we’re moving ever closer into wild-
life habitat, so we need to fnd a way to live with 
nature while keeping as much of it intact as pos-
sible,” Kouba said. 

Kouba is involved in two of the grant’s projects, 
both in China. Te frst project, focused on giant 
pandas, spans 15 years, and includes DR. CARRIE 
VANCE, assistant research professor in biochem-
istry, molecular biology, entomology and plant 
pathology and scientist in the Mississippi Agricul-
tural and Forestry Experiment Station, or MAFES, 
and DR. GUIMING WANG, wildlife, fisheries 

and aquaculture professor and FWRC scientist. 
“China has one of the world’s most active forest res-

toration programs and we’re able to directly correlate 
the impact of these eforts on biodiversity including 
the giant panda, where we’re interested in quantifying 
animal habitat use and demographics,” Kouba said. 

He said that while it’s challenging to collect infor-
mation about pandas, who spend much of their 
time hidden in thick bamboo understory or high 
elevations, the team is developing a noninvasive 
method to screen panda feces to collect physio-
logical data. 

“Tis technology will help us collect informa-
tion in the feld about the animal, like individual 
identity, whether it’s male or female, and poten-
tial health information, which can be collected 
quickly and accurately,” Kouba said. Tis technol-
ogy replaces the need to bring feces back to the 
lab to conduct expensive molecular genetics work. 

Te other project, which began in 2009, reintro-
duces Chinese giant salamanders back into the wild. 

Kouba said the salamander—the world’s larg-
est—can grow up to four feet long, weigh more 
than 60 pounds, and is considered a delicacy in 
China’s food market. Poaching and loss of habitat 
led the species to be listed as critically endangered. 

“In its native habitat, the giant salamander was the 
top aquatic predator, so removal caused a massive 
redistribution of the trophic food chain,” Kouba said. 

Now, the salamanders are raised on farms. 
“Farmers are producing approximately 250,000 

salamanders a year, which has created an opportu-
nity for us to work with the Chinese government and 
provincial agencies to start reintroducing some of 
these animals back into their native habitat,” he said. 

Kouba said while current challenges including 
the pandemic and U.S./China relations have paused 
eforts on both projects, he hopes the work will 
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resume soon. He said he’s been most excited about 
seeing how well the animals survive once released. 

“It’s exciting to be able to release animals that have 
been historically gone from an area for a long time 
and see them thriving and doing well back in that 
landscape while watching the aquatic communities 
change because of that reintroduction, ” he said. 

Another FWRC researcher on the grant is help-
ing establish a sustainable fshery in Cambodia. 
DR. WES NEAL, extension and research profes-
sor in wildlife, fsheries and aquaculture, along-
side DR. PETER ALLEN, associate professor in the 
same department, were asked to consult on a 
project in partnership with the U.S. Forest Ser-
vice International Programs, the Wildlife Con-
servation Society, and the Cambodian govern-
ment to help start a community fshery with 
villages along the Sre Ambel River in Cambodia. 

“A community fshery gives the fshing villages 
a primary role in the management process and is 
efective when the government doesn’t have the 
resources to manage a remote fshery,” Neal said. 

Neal and Allen visited villagers in 2018 and 
provided recommendations including the imple-
mentation of small-scale aquaculture in the vil-
lages to remove pressure from the overfshed river, 
which the funding agencies adopted. 

Allen spent a semester in 2019 in Chile as a 
Fulbright, so Neal, whose primary expertise is in 

natural fsheries, recruited a colleague, Dr. Mike 
McGee, to participate in the consultation. 

“Mike runs a private fsh farm in Puerto Rico and 
is an expert on the Pangasius catfsh that we were 
recommending they use for aquaculture,” he said. 

Te pair made the frst of two planned trips in 
July 2019 to meet again with villagers, tour exist-
ing pond resources, and assess the project’s feasi-
bility. Aquaculture began in early 2020 with har-
vest set for completion by the end of 2020. 

“To date, everything is going well. Unfortu-
nately, the pandemic has prevented our second 
trip to assess progress, so the project is currently 
being conducted virtually,” Neal said. 

Drs. Neal, SANDRA CORREA and Peter Allen 
received funding from the U.S. Agency for Inter-
national Development, or USAID, and its Feed the 
Future Innovation Lab for Fish, housed at Missis-
sippi State, to measure the project’s efcacy and 
continue other eforts along the Sre Ambel River, 
connecting remotely with in-country partners, 
until travel to the country can resume. 

Neal said the big picture goal is to find 
ways for the local population to live sustain-
ably while protecting the environment and 
ecosystem services of the forest and river. 

“Te villages rely on the river. Te aquatic system 
in turn relies heavily on the food plain of the forest. 
Te river foods and inundates the forest and fsh 

use that area to spawn so it’s all inter-
connected,” Neal explained. “We want 
to make sure the communities that rely 
so heavily on these systems can per-
sists in their lifestyles as long as pos-
sible. If they are overfshing the river, 
the river will stop supporting them. 
Our ultimate goal is to make their food 
security more stable and this lifestyle 
more sustainable in an eco-friendly way.” 

Te grant also supports research led 
by DR. JOHN RIGGINS, associate profes-
sor in biochemistry, molecular biology, 
entomology and plant pathology and 
MAFES scientist, who is studying the 
European wood wasp, an invasive spe-
cies afecting pine forests in the South-
ern Hemisphere. His work centers on 
monitoring outbreaks in Argentina. ■ 

This research is funded by the U.S. Forest 
Service International Programs, the Wildlife 
Conservation Society, and the USAID Feed 
the Future Innovation Lab for Fish. 
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WILDLIFE, FISHERIES & AQUACULTURE 

Covering
the Basics 
UNDERSTANDING THE IDEAL 
HABITAT FOR WILD GAME 
BY TAYLOR VOLLIN 

T 
HERE IS A common misconcep-
tion in the hunting world that plen-
tiful food supply equals frequent 

visits by white-tailed deer or wild turkey 
to a specifc habitat. Hunters plant food 
plots, place spin feeders, yet don’t see the 
wildlife activity for which they had 
planned. What is missing from the equa-
tion is an equally important factor…cover. 

Much like an animal needs food and 
water, they also need adequate shelter. Tat 
is why researchers in the MSU Forest and 
Wildlife Research Center set out to study 
how vegetation characteristics including 
food availability and cover afect inten-
sity of habitat use by animals. 

DR. BRONSON STRICKLAND, the St. John 
Family Professor of Wildlife Management 
in the Department of Wildlife, Fisheries 
and Aquaculture and researcher in the 
Forest and Wildlife Research Center, said 
the team sought to understand the relation-
ship between food and cover and how to 
teach people using this new information. 

“Our big picture question was not 
only what is the relationship, but how 
can we use that to teach people?” Strick-
land said. “For me, the most important 
thing is that landowners have options.” 

Te study took place at the Andrews 

Forestry and Wildlife Laboratory, a 500-
acre property that is part of the MSU 
Bulldog Forest and provided a unique 
opportunity to examine this research 
question because the property provides 
a variety of forest management scenarios 
that yield various levels of wildlife food 
and cover habitats. Prior to the exper-
iment, the forest was thinned at difer-
ing levels with combinations of herbi-
cide and prescribed fre treatments that 
provided a range of habitat composition. 

As a result, there were sites exclusively 
ofering cover, some exclusively ofering 
food, some providing both, and some pro-
viding neither. Eighty camera stations 
were placed, one camera for every fve 
to six acres, that ran continuously over 
a year. Te cameras recorded when an 
animal entered the area and the vegeta-
tion characteristics in proximity. 

Te team was initially surprised to 
fnd that portions of the property ofer-
ing both food and cover saw the most 
animal abundance. 

“Most people think it’s all about food and 
that you have to have food since it’s a basic 
requirement for life,” Strickland said. “So, 
I went into this study with the assumption 
that we were going to see more animals 
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in the areas that were exclusively food.” 
In hindsight, however, Strickland noted 

that the outcomes are understandable as 
land providing refuge and ease of access to 
food provide basic necessities for wildlife. 

“Te places that provided food and 
cover simultaneously is where we saw 
a true diference in wildlife abundance,” 
Strickland said. “Tose places that could 
provide refuge without wildlife having to 
go great distances, exposing themselves 
to predators, are where we found them.” 

DR. GARRETT STREET, assistant profes-
sor in the Department of Wildlife, Fisher-
ies and Aquaculture, found himself not as 
the cameraman but as the one interpret-
ing and quantifying the evidence. Street 
was the brain behind taking the data col-
lected from the cameras and analyzing it. 

“My portion of the research was to 
detect wildlife in the photographs, com-
pile and analyze the data, and then use a 

mathematical equation to determine prob-
ability of wildlife occurrence,” Street said. 

Te fndings open the door for a con-
versation with hunters and landowners on 
best practices to improve wildlife response. 
Most importantly, the importance of both 
food and cover in a habitat is evident. 

“Animals are more than just eating 
machines, you have to think about them 
through a whole system, whole animal 
perspective,” Street said. “Tis gives us 
leverage and evidence to speak to hunters 
about what they want out of their hab-
itats. If your goal is to have land that is 
good for hunting and providing these 
animals with what they need, give them 
the cover.” ■ 

This work is funded through the Mississippi Agri-
cultural and Forestry Experiment Station, the 
Forest and Wildlife Research Center, and the 
MSU Foundation’s Bulldog Forest. 
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Don’t Wing
the Future 
DESIGNING A PREDICTIVE MAP 
TO MITIGATE WOODPECKER DAMAGE 
BY REAGAN POSTON 

P 
OWER COMPANIES across the nation 
spend millions of dollars each year 
repairing and replacing utility poles 

damaged by woodpeckers. Researchers in 
the Forest and Wildlife Research Center are 
putting their heads together to develop a 
predictive map of where such damages will 
likely occur, giving power companies a pro-
active and cheaper way to head of damage 
before the pecking even begins. 

Te Tennessee Valley Authority keeps 
the lights on in a seven-state region, serv-
ing portions of Tennessee, Mississippi, Ala-
bama, Georgia, Kentucky, North Carolina, 
and Virginia. Since TVA supplies electricity, 
if a pole snaps due to woodpecker damage 
there’s a potential for bodily harm, fre or 
even local impact to the grid. 

In order to better understand the scope 
of the problem, TVA contacted DR. SCOTT 
RUSH, an associate professor in the Depart-
ment of Wildlife, Fisheries and Aquaculture, 
to design a unique map that would give them 
more information as to the locations and 
trends of woodpecker damage. 

Rush, the project’s principal investigator, 
shared TVA’s vision of the study. 

“TVA is looking for a more efcient and 
efective way to understand the ecology of 
woodpeckers,” Rush said. “Tat would allow 
them to be proactive in their maintenance, 
which is fscally responsible because it’s 
cheaper to prevent damage than it is to repair it.” 

Tough woodpeckers undoubtedly damage 
utility poles, it’s likely that they are only exac-
erbating an existing problem. Rush shared 
how the damage done by the woodpeckers is 
speeding up an inevitable process, which may 
be positioning the birds as an alert system. 

“If a woodpecker is being drawn to a pole, 
there’s likely already some structural damage 
to it. If a tree is rotten with fungi and insects, 
there’s more incentive to drill there, so by get-
ting an understanding of where they’re cre-
ating damage, we can ofer TVA the oppor-
tunity to detect trends in the ecologic data 
and take a proactive approach to the damage,” 
Rush said. 

As simple as the goal sounds, a modifed 
species distribution map, such as the one TVA 
requested, requires an incredible amount of 
data to make a well-informed prediction. 

HANNAH WRIGHT has been working on 
this study as her master’s thesis and played 
an important role in the culmination of this 
map and its volume of data. Wright began 
by combing through various databases for 
statistics on the woodpecker population in 
a given area as well as the measure of many 
diferent environmental factors such as ele-
vation and temperature. Wright also spent 
a great deal of time visiting the seven-state 
service area of TVA, gathering data in-per-
son on numerous damaged utility poles. 

Once the massive compilation of data 
was fnished, it was then cross-referenced 
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with information given by TVA of utility 
pole damage and replacement to establish 
trends among the locations and, hopefully, 
ofer reasonable predictions as to what loca-
tions the woodpeckers might damage next. 

Wright shared how the species distribu-
tion map itself is special. 

“Most of the time when species distribution 
maps are being utilized, it’s for conservation 
purposes. Tat’s not to say that this study is 
anti-conservation. Te TVA doesn’t ever want 
to hurt the woodpeckers, but they are caus-
ing a problem, and they need to know how 
to adapt to them in their power structure. 
It’s been interesting applying this tool to a 
diferent context, one that’s more concerned 
with a human-wildlife confict,” Wright said. 

Tough the model was requested for its 
predictive value, checking the accuracy of 
predictions in the present can prove difcult. 
With that in mind, Rush and Wright have 
organized the model such that it calibrates 
itself with 80 percent of the data it holds, 

then produces predictive outputs that the 
researchers can check against the remaining 
20 percent of the actual data. Te location 
outputs are units of about 180-square-feet, 
a narrow enough margin that maintenance 
workers at TVA would have only one or two 
utility poles to check within the area. 

While the model is still undergoing minor 
adjustments before its presented to the TVA for 
implementation in the feld, the researchers 
are hopeful about its future and its economic 
beneft to the Tennessee Valley Authority. 

“If this model can save the TVA even 20 
percent of what they pay to repair wood-
pecker damage annually, then that’s a mil-
lion dollars for the company that services 
nearly 10 million people in our neighbor-
hoods,” Wright said. “It’s fulflling to work 
on a project that impacts so many people.” ■ 

This work was funded by the Tennessee Valley Author-
ity, Alabama Ornithological Society, and the United 
States Geological Survey. 
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PROFILE 
GRADUATE STUDENT 

ALEXANDRA FIRTH 
PHOENIX, ARIZONA 

A Bird on the 
Water is Worth 
Two to the Farmer 
GRADUATE STUDENT EXAMINES HOW 
AGRICULTURE CAN BENEFIT FARMERS AND 
THE ENVIRONMENT 
BY REAGAN POSTON 

F 
ROM THE arid felds of New Mexico to 
the winter-fooded rice felds of the Mis-
sissippi Delta, ALEXANDRA FIRTH has 

developed a passion at the intersection of agri-
culture and soil conservation. 

Afer graduating with a degree in ecology from 
Humboldt State in Northern California, the 
Phoenix native’s career as a biological technician 
took her all over the U.S. and briefy to Europe. 
It was while working on an organic farm in New 
Mexico, however, that Firth became interested 
in how agriculture systems can support the envi-
ronment and eventually decided to pursue a mas-
ter’s degree in wildlife, fsheries and aquaculture 
at Mississippi State, which she earned in 2018. 

“I witnessed agriculture’s impact on natural 
systems in my travels as a biological techni-
cian, but working on the farm in New Mexico 
is where I really became interested in how 
agriculture and natural systems afect each 
other. At Mississippi State, I’ve been able to 
put those interests to practice,” Firth said. 

Her thesis research focused on how agricul-
ture can mutually beneft the farmer and the 
environment. She designed a study that looked 
at the extent to which natural resources and 
agronomic systems are afected by waterfowl 
in winter-fooded LEISA rice felds [see our 
story on page 40]. 

To quantify these efects, Firth and her research 
team modeled their case study afer a producer 
in the Mississippi Delta who was employing a 
LEISA method of management. LEISA is a col-
lection of sustainable management practices 
that adapts the system for a given environment, 

optimizes the resources already available, and 
minimizes the changes to the natural environ-
ment. Te combination of these management 
practices created habitats for wintering water-
fowl, and afer a decade of doing this, the pro-
ducer was reporting improvements in soil health 
and a reduction in needed fertilizer. 

Firth’s case study aimed to determine the extent 
to which the birds were afecting soil health 
in LEISA felds that had been winter-fooded 
with rainwater and had not been tilled follow-
ing harvest. Tey compared avian populations 
with that of fooded and non-fooded felds not 
managed with LEISA practices and consistently 
saw higher populations in fooded LEISA felds. 

Tough game cameras on-site captured photos 
of thousands of birds in a single winter fooded
LEISA feld, the true measure of the impact 
of abundant waterfowl is refected in the soil 
sampling. Firth, focusing on soil microbiol-
ogy in her pursuit of a Ph.D., shared the impact 
of these management practices on the soil. 

“Hundreds of birds all occupying the same 
space leave signifcant amounts of droppings 
behind and those droppings are a rich source 
of organic matter, microbial activity, and nutri-
ents. Te fecal matter is incorporated into the 
soil and has the potential to be used as fertil-
izer for the following crop. Te LEISA fooded 
felds had more nitrogen, carbon, and micro-
bial diversity and activity, indicating that this 
type of production system and associated bird 
use improve soil health,” Firth said. 

Given that LEISA is a collection of manage-
ment practices, the benefts cannot be solely 
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Alexandra Firth 
prepares samples in 

the laboratory. (Photo 
Submitted) 

  

 
 

 

 
 

 

 
 
 

 
 
 
 

 

attributed to the birds, but Firth shared how 
improved soil health can beneft the larger envi-
ronment in addition to the individual producer. 

“To the producer, soil health is obviously 
important for adequate growing conditions, 
but improving soil health is one of the biggest 
things we can do for the environment as well. 
Soil can sequester carbon, potentially ofset-
ting the efects of climate change. Healthy soil 
also holds onto nutrients more efectively, low-
ering fertilizer input needs  and nutrient run 
of into the water,” Firth said. 

Tough this project is a case study with still 
much to be learned, for Firth, the study ofers 
the opportunity to show producers that, with 
the right conditions and management practices, 
agronomic proft and environmental stew-
ardship don’t have to be mutually exclusive. 

Firth is continuing her research at the 
intersection of agriculture and conservation 
as a doctoral student in the College of Forest 
Resources, expanding her skill set to investi-
gate the efects of cover crops on soil health 
and water quality in the Mississippi Delta. ■ 

Firth’s committee included Dr. Beth Baker, assistant 
extension professor; Dr. Brian Davis, James C. Kennedy 
Endowed Associate Professor in Waterfowl and Wetlands 
Conservation; Dr. Ray Iglay, assistant research profes-
sor, all in the Department of Wildlife, Fisheries and 
Aquaculture; and Dr. John Brooks, a USDA-ARS scientist. 
This research was funded by the Monsanto Foundation; 
the Forest and Wildlife Research Center; the United 
States Department of Agriculture Southern Sustainable 
Agriculture, Research & Education; and the United States 
Department of Agriculture’s Agricultural Research Services. 
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WILDLIFE, FISHERIES & AQUACULTURE 

PROFILE 
UNDERGRADUATE STUDENT 

ANNA GAMBLIN 
AKRON, OHIO 

It’s a Bird, 
It’s a Plane, 
It’s a Problem 
UNDERGRADUATE RESEARCH 
MONITORS VULTURE FLIGHT PATHS 
TO MITIGATE AVIATION DAMAGE 
BY REAGAN POSTON 

O 
VER THE LAST ten years, the Naval Air 
Station Meridian, or NASMER, has seen 
upwards of twenty aerial collisions with 

vultures, 739 near-misses, and an estimated 
1,500 near-misses that went unreported. Te 
unstudied habits of these birds mean that such 
vulture-aircraf collisions, costing as much as 
$40 million, are difcult to predict and thereby 
avoid. NASMER sought the expertise of scien-
tists in the Forest and Wildlife Research Center 
who have now taken on the task of tracking the 
black vulture population around the base. 

ANNA GAMBLIN, a senior wildlife, fish-
eries and aquaculture major, was raised to 
appreciate both nature and Mississippi State. 
Her parents were both MSU alums, so when 
her own love of wildlife took wing, Gam-
blin took up the mantle and became a MSU 
wildlife, fisheries and aquaculture major. 

“Coming to Mississippi State, even though 
it’s eight hundred miles from Akron, felt like 
coming home,” Gamblin said. 

She started as a student researcher her freshman 
year and joined the vulture team as an Undergrad-
uate Research Scholar as a junior. Gamblin shared 
that this research opportunity combined the two 
things that she loves: learning and conservation. 

“Tere used to be this massive tree outside 
of my late grandmother’s house, and when I 
would go visit her and spend the night, the 
birds would sing so loudly that they woke 
me up. To this day, when I hear birds in the 
morning, I think of her,” Gamblin said. “For 

me, conservation isn’t just preserving wild-
life. It’s preserving memories like these.” 

In this study, the vulture population is being 
monitored primarily through placement of col-
ored, numbered tags of vultures and reporting by 
citizen scientists. Gamblin has been in the land-
flls—a favorite habitat of vultures—studying and 
tagging the birds for four months. By gaining 
knowledge of where typical vulture fight paths 
take them and when, Gamblin and her team can 
ofer NASMER the opportunity to adapt their 
own fight plans and avoid vulture collisions. 

Te Akron, Ohio native was most excited 
about the study’s research objectives. 

“Tis study has a lot of moving parts. In 
addition to tagging the vultures for NASMER, 
we’re also observing the vultures’ behavior, 
taking blood samples to observe lead concen-
trations and the sex of the individuals, and 
sampling the bacterial communities on the 
head and in the mouths of vultures, hoping 
to understand the relationship between the 
bacteria and the vultures’ ability to be in and 
around and digest rotten food, ” Gamblin said. 

Gamblin shared how this multifaceted 
research approach may help dispel some inac-
curate assumptions about vultures and lead 
to more overall understanding of the species. 

“People are very rarely clambering to work 
with vultures, so they’re an understudied species. 
Trough this research and getting to help the 
birds, I’ve seen things like allopreening between 
the adults and the young, which shows that, while 
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Anna Gamblin handles 
a vulture as part of 

her research project. 
(Photo Submitted) 

  

 
 

    

 

 
 

 
 

 
 

 
 

 
 
 

 
 
 

 

  
 

people think they are not clean, they do care 
for each other and clean themselves and 
others within their group,” Gamblin said. 

In order to continue expanding and uti-
lizing this vulture knowledge to mitigate 
human-wildlife conficts, the tracker data 
gathered from this study will be analyzed 
in three dimensions with the hopes of pin-
pointing if, when, and why vultures fre-
quent specifc areas, both in the air and on 
the ground. Comparing three-dimensional 
Navy fight patterns to vulture fight pat-
terns, along with knowing roosting areas, 
and thermals that facilitate these birds’ 
movements will help minimize vulture 
strikes and the potential for pilot injury. 

DR. SCOTT RUSH, associate professor 
in the wildlife, fsheries and aquaculture 

department is the primary investigator on the 
study, as well as Gamblin’s research advisor, 
shared what an asset she has been to the team. 

“She’s been doing an excellent job handling 
research while also taking classes during 
this semester, never complaining about the 
heat—or smell—of tagging vultures in land-
flls,” Rush said. “Anna is enthusiastic about 
working with the birds and gaining insight 
to some of their unique behaviors, and her 
interest in diferences in behaviors and ecol-
ogy of the birds provides a signifcant per-
spective as we learn ways to help reduce 
negative vulture-aircraf interactions.” ■ 

This research is funded by the Meridian Airport 
Authority, the U.S. Department of Defense, and the 
Forest and Wildlife Research Center. 
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No Harm,
Plenty of Waterfowl 
RECREATING WATERFOWL HABITATS 
TO AID SOIL HEALTH 
BY REAGAN POSTON 

A 
RECENT CASE STUDY suggests that em-
ploying of-season rice production sys-
tems as fooded habitats for waterfowl 

could make the soil healthier and reduce exter-
nal nitrogen inputs. 

DR. BETH BAKER, assistant extension profes-
sor, experienced this frsthand when she met a 
rice farmer in the Mississippi Delta who was uti-
lizing masses of waterfowl in the of-season to 
help trample rice stubble and reduce fertilizer use. 

“Tis farmer had been using a LEISA approach, 
which means low-external-input sustainable agri-
culture. It is a sustainability approach that is more 
commonly used on small organic farms, which 
made it noteworthy to me that this farmer was 
successfully applying it to a large-scale produc-
tion system and was seeing agronomic benefts. I 
was interested to know if the circumstances and 
results could be quantifed, recreated, and poten-
tially adopted by a larger population,” Baker said. 

With that goal in mind, Baker gathered a 
team of researchers to craf a case study repli-
cating the conditions, and pivotal to the recre-
ation of the LEISA farm was the presence of the 
waterfowl, in this case, ducks and geese. A key 
member of the team was graduate student ALEX-
ANDRA FIRTH, who brought the research idea 

into practice. She had the hard task of fguring 
out how to collect, analyze, and interpret the 
data and fndings with the help of her committee. 

DR. BRIAN DAVIS, James C. Kennedy associ-
ate professor and waterfowl specialist, a com-
mittee member, shared why the combination of 
fooding and rice stubble in these particular felds 
attracts waterfowl.  

“Flooding the rice felds in winter creates import-
ant foraging habitats, and roosting habitat for them 
at night. Not tilling the stubble into the soil pro-
vides more available waste seed. Birds are more 
likely to choose fooded, non-tilled felds over 
fallow, non-fooded ones,” Davis said. 

In addition to the rice felds providing roosting 
and foraging habitat, their location in the Missis-
sippi Delta is part of the natural migratory path 
of many waterfowl species such as ducks, geese, 
and swans. Historic bottomland hardwoods of 
the Mississippi Delta have mostly been replaced 
by agricultural crops, including rice, but if rice 
felds remain fooded in winter, producers ensure 
that ducks and geese continue their natural migra-
tion patterns to this region. 

Game cameras installed on-site demonstrated 
that the fooded LEISA felds had higher bird abun-
dances than their tilled counterparts. Overall, the 
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Flooded rice felds 
incorporating LEISA 

practices saw an 
increase of 15 geese 
per hectare per day. 
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fooded LEISA felds saw upwards of 15 geese 
per hectare per day, more than twice that of 
the unfooded LEISA felds, and more than six 
times that of the unfooded conventional felds. 

Te birds are not the only ones to ben-
efit from making a home in these rice 
felds; this case study suggested that water-
fowl helped to improve certain soil health 
parameters, increasing carbon, nitrogen, and 
microbial activity in the soil through their 
droppings. Tis jump in nitrogen equates 
to less fertilizer costs for the producer. 

“Flooding in LEISA felds makes a difer-
ence in waterfowl conservation, and of course, 
the more birds you have, the more they can 

activate and integrate nutrients in the soil and 
decompose rice straw, which helps the grower 
economically. It’s really a win-win,” Davis said. 

Alongside Dr. Davis, Dr. Baker, and Alex-
andra Firth, the research team included DR. 
RAY IGLAY, assistant professor in the Depart-
ment of Wildlife, Fisheries and Aquaculture, 
and Dr. John Brooks, USDA-ARS research 
scientist. ■ 

This research was funded by the Monsanto Foundation; 
the Forest and Wildlife Research Center; the United 
States Department of Agriculture Southern Sustainable 
Agriculture, Research & Education; and the United States 
Department of Agriculture’s Agricultural Research Services. 
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CENTER FOR RESOLVING HUMAN-WILDLIFE CONFLICTS 

The Center for Resolving Human-Wildlife 
Conficts advances research and applied 
management of natural-human systems, 
provides leadership and training for 
resolving human-wildlife interactions, and 
expands educational opportunities for 
students interested in human dimensions 
of wildlife and fsheries conservation. 

A Pelican 
Breach 
RESEARCHERS SEEK TO CURB PELICAN 
PREDATION ON MISSISSIPPI’S CATFISH FARMS 
BY VANESSA BEESON 

W 
HILE THE white pelican is a ma-
jestic bird, it can also be a major 
nuisance to Mississippi catfsh 

farmers. USDA’s Animal and Plant Health 
Inspection Service (APHIS) estimates a 
pelican would need to consume up to 11 
catfsh per day to meet its daily energetic 
requirement. Tis means an average fock 
of 250 pelicans would consume roughly 
2,750 fsh per day, resulting in a daily pro-
duction loss of nearly $3,000. Couple that 
with the fact that the birds are host to a va-
riety of catfsh parasites including the trem-
atode Bolbophorus damnifcus, which can 
cause production losses upwards of 60 per-
cent, and it becomes evident that pelicans 
can devastate catfsh ponds. For scientists 

to help catfsh farmers mitigate pelican 
predation, more has to be learned about 
the bird itself. Specifcally, FWRC research-
ers are studying how, when, and where 
these birds migrate and how certain fac-
tors such as wind, thermals, and climate 
change infuence their fight patterns. Tey 
hope by answering those questions, they 
can help catfsh farmers better estimate 
when and where ponds may be at greatest 
risk for pelican predation. 

Te research, funded by the U.S. Depart-
ment of Agriculture, Wildlife Services, Wild-
life Research Center, is led by DR. GUIMING 
WANG, professor in the Department of Wild-
life, Fisheries and Aquaculture, who said 
the team sought to answer both a scientifc 
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White pelicans, which 
have the largest wingspan 

of all North American 
birds of up to nine feet, 

use thermals, or upward 
currents of warm air, to 

gain height and soar up to 
10,000 feet. (Stock photo) 

  

 

 

 
 

 
 

 

     
 

  
   

 

 

 

 
 

 

 
 

    

 
 

 
 
 

 
 

 

 

 

 
 

 
 
 
 

 
 

question and an economic question. 
“Scientifcally, we want to know how 

wind and thermals afect pelican spa-
tial distribution and movement across 
long distances,” Wang said. “Answering 
that question will help us with the eco-
nomic piece: helping formulate efective 
management guidelines reducing peli-
can predation on catfsh farms.” 

White pelicans, which have the larg-
est wingspan of all North American 
birds of up to nine feet, use thermals, 
or upward currents of warm air, to gain 
height and soar up to 10,000 feet. Teir 
range is vast, spanning the length of North 
America. Researchers studied the annual 

cycle of diferent populations of allo-
heimic migrants of pelicans, which are 
groups of birds that may share breed-
ing grounds but overwinter in difer-
ent places. Tese birds included popula-
tions that overwintered in northern U.S. 
and in the South in Mississippi, Louisi-
ana, and Alabama. Tey sought to deter-
mine if fight patterns changed in annual 
cycles between alloheimic populations. 

Te team analyzed data from 72 pel-
icans that were ftted with GPS collars 
by USDA APHIS and monitored from 
2002-2012, data from the U.S. Geolog-
ical Survey’s Bird Banding Laboratory 
that spans from 1960-2015, and several 

years of data from the popular eBird app, 
a citizen scientist-driven application pro-
duced by Purdue University. From there, 
the team built a model, which shows dis-
tribution based on the bird movement, 
to estimate pelican home ranges across 
seasons. 

“We identifed where these birds are 
during the spring migration, breeding, 
autumn migration, and wintering peri-
ods,” said RYO OGAWA, a doctoral stu-
dent on the project. “From there, we com-
pared hourly movement speeds and home 
ranges of pelicans by wintering popula-
tion groups and seasons.” 

Te team obtained wind speeds and 
direction data from the National Centers 
for Environmental Prediction to calcu-
late least-cost migratory paths of these 
birds and compare the paths with the 
actual routes taken according to the GPS-
tracked pelicans. 

“We found that pelicans exhibited the 
same movement behaviors such as move-
ment speed and similar home range on 
their common breeding grounds but dif-
ferent movement behaviors between their 
separate wintering grounds,” Ogawa said. 

“We also learned that southerly winter-
ing pelicans migrated faster in spring by 
following northward wind paths more 
closely than northerly wintering pelicans.” 

He said the work is a frst step in deter-
mining how pelican movement impacts 
catfsh producers. 

“From here, we’d like to build a risk 
map that shows when and where pel-
icans might arrive in areas where 
there are catfsh farms,” Ogawa said. 

MSU researchers, DRS. WES BURGER, 
BRIAN DAVIS, and BRONSON STRICKLAND, 
contributed to the work. Collaborators 
from the U.S. Department of Agricul-
ture, Wildlife Services, National Wild-
life Research Center, Mississippi Field 
Station at MSU include Tommy King 
and Dr. Fred Cunningham as well as 
the now-retired Dr. Marsha Sovada, 
who ftted pelicans with GPS collars. ■ 

This research is funded by the U.S. Department of 
Agriculture, Wildlife Services, National Wildlife 
Research Center. 

http://humanwildlifeconficts.msstate.edu 2020 ANNUAL REPORT 43 

http://humanwildlifeconflicts.msstate.edu


 

  
 
 
 

 

 
 
 
 

 
 
 
 
 

  

 

 
 
 

 
 

  

 
 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 

 
 

 
 
 
 
 

 
 

 
 

 

  

 

 

 

 

  
 

 

 

 
 

 
 
 

 
 
 

 

 

PUBLICATIONS 

FACULTY REFEREED 
PUBLICATIONS 
JULy 1, 2019 - JUNE 30, 2020 

Adams, H. L., L. W. BURGER, S. Rifell. 
2019. Infuence of disturbance on avian 
communities in agricultural conservation 
bufers in Mississippi, USA. Te Open 
Ornithology Journal 12:16-29. 

Alchouron, J., C. Navarathna, H. D. Chludil, 
N. B. Dewage, F. Perez, E. B. M. HASSAN, 
C. U. Pittman Jr., A. S. Vega, T. E. Mlsna. 
2020. Assessing South American Guadua 
chacoensis bamboo biochar and Fe3O4 
nanoparticle dispersed analogues for 
aqueous arsenic(V) remediation. Science 
of the Total Environment 107:135943. 

Allred, S., W. Shao, J. H. Jones, M. W. 
Schilling, B. BAKER, P. J. ALLEN. 2020. 
Efects of acute environmental and handling 
exposure on physiology and fllet quality of 
market-sized Channel Catfsh. Aquaculture 
Research 51(5):1854-1866. 

Anderson, G. C., F. C. OWENS, F. FRANÇA, 
R. J. Ross, R. SHMULSKY. 2020. Correlations 
between grain angle meter readings and 
bending properties of mill-run Southern 
pine lumber. Forest Products Journal 
70(3):275-278. 

Arney, R., A. Shepherd, H. D. ALEXANDER, 
A. Rahman. 2020. Soil carbon and nitrogen 
storage in natural and prop-scarred 
Talassia testudinum seagrass meadows. 
Estuaries and Coast  44:178-188. 

Arregui, L., P. Boveda, J. Gosalvez, A. J. 
KOUBA. 2020. Efect of seasonality on 
amphibian sperm production, storage and 
cryopreservation. Aquaculture 529:735677. 

Babl, E., H. D. ALEXANDER, C. M. SIEGERT, 
J. L. Willis. 2020. Could canopy, bark, and 
leaf litter traits of encroaching non-oak 
species infuence future fammability of 
upland oak forests? Forest Ecology and 
Management 458:117731. 

Barela, I., L. M. BURGER, J. Taylor, K. EVANS, 
R. Ogawa, L. McClintic, G. WANG. 2020. 
Relationships between survival and habitat 
suitability of semi‐aquatic mammals. 
Ecology and Evolution 10(11):4867-4875. 

Blake, C., J. STREET, J. R. Wooten, B. 
Mitchell, F. C. OWENS. 2019. Industrial-
scale pelletization of Southern pine energy 
pellets with various additives. Applied 
Engineering in Agriculture 35(6):889-901. 

Bonnot, T. W., T. Jones-Farrand, F. R. 
Thompson, III, J. J. Millspaugh, J. A. 
Fitzgerald, N. Muenks, P. Hanberry, E. 
Stroh, L. Heggemann, A. Fowler, M. Howery, 
S. Hammond, K. EVANS. 2019. Developing 
a decision-support process for landscape 
conservation design. U.S. Forest Service 
General Technical Report NRS-190. U.S. 
Forest Service General Technical Report 
NRS-190. 

Brooks, J. P., R. K. Smith, C. Aldridge, B. 
Chaney, A. R. Omer, J. Dentinger, G. M. 
STREET, B. BAKER. 2020. A preliminary 
investigation of Feral Hog (Sus scrofa) 
impacts on water quality. Water Research 
49(1):27-37. 

BURGER, L. W., K. A. EVANS, M. D. 
MCCONNELL, L. M. BURGER. 2019. Private 
lands conservation: A vision for the future. 
Wildlife Society Bulletin 43(3):398-407. 

Burr, P. C., J. L. Avery, G. M. STREET, B. 
K. STRICKLAND, B. S. Dorr. 2020. Fine 
scale characteristics of catfsh aquaculture 
ponds infuencing piscivorous avian species 
foraging use in the Mississippi Delta. PLOS 
ONE. 

Cai, L., H. LIM, D. D. NICHOLAS, Y. KIM. 
2020. Bio-based preservative using methyl-
β-cyclodextrin-essential oil complexes for 
wood protection. International Journal of 
Biological Macromolecules 147:420-427. 

Cai, L., H. LIM, N. C. Fitzkee, B. Cosovic, 
D. Jeremic Nikolic. 2020. Feasibility 
of manufacturing strand-based wood 
composite treated with β-cyclodextrin-
boric acid for fungal decay resistance. 
Polymers 12(2):274. 

Cao, G., F. C. OWENS, S. P. Verrill, R. 
SHMULSKY, R. J. Ross. 2019. Within-mill 
variation in the means and variances of 
MOE and MOR of mill-run lumber over 
time. Wood and Fiber Science 51(4):387-401. 

Cao, Y., J. T. STREET, M. Li, H. LIM. 2019. 
Evaluation of the efect of knots on rolling 
shear strength of cross laminated timber 
(CLT). Construction and Building Materials 
222:579-587. 

Carmona Uzcategui, M. G., R. D. SEALE, F. 
FRANCA. 2020. Physical and mechanical 
properties of clear wood from red oak 
(Quercus spp.) and white oak (Quercus 
spp.). Bioresources 15(3):4960-4971. 

Carmona Uzcartegui, M. G., R. D. SEALE, F. 
FRANCA. 2020. Physical and mechanical 
properties of hard maple (Acer saccharum) 
and yellow poplar (Liriodendron tulipifera). 
Forest Products Journal 70(3):326-334. 

Chance, D. P., J. R. McCollum, G. M. STREET, 
B. K. STRICKLAND, M. A. Lashley. 2019. 
Vegetation characteristics infuence fne-
scale intensity of habitat use by wild turkey 
and white-tailed deer in a loblolly pine 
plantation. Basic and Applied Ecology 
43:42-51. 

Chance, D. P., J. R. McCollum, G. M. STREET, 
B. K. STRICKLAND, M. A. Lashley. 2019. 
Native species abundance bufers non-native 
plant invasibility following intermediate 
forest management disturbances. Forest 
Science 65(3):336-343. 

44 FOREST & WILDLIFE RESEARCH CENTER FWRC authors in bold 



  

 
  

 
 
 

 
 

 

 

 
 
 
 
 

 

 

 
 

 

 
 
 

  
 

 
 

 
 

 
 

 
 

 
   

 

 

 
 

  
 
 
 

 
 

 

     

   

 
 
 

  
 
 

  
 
 
 
 
 
 

  
 
 

  
 
 
 

  

 
 

Chen, C., F. Kuang, O. Tor, F. Quin, Z. 
Xiong, J. ZHANG. 2019. Static lateral 
load capacity of extruded wood-plastic 
composite-to-metal single-bolt connections, 
considering failure at the ends. BioResources 
14(4):8987-9000. 

Chen, C., Y. Xing, W. Xu, O. Tor, F. Quin, 
J. ZHANG. 2019. Cyclic behavior of self-
tapping screwed laminated bamboo lumber 
connections subjected to cycle loadings. 
BioResources 14(4):9214-9227. 

Clements, S. A., B. S. Dorr, J. B. DAVIS, L. 
A. Roy, C. E. Engle, K. C. Hanson-Dorr, A. 
M. Kelly. 2020. Diets of scaup occupying 
baitfsh and sportfsh farms in eastern 
Arkansas. Food Webs 23:e00141. 

Coppola, G., L. MIRANDA, M. COLVIN, H. R. 
Hatcher, M. A. Lashley. 2019. Submergence 
responses of cool-season annual plants 
and potential for fish habitat. North 
American Journal of Fisheries Management 
39(6):1269-1276. 

Cordeiro Barbosa, M., J. STREET, F. C. 
OWENS, R. SHMULSKY. 2019. Te efect 
of multiple knots in close proximity on 
Southern pine lumber properties. Forest 
Products Journal 69(4):278-282. 

CORREA, S. B. 2019. Fish frugivory in 
Neotropical wetlands: Past, present and 
future of a unique interaction. Journal of 
the Chico Mendes Institute for Biodiversity 
Conservation 9(2):34-44. 

Dahal, R., R. K. GRALA, J. S. Gordon, I. A. 
MUNN, D. R. Petrolia, R. Cummings. 2019. 
A hedonic pricing method to estimate value 
of waterfront in the Gulf of Mexico. Urban 
Forestry & Urban Greening 41:185-194. 

Dangal, S., H. Tian, R. Xu, J. Chang, J. G. 
Canadell, P. Ciais, S. Pan, J. YANG, B. Zhang. 
2019. Global nitrous oxide emissions from 
pasturelands and rangelands: Magnitude, 
spatio-temporal patterns and attribution. 
Global Biogeochemical Cycles 33(2):200-222. 

Dehghan, M., M. Faezipour, M. Azizi, H. Z. 
Hosseinabadi, E. Bari, D. NICHOLAS. 2019. 
Assessment of physical, mechanical, and 
biological properties of bamboo plastic 
composite made with polylactic acid. 
Maderas. Ciencia y technologia 21(4). 

Dinken, C. P., K. R. Keretz, H. L. Schramm, 
L. Petrie-Hanson, M. W. Schilling, P. J. 
ALLEN. 2020. Changes in physiology and 
stress responses of pellet-reared largemouth 
bass fed live-forage diets. North American 
Journal of Aquaculture 82:3-23. 

Ditchkof, S. S., J. C. Beasley, J. J. Mayer, 
G. J. Rolof, B. K. STRICKLAND, K. C. 
VerCauteren. 2019. Te Future of Wild Pigs 
in North America. In: K. C. VerCauteren, 
J. C. Beasley, S. C. Ditchkof, J. J. Mayer, G. 
J. Rolof, B. K. Strickland (eds.), Invasive 
Wild Pigs in North America: Ecology, 
Impacts, and Management. CRC Press, 
Boca Raton, Florida. 

dos Santos Bobadilha, G., C. E. STOKES, 
G. Kirker, S. Ali Ahmed, K. M. Ohn, D. J. 
V. LOPES. 2020. Efect of exterior wood 
coatings on the durability of cross-laminated 
timber against mold and decay fungi. 
BioResources 15(4):8420-8433. 

dos Santos Bobadilha, G., G. B. Vidauree, A. 
P. Camara, H. Fantuzzi Neto, J. T. Da Silva 
Oliveira, E. Pires Soliman, D. J. V. LOPES, 
J. Cola Zanuncio. 2019. Efect of defoliator 
insect on growth and wood properties of 
eucalypt trees. European Journal of Wood 
and Wood Products. 

Entsminger, E. D., B. K. Brashaw, R. D. 
SEALE, R. J. Ross. 2020. Machine grading 
of lumber—Practical concerns for lumber 
producers. U.S. Department of Agriculture, 
Forest Service, Forest Products Laboratory, 
General Technical Report FPL–GTR–279. 

Farrell, A., G. WANG, S. A. RUSH, J. A. 
Martin, J. L. Belant, A. Butler, D. Godwin. 
2019. Machine learning of large-scale 
spatial distributions of wild turkeys with 
high dimensions of habitat data. Ecology 
and Evolution 9:5938-5949. 

Faust, D. R., R. Kroger, B. H. BAKER, J. 
P. Brooks, M. S. Cox, S. A. RUSH. 2020. 
Investigating the role of organic carbon 
amendments and microbial denitrifcation 
gene abundance in nitrogen removal from 
experimental agricultural drainage ditches 
with low‐grade weirs. Water Environment 
Research 92(6):899-910. 

Firth, A. G., B. BAKER, J. P. Brooks, R. 
Smith, R. B. IGLAY, J. B. DAVIS. 2020. 
Investigation of pathogenic bacterial 
transport by waterbirds: A case study of 
fooded and non-fooded rice systems in 
Mississippi. Water 12(6):1833. 

Fowler, N., J. L. Belant, G. WANG, B. D. 
Leopold. 2019. Ecological plasticity of 
denning chronology by American black 
bears and brown bears. Global Ecology 
and Conservation 20:e00750. 

FRANÇA, F., T. AMORIM, R. D. SEALE, R. 
SHMULSKY. 2019. Modelling mechanical 
properties of 2x4 and 2x6 southern pine 
lumber: longitudinal vibration and visual 
characteristics. Forest Products Journal 
68(3):286-294. 

2020 ANNUAL REPORT 45 



 

  
 
 
 

 

 

 
 

 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 

 

 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 

 
  

 

 
 

  

 
 
 
 

   
 
 

 
 
 

 

 
 
 

  
  

 
 
 

 
 
 
 

  
 
 

  

PUBLICATIONS 

FRANÇA, F., T. AMORIM, R. D. SEALE, R. 
SHMULSKY. 2019. Assessing Southern 
pine 2x4 and 2x6 lumber quality using 
longitudinal and transverse vibration. 
Wood and Fiber Science 51(1):2-15. 

FRANCA, F., T. AMORIM, R. D. SEALE, 
R. SHMULSKY. 2020. Use of longitudinal 
vibration and visual characteristics to predict 
mechanical properties of No. 2 Southern 
pine 2 x 8 and 2 x 10 lumber. Wood and 
Fiber Science 52(3):280-291. 

FRANCA, F. T. AMORIM, R. D. SEALE, 
R. SHMULSKY. 2020. Nondestructive 
evaluation of 2 by 8 and 2 by 10 Southern 
pine dimensional lumber. Forest Products 
Journal 70(1):79-87. 

Fuller-Morris, M., D. A. Miller, D. U. Greene, 
S. A. RUSH. 2020. Biofuel management 
afects forest nutrients and avian diet. 
Food Webs 22:e00135. 

Gay, C., M. Crosby, J. Holderieath, E. 
MCCONNELL . 2020. Using Landsat 8 
imagery to determine a threshold for 
land cover change: a simulation approach. 
Mathematical and Computational Forestry 
& Natural Resource Sciences 12(2):74-78. 

Gillis, A. B., K. R. Counsell, R. Marcec, A. J. 
KOUBA, C. Vance. 2019. Viability staining 
techniques for cryopreserved spermatozoa 
in three caudata species. Reproduction, 
Fertility and Development 31(1): 23. 

Gordon, J. S., M. Measells, J. L. Willis, A. 
B. SELF. 2020. Experiences from a forestry 
extension long-term impact evaluation. 
Journal of Human Sciences and Extension 
8(2):201-205. 

46 FOREST & WILDLIFE RESEARCH CENTER 

Gordon, J. S., M. Measells, J. L. Willis, A. 
B. SELF. 2020. Comparing social media 
and postal mailings in forestry extension 
program marketing. Journal of Human 
Sciences and Extension 8(1):206-213. 

GREBNER, D., P. Bettinger. 2020. Key 
challenges in forest management. In J. 
A. Stanturf (Ed.), Achieving Sustainable 
Forestry Vol 1: Boreal and Temperate 
Forests. Burleigh Dodds Science Publishing, 
Cambridge. 

Greene, R. E., K. EVANS, T. Gray, D. T. 
Jones-Farrand, W. G. Wathen. 2019. Using a 
co-production approach to map future forest 
retention likelihood in the southeastern 
U.S. Journal of Forestry 118(1):28-43. 

Greene, R. E., R. B. IGLAY, K. EVANS. 
2019. Providing open forest structural 
characteristics for high conservation 
priority wildlife species in southeastern 
U.S. pine plantations. Forest Ecology and 
Management 453:117594. 

Grifn, J. W., R. D. SEALE, F. C. OWENS, L. A. 
Grace. 2020. Construction of an economic 
model for prospective forest products 
manufacturing facilities. Bioresources 
15(2):3874-3887. 

Gross, M. C., J. D. Lancaster, J. W. Simpson, 
B. T. Shirkey, S. E. McClain, C. N. Jacques, 
J. B. DAVIS, H. M. Hagy. 2020. Energetic 
carrying capacity of submersed aquatic 
vegetation in semi-permanent wetlands 
important to waterfowl in the Upper 
Midwest. Wetlands 40:491-501. 

Gunn, M. A., Z. S. Moran, B. M. Pracheil, 
P. J. ALLEN. 2019. Spatial changes in trace 
element and strontium isotope water 
chemistry in a temperature river system 
with application to sturgeon movement. 
Journal of Freshwater Ecology 34(1):739-755. 

Guy, E. L., A. B. Gillis, A. J. KOUBA, D. 
Barber, V. Poole, R. Marcec-Greaves, 
C. Vance. 2020. Sperm collection and 
cryopreservation for threatened newt 
species. Cryobiology 94:80-88. 

Guy, E., C. C. MISCHKE, M. COLVIN, P. J. 
ALLEN. 2019. Zooplankton selectivity by 
black bufalo in fertilized ponds. North 
American Journal of Aquaculture 81:215-221. 

Guy, E., M. W. Martin, A. J. KOUBA, J. 
A. Cole, C. K. Vance. 2020. Evaluation 
of diferent temporal periods between 
hormone-induced ovulation attempts in 
the female Fowler’s toad Anaxyrus fowleri. 
Conservation Physiology 8(1):8. 

Hatcher, H. R., L. MIRANDA, M. COLVIN, 
G. Coppola, M. A. Lashley. 2019. Fish 
assemblages in a Mississippi reservoir 
mudfat with low structural complexity. 
Hydrobiologia 841(1):163-175. 

Haus, J. M., S. L. Webb, B. K. STRICKLAND, 
J. E. Rogerson, J. L. Bowman. 2019. Land 
use and dispersal infuence mortality 
in white-tailed deer. Journal of Wildlife 
Management 83(5):1185-1196. 

Haus, J. M., S. L. Webb, B. K. STRICKLAND, 
K. P. McCarthy, J. E. Rogerson, J. L. Bowman. 
2020. Individual heterogeneity in resource 
selection has implications for mortality risk 
in white-tailed deer. Ecosphere 11(4):e03064. 

HILEMAN, E. T., B. A. Eichelberger, J. Liske-
Clark, P. D. Barnhart, R. N. Reed, A. A. 
Yackel Adams, M. G. Nafus. 2020. Landscape 
dominance of introduced herpetofauna 
on an oceanic island. Global Ecology and 
Conservation 22:e00984. 

Hill, J., T. DeVault, G. WANG, J. Belant. 
2019. Anthropogenic mortality in mammals 
increases with the human footprint. Frontier 
in Ecology and the Environment 18(1):13-18. 

FWRC authors in bold 



  

 
 

 
 
 

 
 
 
 

 

 
 
 

 

 
 
 

 

 

 
 

 

  
 
 

 
 

 

 

   

 

 
 
 

  

 
 
 

 
 
 

 
 

 

       
 
 
 
 
 

 

 

 
 
 

  
 
 
 

 

 
 
 
 

 

 

 

 

HIMES, A., K. Puettmann. 2020. Tree species 
diversity and composition relationship 
to biomass, understory community, and 
crown architecture in intensively managed 
plantations of the coastal pacifc northwest, 
USA. Canadian Journal of Forest Research 
50(1):1-12. 

Hu, L., O. Tor, L. Shen, J. ZHANG, F. Quin, 
X. Yu. 2020. Cushioning capability analysis 
of seat foundations considering the sitter’s 
anthropometric dimensions. BioResources 
15(4):7992-8007. 

Irby, N., F. FRANCA, H. M. BARNES, R. 
D. SEALE, R. SHMULSKY. 2020. Efect of 
growth rings per inch and specifc gravity on 
compression perpendicular to grain in no. 
2: 2 by 8 and 2 by 10 Southern pine lumber. 
Forest Products Journal 70(2):213-220. 

Irby, N., F. FRANCA, H. M. BARNES, R. 
D. SEALE, R. SHMULSKY. 2020. Efect of 
growth rings per inch and density on 
compression parallel to grain in Southern 
pine lumber. Bioresources 15(2):2310-2325. 

Ivey, M. R., M. COLVIN, B. K. STRICKLAND, 
M. A. Lashley. 2019. Reduced vertebrate 
diversity independent of spatial scale 
following feral swine invasions. Ecology 
and Evolution 9(13):7761-7767. 

Izbicki, B. J., H. D. ALEXANDER, A. K. 
Paulson, B. R. Frey, R. W. McEwan, A. I. 
Berry. 2020. Prescribed fre and natural 
canopy gap disturbances: Impacts on 
upland oak regeneration. Forest Ecology 
and Management 465:118107. 

Jargowsky, M. B., P. T. Cooper, M. J. 
Ajemian, M. COLVIN, J. M. DRYMON. 
2019. Discerning the dietary habits of the 
smooth butterfy ray Gymnura lessae using 
two distinct methods, otolith identifcation 
and metagenetics. Journal of Fish Biology 
96:434-443. 

Jin, S., Y. Su, S. Gao, F. Wu, Q. Ma, K. Xu, 
Q. MA, T. Hu, J. Liu, S. Pang, H. Guan, 
J. Zhang, Q. Guo. 2019. Separating the 
structural components of maize for feld 
phenotyping using terrestrial lidar data 
and deep convolutional neural networks. 
IEEE Transactions on Geoscience and 
Remote Sensing 58(4). 

Jones, P., B. K. STRICKLAND, S. DEMARAIS, 
W. T. McKinley, J. R. Ernst, J. A. Klassen. 
2019. Seasonal fooding efects on deer 
in the Mississippi River batture. Journal 
of Wildlife Management 83(5):1117-1130. 

Jones, W. D., J. C. Jones, I. A. MUNN, S. C. 
GRADO. 2020. Wildlife-related recreation 
impacts on rural land values. Journal of 
the Southeastern Association of Fish and 
Wildlife Agencies 7:246-254. 

Julien, A. R., A. J. KOUBA, D. Kabelic, 
J.-M. Nguekam Feugang, S. T. Willard, C. 
K. Vance. 2019. Nasal administration of 
gonadotropin releasing hormone (GnRH) 
elicits sperm production in Fowler’s toads 
(Anaxyrus fowleri). BMC Zoology 4(3). 

Kassahun, Z., J. N. Yow, H. J. RENNINGER. 
2020. Redundancy or diversity in leaf 
physiological and anatomical parameters 
in a species diverse, bottomland hardwood 
forest? Forests 15(5):519. 

Katzenmeyer, E. D., M. COLVIN, T. W. 
Stewart, C. L. Pierce, S. E. Grummer. 
2019. Fish growth changes over time in a 
midwestern U.S. lake. Transactions of the 
American Fisheries Society 148(2):493-506. 

Kautz, T., J. L. Belant, D. Beyer, B. K. 
STRICKLAND, J. Duquette. 2020. Infuence 
of body mass and environmental conditions 
on winter mortality risk of a northern 
ungulate: Evidence for a late-winter 
survival bottleneck. Ecology and Evolution 
10(3):1666-1677. 

Kautz, T. M., J. L. Belant, D. E. Beyer, B. K. 
STRICKLAND, T. R. Petroelje, R. Sollmann. 
2019. Predator densities and white-tailed 
deer fawn survival. Journal of Wildlife 
Management 83(5):1261-1270. 

Khademibami, L., D. Jeremic Nikolic, R. 
SHMULSKY, H. M. BARNES. 2020. Chitosan 
oligomers and related nanoparticles 
as environmentally friendly wood 
preservatives. BioResources 15(2):2800-2817. 

Khanal, P., T. J. Straka, D. GREBNER, D. 
Adams. 2019. Obstacles to participation 
in carbon sequestration for nonindustrial 
private forest landowners in the Southern 
United States: A difusion of innovations 
perspective. Forest Policy and Economics 
100:95-101. 

Kneece, M. R., J. D. Lancaster, J. B. DAVIS, 
D. E. Harrigal. 2020. Survival and recovery 
of mottled ducks in coastal South Carolina, 
2008–2018. Journal of the Southeastern 
Association of Fish and Wildlife Agencies 
7:189-194. 

Konukcu, A., J. ZHANG. 2019. Efects of full-
size panel width on cutting yield of wood-
based composites as upholstery furniture 
frame stocks. BioResources 14(2):4181-4193. 

Kramer, N. W., Q. E. Phelps, C. L. Pierce, 
M. COLVIN. 2019. A food web modeling 
assessment of Asian carp impacts in the 
Middle and Upper Mississippi River, USA. 
Food Webs 21:1-10. 

Kropp, H., M. Loranty, S. Natali, A. 
Kholodov, H. D. ALEXANDER, N. Zimov, 
M. Mack, S. Spawn. 2019. Tree density 
infuences ecohydrological drivers of plant– 
water relations in a larch boreal forest in 
Siberia. Ecohydrology 12(7):e2132. 

2020 ANNUAL REPORT 47 



 

 
 

 
 

 
 

 

 
 

 
 
 

 
 
 
 

  
 

  
 

 
 
 
 

 
 
 
 

     
 

 
 
 
 

  
 
 
 

 
 
 

 
 
 
 

 

 
 
 
 

 
 
 

 
 
 
 

 

   
 
 
 
 
 

 
 
 
 

 
 

 

 

 

PUBLICATIONS 

Liao, C., S. Chen, S. B. CORREA, W. Li, T. 
Zhang, J. Liu. 2019. Impoundment led to 
spatial trophic segregation among three 
closely related catfsh species in the Tree 
Gorges Reservoir, China. Marine and 
Freshwater Research 71(7):750-760. 

Limpert, K., C. M. SIEGERT. 2019. 
Interspecifc diferences in canopy-derived 
water, carbon, and nitrogen in upland oak-
hickory forest. Forests 10(12):1121. 

Li, M., W. Dong, H. LIM. 2019. Infuence of 
lamination aspect ratios and test methods 
on rolling shear strength evaluation of cross-
laminated timber. Journal of Materials in 
Civil Engineering 31(12). 

LIM, H., S. Tripathi, J. D. Tang. 2020. Bonding 
performance of adhesive systems for cross-
laminated timber treated with micronized 
copper azole type C (MCA-C). Construction 
and Building Materials 232:117208. 

Linhoss, A. C., C. M. SIEGERT. 2020. 
Calibration reveals limitations in modeling 
rainfall interception at the storm scale. 
Journal of Hydrology 124624. 

Linhoss, J. E., J. L. Purswell, J. T. STREET, M. 
R. Rowland. 2019. Evaluation of biochar as 
a litter amendment for commercial broiler 
production. Journal of Applied Poultry 
Research 28(4):1089-1098. 

Liu, Y., R. Trancoso, Q. MA, C. Yue, X. 
Wei, J. A. Blanco. 2020. Incorporating 
climate efects in Larix gmelinii improves 
stem taper models in the Greater Khingan 
Mountains of Inner Mongolia, northeast 
China. Forest Ecology and Management 
464:118065. 

48 FOREST & WILDLIFE RESEARCH CENTER 

LOPES, D. J. V. 2020. Lab-scale termite 
damage synthesis using least squares 
generative adversarial networks. 
International Research Group on Wood 
Protection IRG/WP 20-20674. 

LOPES, D. J. V., H. M. BARNES, G. dos 
Santos Bobadilha. 2020. Infuence of heat 
treatment and tannin impregnation on 
boron depletion and wood durability. 
Forests 11(2):201. 

LOPES, D. J. V., G. Burgreen, E. D. 
Entsminger. 2020. North American 
hardwoods identifcation using machine-
learning. Forests 11(3):298. 

LOPES, D. J. V., G. Burgreen, G. dos Santos 
Bobadilha, H. M. BARNES. 2019. Automated 
means to classify lab-scale termite damage. 
Computer and Electronics in Agriculture 
168:105105. 

LOPES, D. J. V., C. E. STOKES, G. d. S. 
Bobadilha. 2019. Te use of chemical and 
biological agents in the recovery of heavy 
metals from treated woods–A brief review. 
BioResources 14(1):13. 

MCCONNELL, M. D. 2019. Bridging the 
gap between conservation delivery and 
economics with precision agriculture. 
Wildlife Society Bulletin 43(3):391-397. 

MCCONNELL, M. D. 2019. Creating 
environmentally resilient agricultural 
landscapes. In K.Lynn, M. Ma, Q. Yang, 
and Q. Yao (Eds.), Safe and Sustainable 
Crop Protection ACS Symposium Series 
1334:107-121. 

MCCONNELL, T. E. 2020. Unit costs and 
trends within Louisiana’s logging contract 
rate. Forest Products Journal 70(1):50-59. 

MCCONNELL, T. E., C. B. Altizer, 2019. 
Economic contributions of North Carolina, 
United States, forest-sector foreign exports: 
An export-chain perspective. Forest Science 
65(6):734-742. 

MCCONNELL, T. E., C. L. Vanderschaaf, J. J. 
Holderieath, M. K. Crosby. 2019. Adequacy 
of timber trespass civil awards: A Louisiana 
case study. Journal of Forestry 117(6):533-542. 

MCCONNELL, T. E., C. L. VanderSchaaf, 
S. M. Tanger. 2019. Potential changes 
to Louisiana hardwood timber industry 
economic contributions following Emerald 
Ash Borer (EAB) invasion: An input-
output approach. Journal of Economic 
Entomology 112(6):2751-2760. 

MCCONNELL, T. E., M. K. Crosby, J. J. 
Holderieath, C. L. VanderSchaaf. 2020. 
Financial assessment of future stand 
conditions required to recover the 
opportunity costs of a north Louisiana 
streamside management zone. Forest 
Products Journal 70(1):39-49. 

Michel, E. S., S. DEMARAIS , B. K. 
STRICKLAND, J. L. Belant, L. E. Castle. 2019. 
Body mass infuences maternal allocation 
more than parity status for a long-lived 
cervid mother. Journal of Mammalogy 
100(5):1459-1465. 

Millspaugh, J. J., C. T. Rota, R. A. Gitzen, R. 
A. Montgomery, T. W. Bonnot, J. L. Belant, 
C. R. AYERS, D. C. Kesler, D. A. Eads, C. 
M. Bodinof-Jachowski. 2020. Analysis 
of resource selection by animals. In D. L. 
Murray and B. K. Sandercock (Ed.), Yes. 
Wiley, Hoboken, New Jersey. 

MIRANDA, L., D. M. Norris, V. R. Starnes, 
N. M. Faucheux, T. Holman. 2020. Stock-
recruitment dynamics of a freshwater 
clupeid. Fisheries Research 221:105378. 

FWRC authors in bold 



  

 

 

 

 
 
 

 
 

 

 
 
 
 
 

 
 
 
 

 

 

 

 
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 
 

 

  

 

 
 

   
 
 
 

MIRANDA, L., G. Coppola, J. Boxrucker. 
2020. Reservoir fsh habitats: A perspective 
on coping with climate change. Reviews 
28(4):478-498. 

MIRANDA, L. , K. J. Kilgore. 2020. 
Longitudinal distribution of uncommon 
fshes in a species‐rich basin. Aquatic 
Conservation 30(3):577-585. 

MIRANDA, L., K. J. Killgore. 2019. 
Abundance-occupancy patterns in a 
riverine fsh assemblage. Freshwater Biology 
64(12):2221-2223. 

Monroe, A. P., L. W. BURGER, J. A. Martin. 
2019. Pasture-scale vegetation predicts 
Dickcissel nest-site selection and success 
in native and exotic grass pastures. Te 
Condor 121(3). 

Moran, L., S. A. RUSH , B. Dorr, K. 
Hanson-Dorr, R.J. Moore. 2019. Data of 
soil, vegetation and bird species found 
on Double-crested Cormorant colonies 
in the southeastern United States. Data 
in Brief: 104726. 

Mutandwa, E., R. K. GRALA, D. R. Petrolia. 
2019. Estimates of willingness to accept 
compensation to manage pine stands 
for ecosystem services. Forest Policy & 
Economics 102:75-85. 

Narayanan, L. A., J. D. Tang, G. Kirker, 
M. Mohammadi-Aragh, C. E. STOKES. 
2019. Using metagenomics to quantify the 
bacterial diversity on feld stakes treated 
with wood preservatives. Pages 113-118 in 
Proceedings of the 62nd International 
Convention of Society of Wood Science 
and Technology. 

Navarathna, C. M., N. B. Dewage, C. Keeton, 
J. Pennisson, R. Henderson, B. Lashley, X. 
Zhang, E. B. M. HASSAN, F. Perez, D. Mohan, 
C. U. Pittman, T. E. Mlsna. 2020. Biochar 
adsorbents with enhanced hydrophobicity 
for oil spill removal. ACS Applied Materials 
& Interfaces 12(8):9248-9260. 

Navarathna, C., E. B. M. HASSAN, C. U. 
Pittman, T. E. Mlsna. 2020. Assessing 
South American Guadua chacoensis 
bamboo biochar and Fe3O4 nanoparticle 
dispersed analogues for aqueous 
arsenic(V) remediation. Science of the 
Total Environment 706:135943. 

NEAL, J. W. 2019. Increasing largemouth 
bass production using destratifcation: A 
case study. Journal of the Southeastern 
Association of Fish and Wildlife Agencies 
6:1-8. 

NEAL, J. W., P. J. ALLEN, S. J. Marlay, P. 
Channa, S. Mahood, S. Sitha, P. Prathna. 
2019. Fishery data collection using a user-
based approach along the Sre Ambel River, 
Cambodia. Cambodian Journal of Natural 
History 1:7-23. 

NEAL, J. W., Z. S. Moran, B. M. Haley. 
2020. Hurricane Maria in Puerto Rico: 
Efects on reservoir habitat, community 
structure, and resilience. Journal of the 
Southeastern Association of Fish and 
Wildlife Agencies 7:123-133. 

NICHOLAS, D. D., A. L. Rowlen, D. Milsted. 
2020. Efect of concrete on the pH and 
susceptibility of treated pine to decay by 
Brown-rot fungi. Forests 11(1):41. 

Ning, Z., C. SUN. 2019. Carbon sequestration 
and biofuel production on forestland under 
three stochastic prices. Forest Policy and 
Economics 109(1):1-11. 

OWENS, F. C., R. D. SEALE, R. SHMULSKY. 
2020. Strength and stifness of 8-inch deep 
mixed hardwood composite timber mats. 
BioResources 15(2):2495-2500. 

OWENS, F. C., S. P. Verrill, R. SHMULSKY, 
R. J. Ross. 2020. Distributions of MOE and 
MOR in eight mill-run lumber populations 
(four mills at two times). Wood and Fiber 
Science 52(2):165-177. 

Palumbo, M. D., F. J. VILELLA, G. WANG, B. 
K. STRICKLAND, D. Godwin, P. G. Dixon, 
B. D. Rubin, M. A. Lashley. 2019. Latitude 
and daily-weather efects on gobbling 
activity of wild turkeys in Mississippi. 
International Journal of Biometeorology 
63(8):1059-1067. 

Pandya, T., M. Dave, J. T. STREET, C. Blake, 
B. Mitchell. 2019. High strain rate response 
of bio-composites using split Hopkinson 
pressure bar and digital image correlation 
technique. International Wood Products 
Journal 10(1):22-30. 

Paolini, K. E., B. K. STRICKLAND, J. L. 
Tegt, K. C. VerCauteren, G. M. STREET. 
2019. Te habitat functional response links 
seasonal third-order selection to second-
order landscape characteristics. Ecology 
and Evolution 9(8):4683-4691. 

Parajuli, R., T. E. MCCONNELL, S. M. Tanger, 
J. E. Henderson. 2019. Interpreting forestry 
economic contribution reports: A user’s 
guide. Journal of Extension 57(4). 

Pfeifer, M., R. B. IGLAY, T. Seamans, B. F. 
Blackwell, T. L. DeVault. 2020. Deciphering 
interactions between white-tailed deer 
and approaching vehicles. Transportation 
Research Part D: Transport and Environment 
79:102251. 

2020 ANNUAL REPORT 49 



 

  
 

 

 

 
 

 
 

 
 

 
 
 
 

  
 
 
 
 
 

 
 
 
 

 

 
 
 

  
 

 
 

 
 

 

 
  

 
 

 

 
 

 
 
 

 

 

 

 
 
 
 
 

 
 

 

 

 
 

 
 
 
 

 

 
 

 

 
    

 
 
 

PUBLICATIONS 

Pokharel, R., R. K. GRALA, D. GREBNER, W. 
H. Cooke. 2019. Mill willingness to utilize 
logging residues to produce electricity: A 
spatial logistic regression approach. Forest 
Science 65(3):277-288. 

Pokharel, R., R. K. GRALA, G. S. Latta, 
D. GREBNER, S. C. GRADO, J. POUDEL. 
2019. Availability of logging residues and 
likelihood of their utilization for electricity 
production in the US South. Journal of 
Forestry 117(6):543-559. 

POUDEL, K. P., R. Özçelik, H. Yavuz. 
2020. Diferences in stem taper of black 
alder (Alnus glutinosa subsp. barbata) by 
origin. Canadian Journal of Forest Research 
50(6):581-588. 

Qi, Y., L. Shen, J. ZHANG, J. Yao, R. Lu, 
T. Miyakoshi. 2019. Species and release 
characteristics of VOCs in furniture 
coating process. Environmental Pollution 
245:810-819. 

Ren, W., K. Banger, B. Tao, J. YANG, Y. 
Huang, H. Tian. 2020. Global pattern 
and change of cropland soil organic 
carbon during 1901-2010: Roles of climate, 
atmospheric chemistry, land use and 
management. Geography and Sustainability 
1(1):59-69. 

RENNINGER, H. J., T. Durbin, Z. Kassahun, 
A. Gentry. 2020. Relationships between leaf 
anatomy and physiological functioning of 
southern US oak species difering in food 
tolerance. Forests 11(1). 

Rhoades, C. A., P. J. ALLEN, D. T. King. 
2019. Using unmanned aerial vehicles for 
bird harassment on fsh ponds. Pages 13-23 
In J. B. Armstrong and G. R. Gallagher 
(Eds.), Proceedings of the 18th Wildlife 
Damage Management Conference. 

Richardson, B. M., M. J. Grifn, M. COLVIN, 
D. J. WISE, C. Ware, C. C. MISCHKE, T. E. 
GREENWAY, T. S. Byars, L. A. Hanson, 
M. L. Lawrence. 2020. Using quantitative 
polymerase chain reaction (qPCR) and 
occupancy models to estimate atypical 
Aeromonas hydrophila (aAh) prevalence 
in catfsh. Aquaculture 530:735687. 

Roche, J. W., Q. MA, J. Rungee, R. C. Bales. 
2020. Evapotranspiration mapping for 
forest management in California’s Sierra 
Nevada. Frontiers in Forests and Global 
Change 3:69. 

Santos-Rivera, M., L. Johnson-Ulrich, 
K. A. Graham, E. Willis, A. J. KOUBA, 
C. Vance. 2019. Assessment of fecal near 
infrared refectance spectroscopy (FNIRS) 
to detect and monitor the reproductive 
status of endangered Amur and Snow 
leopard females. Reproduction, Fertility 
and Development 31(1):179. 

Schumann, D. A., M. COLVIN, L. MIRANDA, 
D. T. Jones-Farrand. 2020. Occurrence and 
co-occurrence patterns of gar in river-
foodplain habitats: Methods to leverage 
species co-existence to beneft distributional 
models. North American Journal of 
Fisheries Management 40(3):622-637. 

Schummer, M. L., A. M. Smith, R. M. 
Kaminski, K. M. HUNT, E. St. James, H. 
Havens. 2019. Achievement-oriented efects 
on waterfowl hunt quality at Mississippi 
Wildlife Management Areas. Journal of 
the Southeastern Association of Fish and 
Wildlife Agencies 6:129-135. 

Schummer, M. L., J. Simpson, J. B. DAVIS, 
B. Shirkey, K. E. Wallen. 2020. Balancing 
waterfowl hunting opportunity and quality 
to recruit, retain, and reactivate. Wildlife 
Society Bulletin 44(2):391-395. 

Scouse, A., R. Vendiiti, S. Kelley, T. E. 
MCCONNELL. 2020. Evaluating sustainable 
product alternatives by combining life cycle 
assessment with full-cost accounting: A 
highway guardrail case study. BioResources 
15(4):9103-9127. 

Senalik, C., F. FRANCA, R. D. SEALE, R. J. 
Ross, R. SHMULSKY. 2020. Grading lumber 
with acoustic-based technologies Part 1: 
modeling acoustic (stress) wave behavior 
in clear wood and lumber. Wood and Fiber 
Science 52(4):380-389. 

Senalik, C., F. FRANCA, R. D. SEALE, R. J. 
Ross, R. SHMULSKY. 2020. Grading lumber 
with acoustic-based technologies Part 2: 
Ultimate tension stress estimation from 
time- and frequency-domain parameters. 
Wood and Fiber Science 52(4):390-399. 

Shah, A. J., T. S. Pandya, J. T. STREET. 2020. 
Study of variation in natural frequencies of 
bio-composites due to structural damage. 
International Wood Products Journal 
2020:1-7. 

Shamaskin, A., S. Samiappan, J. Liu, 
J. Roberts, A. C. Linhoss, K. EVANS. 
2019. Multi-attribute ecological and 
socioeconomic geospatial data layer for 
the Gulf of Mexico coastal region of the 
United States. Data 5(3). 

Shartau, R. B., D. W. Baker, T. S. Harter, 
D. L. Aboagye, P. J. ALLEN, A. L. Val, D. 
A. Crossley, Z. F. Kohl, M. S. Hedrick, 
C. Damsgaard, C. J. Brauner. 2020. 
Preferential intracellular pH regulation 
is a common trait amongst fshes exposed 
to high environmental CO2. Journal of 
Experimental Biology 223. 

50 FOREST & WILDLIFE RESEARCH CENTER 



  

  

 
 

 
 
 
 

 
 
 

 
 

 

 
 

    

 

 
 
 
 

 

 
 
 
 
 

   
 

 
 
 
 

 
 
 
 

 
 
 

 

 
 

 

 

 

 
 
 
 

 
 

 
 
 

 

 
 
 

 
 
 
 
 

 

 
 

 

 
 

 
 
 
 

 

Shaw, S., J. Beslity, M. COLVIN. 2019. Working 
toward a more holistic set of hydrologic 
principles to teach non-hydrologists: Five 
simple concepts within catchment hydrology. 
Hydrological Processes 33:2258-2262. 

SHMULSKY, R., L. M. Spinelli Correa, 
R. J. Ross, B. Farber. 2020. Ductility 
and brittleness in small clear notched 
S-P-F beams. Wood and Fiber Science 
52(2):230-236. 

Shrestha, P., C. SUN. 2019. Carbon emission 
fow and transfer through international 
trade of forest products. Forest Science 
65(4):439-451. 

SIEGERT, C. M., K. E. Limpert, N. A. Drotar, 
M. L. Siegle-Gaither, M. Burton, J. A. 
Lowery, H. D. ALEXANDER.2020. Efects 
of canopy structure on water: Implications 
for changing forest composition. In D. C. 
Bragg, N. E. Koerth, A. G. Holley (Eds.), 
Proceedings of the 20th Biennial Southern 
Silvicultural Research Conference, e–Gen. 
Tech. Rep. SRS-253:338. 

SIEGERT, C. M., N. A. Drotar, H. D. 
ALEXANDER. 2019. Spatial and temporal 
variability of throughfall among oak and 
co-occurring non-oak tree species in an 
upland hardwood forest. Geosciences 
9(10):405. 

Stewart, H. A., D. L. Aboagye, S. W. Ramee, 
P. J. ALLEN. 2019. Efects of acute thermal 
stress on acid-base regulation, haematology, 
ion-osmoregulation and aerobic metabolism 
in Channel Catfsh (Ictalurus punctatus). 
Aquaculture Research 50:2133-2141. 

Stout, K., I. Montague, R. SHMULSKY. 
2020. Millennial generation perceptions 
surrounding the wood products industry. 
BioProducts Business 5(3):25-36. 

STRICKLAND, B. K., G. Dixon, P. Jones, 
S. DEMARAIS, N. Owen, D. Cox, K. 
Landry-Guyton, W. M. Baldwin, W. T. 
McKinley. 2020. Cohort antler size signals 
environmental stress in a moderate climate. 
International Journal of Biometeorology 
64:611-621. 

STRICKLAND, B. K., M. D. Smith, A. L. 
Smith. 2020. Wild Pig Damage to Resources. 
In: K. C. VerCauteren, J. C. Beasley, S. C. 
Ditchkof, J. J. Mayer, G. J. Rolof, B. K. 
Strickland (eds.), Invasive Wild Pigs in 
North America: Ecology, Impacts, and 
Management. CRC Press, Boca Raton, 
Florida. 

Su, Y., T. Hu, Y. Wang, Y. Li, J. Dai, H. Liu, 
S. Jin, Q. MA, J. Wu, L. Liu, J. Fang, Q. Guo. 
2020. Large-scale geographical variations 
and climatic controls on crown architecture 
traits. Journal of Geophysical Research: 
Biogeosciences 125(2):e2019JG005306. 

SUN, C., J. M. Daniels, K. C. Marcille. 2020. 
Common integrating factor in sofwood log 
exports from the United States. Canadian 
Journal of Forest Research 50(5):447-456. 

Tao, B., Y. Yang, J. YANG, R. Smith, J. Fox, 
A. C. Ruane, J. Liu, W. Ren. 2020. Recent 
shrinkage and fragmentation of bluegrass 
landscape in Kentucky. Remote Sensing 
12(11):1815. 

Tao, X., Y. Wu, W. Xu, X. Zhan, J. ZHANG. 
2019. Preparation and characterization of 
heating foor impregnated by graphene/ 
phenol-formaldehyde resin. Journal of 
Forestry Engineering 4(5):167-173. 

Tomas, H. J. D., A. D. Bjorkman, I. H. 
Myers-Smith, S. C. Elmendorf, J. Kattge, 
S. Diaz, M. Vellend, D. Blok, J. H. C. 
Cornelissen, B. C. Forbes, G. H. R. Henry, 
R. D. Hollister, S. Normand, J. S. Prevéy, C. 
Rixen, G. Schaepman-Strub, M. Wilmking, 
S. Wipf, W. K. Cornwell, P. S. A. Beck, D. 
Georges, S. J. Goetz, K. C. Guay, N. Rüger, 
N. A. Soudzilovskaia, M. J. Spasojevic, J. M. 
Alatalo, H. D. ALEXANDER, A. Anadon-
Rosell, S. Angers-Blondin, M. te Beest, L. T. 
Berner, R. G. Björk, A. Buchwal, A. Buras, 
M. Carbognani, K. S. Christie, L. S. Collier, 
E. J. Cooper, B. Elberling, A. Eskelinen, E. 
R. Frei, O. Grau, P. Grogan, M. Hallinger, 
M. M. P. D. Heijmans, L. Hermanutz, J. M. 
G. Hudson, J. F. Johnstone, K. Hülber, M. 
Iturrate-Garcia, C. M. Iversen, F. Jaroszynska, 
E. Kaarlejarvi, A. Kulonen, L. J. Lamarque, 
T. C. Lantz, E. Lévesque, C. J. Little, A. 
Michelsen, A. Milbau, J. Nabe-Nielsen, S. 
S. Nielsen, J. M. Ninot, S. F. Oberbauer, J. 
Olofsson, V. G. Onipchenko, A. Petraglia, 
S. B. Rumpf, R. Shetti, J. D. M. Speed, K. N. 
Suding, K. D. Tape, M. Tomaselli, A. J. Trant, 
U. A. Treier, M. Tremblay, S. E. Venn, T. 
Vowles, S. Weijers, P. A. Wookey, T. J. Zamin, 
M. Bahn, B. Blonder, P. M. van Bodegom, 
B. Bond-Lamberty, G. Campetella, B. E. L. 
Cerabolini, F. S. Chapin III, J. M. Craine, 
M. Dainese, W. A. Green, S. Jansen, M. 
Kleyer, P. Manning, Ü. Niinemets, Y. Onoda, 
W. A. Ozinga, J. Peñuelas, P. Poschlod, P. 
B. Reich, B. Sandel, B. S. Schamp, S. N. 
Sheremetiev, F. T. de Vries. 2020. Global 
plant trait relationships extend to the 
climatic extremes of the tundra biome. 
Nature Communications 11:1351. 

Tian, H., R. Xu, S. Pan, Y. Yao, Z. Bian, 
W.-J. Cai, C. S. Hopkinson, D. Justic, S. 
Lohrenz, C. Lu, J. YANG. 2020. Long-term 
trajectory of nitrogen loading and delivery 
from Mississippi River basin to the Gulf 
of Mexico. Global Biogeochemical Cycles 
34(5):e2019GB006475. 

2020 ANNUAL REPORT 51 



 

 
 

 
  

 
 

 
 

 

 

 
 

 
 

 

 

 
 

 

 
 
 

 
 
 
 

 

 

   
 

 

 
 

 
 

 

 

 
 
 

 
 
 
 

  

 
  

 
 

  

 
 
 

  
 

 
 
 

 
 
 
 
 

 
 

 

 
 
 

 
 
 

 
 

 

PUBLICATIONS 

Tor, O., X. Yu, S. Demirel, L. Hu, J. ZHANG. 
2019. Factors afecting critical screw-driving 
torques in particleboard. BioResources 
14(3):6645-6656. 

Turkot, C. G., R. D. SEALE, E. D. Entsminger, 
F. FRANCA, R. SHMULSKY. 2020. 
Nondestructive evaluation of red oak 
and white oak species. Forest Products 
Journal 70(3):370-377. 

VerCauteren, K. C., J. C. Beasley, S. S. 
Ditchkof, J. J. Mayer, G. J. Rolof, B. K. 
STRICKLAND (Eds.). 2020. Invasive Wild 
Pigs in North America: Ecology, Impacts, 
and Management. CRC Press, Boca Raton, 
Florida. 

VerCauteren, K. C., J. J. Mayer, J. C. Beasley, S. 
S. Ditchkof, G. J. Rolof, B. K. STRICKLAND. 
2020. Introduction. In: K. C. VerCauteren, 
J. C. Beasley, S. C. Ditchkof, J. J. Mayer, G. 
J. Rolof, B. K. Strickland (eds.), Invasive 
Wild Pigs in North America: Ecology, 
Impacts, and Management. CRC Press, 
Boca Raton, Florida. 

Verrill, S. P., F. OWENS, D. E. Kretschmann, 
R. SHMULSKY, L. S. Brown. 2019. Visual 
and MSR grades of lumber are not 
2-parameter Weibulls and why it matters 
(with a discussion of censored data ftting). 
USDA Forest Service Forest Products 
Laboratory Research Paper FPL-RP-7030. 

Veum, L. M., S. A. RUSH, B. Dorr, K. 
Hanson-Dorr, R. J. Moore. 2019. Data of 
soil, vegetation and bird species found 
on Double-crested Cormorant colonies 
in the southeastern United States. Data 
in Brief 104726. 

VILELLA, F. J., J. A. Cruz-Burgos, R. M. 
Kaminski, H. R. Murkin, J. B. DAVIS, S. L. 
Weitzel, F. Vizcarra. 2020. Avian community 
response to vegetation and water level 
management in restored wetlands at the 
Humacao Nature Reserve, Puerto Rico. 
Caribbean Naturalist 72:1-21. 

Vilizzi, L., G. H. Copp, B. Adamovich, D. 
Almeida, J. Chan, P. I. Davison, S. Dembski, 
F. G. Ekmekci, A. Ferincz, S. C. Forneck, 
J. E. Hill, J. Kim, N. Koutsikos, R. S. E. 
W. Leuven, S. A. Luna, F. Magalhaes, S. 
M. Marr, R. Mendoza, C. F. Mourao, J. 
W. NEAL, N. Onikura, C. Perdikaris, M. 
Piria, N. Poulet, R. Puntila, I. L. Range, P. 
Simonovic, F. Ribeiro, A. S. Tarkan, D. F. 
A. Troca, L. Vardakas, H. Verreycken, L. 
Vintsek, O. L. F. Weyl, D. C. J. Yeo, Y. Zeng. 
2019. A global review and meta-analysis 
of applications of the fsh invasiveness 
screening kit. Reviews in Fish Biology 
and Fisheries 29:529-568. 

WANG, G., L. McClintic, J. Taylor. 2019. 
Habitat selection by American beaver at 
multiple spatial scales. Animal Biotelemetry 
7, 10. 

Woodyard, E. T., W. A. Baumgartner, T. G. 
Rosser, E. M. Bodin, A. M. Ferrara, T. W. Noto, 
L. M. Ford, S. A. RUSH. 2019. Morphological, 
molecular, and histopathological data for 
Sebekia mississippiensis Overstreet, Self, and 
Vliet, 1985 (Pentastomida: Sebekidae) in the 
American alligator Alligator mississippiensis 
Daudin, and the spotted gar, Lepisosteus 
oculatus Winchell. Journal of Parasitology 
105:283-298. 

Woodyard, E. T., S. A. RUSH, T. G. Rosser. 
2019. Redescription of Eimeria megabubonis 
Upton, Campbell, Weigel & McKown, 1990 
(Apicomplexa: Emeriidae) from the great 
horned owl Bubo virginianus (Gmelin). 
Systematic Parasitology 96(7):585-594. 

Woodyard, E., W. A. Baumgartner, S. 
A. RUSH, T. G. Rosser. 2020. Pathology 
associated with Odhneriotrema 
incommodum infection in wild-caught 
American Alligator Alligator mississippiensis 
and potential immediate snail hosts. Acta 
Parasitologica 65:144-150. 

Wu, J., Y. Wu, F. Yang, C. Tang, Q. Huang, 
J. ZHANG. 2019. Impact of delignifcation 
on morphological, optical and mechanical 
properties of transparent wood. Composites 
Part A 117:324-331. 

Wu, Y., X. Wu, T. Shi, H. Chen, H. Wang, M. 
Sun, J. ZHANG. 2019. Te microstructure 
and mechanical properties of poplar 
catkin fbers evaluated by atomic force 
microscope (AFM) and nanoindentation. 
Forests 10(11):938. 

Xia, H., J. Zhao, Y. Qin, J. YANG, Y. Cui, 
H. Song, L. Ma, N. Jin, Q. Meng. 2019. 
Changes in water surface area during 
1989–2017 in the Huai River Basin using 
landsat data and Google Earth engine. 
Remote Sensing 11(15):1824. 

Xu, W., X. Fang, J. Han, Z. Wu, J. ZHANG. 
2020. Efect of coating thickness on sound 
absorption prop-erty of four wood species 
commonly used for piano soundboards. 
Wood and Fiber Science 52(1):28-43. 

Yan, Q., J. Li, X. Zhang, J. ZHANG, Z. Cai. 
2019. Mass production of graphene materials 
from solid carbon sources using a molecular 
cracking and welding method. Journal 
of Materials Chemistry A 7:13978-13985. 

Yang, F., C. Lan, H. Zhang, J. Guan, F. 
Zhang, B. Fei, J. ZHANG. 2019. Study 
on graphene/CNC-coated bamboo pulp 
fabric preparation of fabrics with thermal 
conductivity. Polymers 11(8):1265. 

52 FOREST & WILDLIFE RESEARCH CENTER 



  

 
 
 
 
 

 

 
 
 

  
 
 
 

 

 

 

 

 

 
 

 
 
 
 

 

 
 
 

 
 

 
 
 

 
 
 
 

 

 

 
 

 
 
 
 

 
 
 

 
 
 

  
 
 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 

Yang, F., Y. Wu, S. Zhang, H. Zhang, S. 
Zhao, J. ZHANG, B. Fei. 2020. Mechanical 
and thermal properties of waterborne 
polyurethane coating modifed through 
one-step cellulose nanocrystals/graphene 
ma-terials sols method. Coatings 10(1):40. 

YANG, J., B. Tao, H. Shi, Y. Ouyang, S. 
Pan, W. Ren, C. Lu. 2020. Integration of 
remote sensing, county-level census, and 
machine learning for century-long regional 
cropland distribution data reconstruction. 
International Journal of Applied Earth 
Observation and Geoinformation 91:102151. 

Yang, X., Y. Zhao, G. M. STREET, Y. Huang. 
2019. Classifcation of broiler behaviors 
using triaxial accelerometer and machine 
learning. 2019 International Symposium on 
Animal Environment and Welfare 317-325. 

Youngmann, J. L., R. W. DeYoung, S. 
DEMARAIS, B. K. STRICKLAND, G. Jenkins. 
2020. Genetic characteris-tics of restored 
elk populations in Kentucky. Journal of 
Wildlife Management 84(3):515-523. 

Yu, X., C. Chen, S. Demirel, J. ZHANG. 
2019. Static lateral load resistance of parallel 
bamboo strand panel-to-metal single-
bolt connections – Part 2: Fracture model. 
BioResources 14(3):5747-5763. 

Yue, X., H. Liao, H. Wang, T. Zhang, N. Unger, 
S. Sitch, Z. Feng, J. YANG. 2020. Pathway 
dependence of ecosystem responses in 
China to 1.5°C global warming. Atmospheric 
Chemistry and Physics 20:2353-2366. 

Zhang, L., S. T. Willard, H. Zhao, Q. Wang, 
W. Jiang, H.-X. Zhang, A. J. KOUBA. 2019. 
Spatial distribution and seasonal movement 
patterns of reintroduced Chinese giant 
salamanders. BMC Zoology 4:7. 

Zhang, X., Y. KIM, I. Elsayed, M. Taylor, T. 
Eberhardt, E. B. M. HASSAN, R. SHMULSKY. 
2019. Rigid polyurethane foams containing 
lignin oxyalkylated with ethylene carbonate 
and polyethylene glycol. Industrial Crops 
and Products 141:111797. 

Zhang, X., C. SUN, J. Gordon, I. A. MUNN. 
2020. Determinants of temporary trade 
barriers in global forest products industry. 
Sustainability 12(9):3839. 

Zou, Y., Y. Wang, Y. Qian, H. Tian, J. YANG, 
E. Alvarado. 2020. Using CESM-RESFire 
to understand climate–fre–ecosystem 
interactions and the implications for decadal 
climate variability. Atmospheric Chemistry 
and Physics 20:995-1020. 

THESES 

Almond, C. 2020. Fine-scale movements and 
habitat selection of eastern wild turkeys in 
Mississippi. Tesis, Department of Wildlife, 
Fisheries and Aquaculture, Mississippi 
State University. 

Chance, A. 2019. Spatial responses of adult 
male white-tailed (Odocoileus virginianus) 
deer to hunting risk. Tesis, Department 
of Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

Christie, T. 2019. Predation risk of Double-
crested Cormorants (Phalacrocorax auritus) 
on commercial catfsh production in the 
Mississippi Delta. Tesis, Department 
of Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

Clements, S. 2019. Foraging ecology and 
depredation impact of scaup on commercial 
baitfsh and sportfsh farms in eastern 
Arkansas. Tesis, Department of Wildlife, 
Fisheries and Aquaculture, Mississippi 
State University. 

Cosovic, B. 2020. Mechanical properties 
of a layered wood-based composite panel 
with embedded cross-laminations. Tesis, 
Department of Sustainable Bioproducts, 
Mississippi State University. 

Drotar, N. 2020. Efects of tree morphology 
on rainwater partitioning in an upland 
oak forest. Tesis, Department of Forestry, 
Mississippi State University. 

Firth, D. 2019. Faunal assemblages associated 
with living shorelines and implications for 
high-wave energy ecosystems. Tesis, 
Department of Wildlife, Fisheries and 
Aquaculture, Mississippi State University. 

Gentry, A. 2020. Comparing survival and 
growth among three diferent planting 
stocks of water oak (Quercus nigra) and 
white oak (Quercus alba) on lands damaged 
by Hurricane Katrina. Tesis, Department 
of Forestry, Mississippi State University. 

Grecca Turkot, C. 2019. Preliminary 
characterization of physical and mechanical 
properties of species used in staircase 
manufactures. Tesis, Department of 
Sustainable Bioproducts, Mississippi State 
University. 

Grifn, W. 2020. Te construction and 
use of an economic model for prospective 
forest products manufacturing facilities 
in Mississippi. Tesis, Department of 
Sustainable Bioproducts, Mississippi State 
University. 

2020 ANNUAL REPORT 53 



 

  
 
 

 
 
 
 

 

 
 

 
 
 
 
 

 
 
 
 

 
 
 
 

 

 

 
 
 
 
 

 
 
 
 

 

 

 
 
 
 

 
 
 

 

 
 

 
 
 
 

 
 
 
 

 
  

 
 

 
 

 

PUBLICATIONS 

Gunn, M. 2020. Efects of the trematode 
Bolbophorus damnifcus on channel and 
hybrid catfsh. Tesis, Department of 
Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

Haley, B. 2019. Development of quality 
crappie fshing opportunities in Mississippi 
State Lakes. Tesis, Department of Wildlife, 
Fisheries and Aquaculture, Mississippi 
State University. 

Hann, D. 2020. Short-term movements and 
seasonal habitat suitability of Shovelnose 
Sturgeon in the lower Mississippi River. 
Tesis, Department of Wildlife, Fisheries and 
Aquaculture, Mississippi State University. 

McCrary, A. 2020. Assessing the 
environmental and educational value 
of an agricultural watershed restoration 
project in Mississippi. Tesis, Department 
of Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

McDaniel, J. K. 2019. Mesophication of 
upland oak forests: Impacts on fammability 
via changes in leaf litter and fuelbed traits. 
Tesis, Department of Forestry, Mississippi 
State University. 

McGinnis, J. 2020. Evaluation of the 
durability of mass timber products against 
termites (Reticulitermes spp.) using choice 
testing. Tesis, Department of Sustainable 
Bioproducts, Mississippi State University. 

Norris, D. 2020. To plant or not to plant? 
A decision support tool to minimize risk 
associated with water level uncertainty 
in reservoir habitat management. Tesis, 
Department of Wildlife, Fisheries and 
Aquaculture, Mississippi State University. 

Spinelli Correa, L. M. 2019. Structural 
performance of staircase post connection 
systems under monotonic and reversed 
cyclic static loads. Tesis, Department 
of Sustainable Bioproducts, Mississippi 
State University. 

Tripathi, S. 2019. Mechanical properties 
of cross-laminated timber (CLT) panels 
composed of treated dimensional lumber. 
Thesis, Department of Sustainable 
Bioproducts, Mississippi State University. 

Uzcategui, M. C. 2020. Properties of 
four domestic hardwood species. Tesis, 
Department of Sustainable Bioproducts, 
Mississippi State University. 

DISSERTATIONS 

Adhikari, R. 2020. An evaluation of 
environmental concerns and private 
land conservation programs. Dissertation, 
Department of Forestry, Mississippi State 
University. 

Anusha, S. 2020. Implementation of fuel 
reduction treatments on nonindustrial 
private forests in Mississippi. Dissertation, 
Department of Forestry, Mississippi State 
University. 

Baruzzi, C. 2019. Understanding the 
efects of mass mortality events on plant 
communities and consumer behavior. 
Dissertation, Department of Forestry, 
Mississippi State University. 

Bobadilha, G. D. S. 2020. Evaluation 
of coatings used for prolonging the 
durability of cross-laminated timber 
against weathering and wood decay fungi. 
Dissertation, Department of Sustainable 
Bioproducts, Mississippi State University. 

Burr, P. C. 2019. Longitudinal evaluation 
of habitat use and foraging ecology of 
piscivorous avian species wintering in the 
Mississippi Delta. Dissertation, Department 
of Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

Westlake, S. 2019. Attributes afecting 
adoption of pollinator conservation 
practices. Dissertation, Department 
of Wildlife, Fisheries and Aquaculture, 
Mississippi State University. 

Yang, S. 2019. Distribution and spread 
mechanisms of Chinese tallow (Triadica 
sebifera) at multiple spatial scales within 
forests in the southeastern United States. 
Dissertation, Department of Forestry, 
Mississippi State University. 

54 FOREST & WILDLIFE RESEARCH CENTER 



  

 
 

 
 

 
 

FORESTRY & 
FOREST PRODUCTS 
IN MISSISSIPPI 
2018 DATA 

JOBS (FULL AND PART-TIME) 

61,619 
PAYROLL 

$2.96BILLION 

VALUE-ADDED 

$4.99 BILLION 

TOTAL OUTPUT 

$13.12 BILLION 

TAX REVENUE 

$925.73MILLION 

TOTAL FORESTLAND ACRES 

19,244,571 
PRIVATE 
OWNERSHIP 
ACRES 

17,080,876 

PUBLIC 
OWNERSHIP 
ACRES 

2,163,692 

Based on data generated by Dr. Shaun M. Tanger, forestry assistant extension professor, and Mr. Marc Measells, senior forestry extension associate. 
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BY THE 

NUMBERS 

PEOPLE 

74 
Master’s students (Fall 2019) 

43 
Doctoral students (Fall 2019) 

49 
Faculty (FY20) 

RESEARCH PROJECTS 

255 
Projects Active (FY20) 

68 
Research Sponsors (FY20) 

116 
Refereed Publications (FY20) 

$8,025,478 
Total Sponsored Research Funding (FY20) 

RESEARCH SPONSORS 

Alabama Audubon/National Audubon Society 

Alabama Department of Conservation and Natural 
Resources 

Alabama Division of Wildlife and Freshwater Fisheries 

Alternative Fuel Solutions 

Anthony Timberlands 

Arch Wood Protection Inc. 

Barnett 

BASF Corp. 

Bauhaus Furniture Group 

Benton County Board of Supervisors 

Cargill Inc. 

Cate Street Capital Inc. 

Cooperative Ecosystems Studies Units 

Cotton Bayou Marina Inc. 

Delta Farm 

Dow AgroSciences LLC 

Drax Biomass International Inc. 

Ducks Unlimited Inc. 

DuPont de Nemours Inc. 

Eastman Chemical Company 

EnSafe Inc. 

Flexsteel Industries Inc. 

Forest Products Society 

Forrest County Board of Supervisors 

TOTAL FWRC FUNDING, FY20 

39.35% STATE APPROPRIATIONS 

06.19% FEDERAL APPROPRIATIONS $14.74M 54.46% GRANTS AND CONTRACTS 
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 FuturaGene Ltd. 

Genics Inc. 

Greene County Board of Supervisors 

GS Research LLC 

Gulf Coast Ecosystem Restoration Council 

INtegriCo Composites of Louisiana LLC. 

Jeld-Wen Inc. 

JL International Inc. 

Joint Fire Science Program 

KMG Chemicals inc. 

KMB-Bernuth Inc. 

Koch Carbon LLC 

Kop-Coat Inc. 

Koppers Holdings Inc. 

KTM Industries Inc. 

Lanxess Corp. 

Lignotech USA Inc. 

Lonza Wood Protection 

Mebahiah Inc. 

Meridian Airport Authority 

Mississippi Department of Wildlife, Fisheries, 
and Parks 

Mississippi Environmental Educational Alliance 

Mississippi Forestry Association 

Mississippi Forestry Association Foundation 

Mississippi Implementation Committee for the 
Sustainable Forestry Initiative 

Mississippi Land, Water and Timber 
Resources Board 

Mississippi Lignite Mining Company 

Mississippi Tree Farm Committee 

Mississippi Wildlife, Fisheries, and Parks 
Foundation 

Nano-TEK LLC. 

National Council for Air and Stream 
Improvement Inc. 

National Fish and Wildlife Foundation 

National Science Foundation 

National Wild Turkey Federation 

Nisus Corp 

Northstar Tonewoods Ltd. 

NTA Inc. 

Oregon State University 

Penta Task Force 

Puerto Rico Department of Natural and 
Environmental Resource 

Quality Mat Company 

Railway Tie Association 

Reservoir Fisheries Habitat Partnership 

Scott County Board of Supervisors 

Siberian Branch of Russian Academy of Sciences 

Signature Systems Corporation 

Sofamaster LLC 

Southern Ionics Inc. 

Stein Fibers LTD 

Structurlam Mass Timber Corp. 

Sustainable Forestry Initiative, Incorporated 

Temple-Inland Inc. 

Tennessee Valley Authority 

Tennessee Wildlife Resources Foundation 

The Eppley Foundation for Research 

The National Academies of Sciences, Engineering 
and Medicine 

The Nature Conservancy 

The Nemours Wildlife Foundation 

The University of Maine 

Timber Products Co. 

Timber Products Inspection Inc. 

Trinity Green Derivative Products LLC 

Troy Chemical Company 

United Furniture Industries 

University of Arkansas at Pine Bluff 

University of Georgia 

U.S. Army Corps of Engineers 

U.S. Department of Defense 

U.S. Department of the Interior 

U.S. Department of the Interior Bureau of Land 
Management 

U.S. Department of the Treasury 

U.S. Endowment for Forestry & Communities, Inc 

U. S. Environmental Protection Agency 

U.S. Fish and Wildlife Service 

U.S. Geological Survey 

U.S.D.A. Farm Service Agency 

U.S.D.A. Agricultural Research Service 

U.S.D.A. Animal & Plant Health Inspection Service 

U.S.D.A. APHIS National Wildlife Research Center 

U.S.D.A. Forest Products Laboratory 

U.S.D.A. Forest Service 

U.S.D.A. National Institute of Food and Agriculture 

U.S.D.A. Natural Resources Conservation Service 

Utility Asset Management Inc. 

Viance, LLC 

Vienna Christmas Design 

Walton Family Foundation 

Washington State University 

Waste Revelation 

Weyerhaeuser NR Company 



Mississippi State University is an equal opportunity institution. Discrimination in university employment, programs 
or activities based on race, color, ethnicity, sex, pregnancy, religion, national origin, disability, age, sexual orien-
tation, gender identity, genetic information, status as a U.S. veteran, or any other status protected by applicable 
law is prohibited. Questions about equal opportunity programs or compliance should be directed to the Office 
of Compliance and Integrity, 56 Morgan Street, P.O. 6044, Mississippi State, MS 39762, (662) 325-5839. 
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