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What's this CHANGES program anyway?

The Grand Bay National Estuarine Research Reserve (GNDNERR) is home to wetland pine
savannas which require constant application of management, monitoring, and restoration. Without
regular wildfires, wetland pine savannas have become overgrown and invaded by exotic plants.
This suppresses their biodiversity and suitability for native species. Through the employment of
management practices, the GNDNERR seeks to restore functions to these unique ecosystems.

This project, Conceptualizing Human Alteration and Natural Growth in Estuaries and
Savannas (CHANGES), will use these unique habitats and current management applications as a
platform to educate students about ecological processes and applicable restoration practices.
Students will be introduced to the GNDNERR savannas through immersive educational experiences.
Students will use research instruments to collect data and map invasive species using GPS and GIS
technology. Activities and simulations will familiarize students with restoration practices associated
with each environment. Students will observe and participate in monitoring processes from
experimental design planning and data collection, to data entry and manipulation. They will identify
differences between natural and anthropogenic change, discuss pros and cons of efforts to restore
the ecosystem to a previous functional state, and assess ecosystem responses to weigh the benefits

of each decision. In short, they will gain direct exposure to the realworld work of natural resource
managers at the GNDNERR.

This project is funded through The National Academies of Sciences, Engineering, Medicine Gulf Research

Program’s Capacity Building Grants.


http://www.nas.edu/gulf/grants/awards/capacity-building/index.htm

Lesson 1: What’s a pine savanna?

Concept Map

First, let's see what you think we’ll be learning about pine savannas! Using the word bank,
create a concept map. A concept map shows relationships between a number of concepts. Use the
word bank below to complete the map. The relationship between concepts should be shown with
a directional arrow that is clearly labeled. There can be more than one relationship between
concepts. *Hint: a concept map should not be linear! We have started a concept map for you with
the word “savanna.”

Word Bank:

fire monitoring restoration savanna structure succession

In a few sentences, explain what your concept map is showing.




Introduction

The pine savanna ecosystem is one of beauty. These ecosystems are fire-maintained
grasslands with scattered pines and shrubs and a sun-loving, species-rich understory. A layer of
clay found below the surface prevents the water from draining from these sites and results in wet,
acidic soils that are of poor nutritional quality. Although poor in soil quality, these habitats support
some of the highest diversities (as many as 40 different species per square meter) of grass, sedge
and wildflower species ever described in North America. Noteworthy are the large number of
endemic species such as carnivorous plants (those plants that are adapted to attract, capture and
digest prey such as insects and other small animals) including pitcher plants, sundews, bladderworts
and butterworts as well as the beautiful orchids and sunflowers (Grand Bay NERR, 2010).

These grassland habitats
are characterized by sparse
canopy cover, mostly longleaf |
pine, with an understory
dominated by grasses, mostly
wiregrass. These ecosystems
are shaped by fire. Succession
after a fire plays a major role in
maintaining these ecosystems.
Without fire, these ecosystems
could not exist. The Grand Bay
NERR and National Wildlife
Refuge contain some of the best
remaining examples of this
habitat type along the northern
Gulf of Mexico.

Figure 1. Pine savanna north of Grand Bay Coastal Resources Center. Photo by: Sandra Huynh

The longleaf pine ecosystem appeared about 5,000 years ago. After Native Americans
arrived at the Coastal Plain, they began applying early land management practices to this
ecosystem. They understood that fire was an important part in shaping the savanna. They set low
intensity fires to produce favorable hunting and agricultural lands.

1-1. Cultural History: Which Native American tribes do you think lived in the Grand Bay NERR all
those years ago?

1-2. How did you find out the information to back up your answer?




The longleaf pine savanna is perhaps the most endangered ecosystem in the United States.
Before the arrival of Europeans in the 1600s, these landscapes stretched from Virginia to Texas
and acquired some 90 million acres. Now, because of the economic value of the longleaf pine,
suppression of fire, and fragmentation, pine savannas comprise a mere 3 to 4 million acres of
the areas where they once stood.

< W

[ Presettlement range of longleaf
pine and transitional communities

[ Current extent of natural longleaf
pine stands older than 40 years

Figure 2. Historic and current (1998) extent of longleaf pine trees. Source: White et al., 1998.

1-3. Interpret the map: What does this map show you?

1-4. Why does it depict “pine stands older than 40 years”2 What's the significance of that age?




Structure- What makes up a pine savanna?

Perhaps you have studied the structure of a rainforest in the tropics and have heard of words
like “understory” and “canopy.” A pine savanna habitat also has those familiar characteristics. Pine
savanna plant species are adapted to survive in very wet, nutrient-poor soil conditions. These
hydric soils are a result of an underlying layer of clay that prevents water from draining from these
areas. The high water table from late Fall to early Spring can result in standing pools of water
that remain in the savanna for a majority of the year. These are referred to ephemeral ponds.

The pine savanna is a grassland habitat, meaning it is an ecosystem dominated by grasses.
Wiregrass (Aristida stricta) is the dominant species of ground cover. In the understory,
there is a large variety of herbaceous vegetation as well as a few shrub varieties. In fact, most of
the biodiversity occurs at this level, with anywhere from 150 to 300 species of understory
vegetation per acre. Another aspect of savanna structure is sparse canopy cover, where “sparse”
means that there is less than 50% cover (compared to a really dense canopy in a rainforest, for
example). In most cases it is much less than this. In a longleaf pine savanna, the canopy consists
mostly of longleaf pine (Pinus palustris). This long-lived pine species requires a lot of room to
grow, and being spaced apart contributes to the light canopy layer. All of these species are
important to this particular ecosystem especially when it comes to spreading fire, which is absolutely
critical in developing the pine savanna structure. Wiregrass is highly flammable, and with fallen
longleaf pine needles, they're perfect fuel for fire to be carried throughout the habitat.

Canopy

Midstory

Understory

Ephemeral

pond Ground cover

J;t( \[[L‘—'(/{."n,. ‘,/\_)

Figure 3. A simple sketch of a longleaf pine savanna system. Figure by: Sandra Huynh.



Function- What does a pine suvanna do?

Pine savannas have many ecosystem functions, but one of its primary functions is to serve
as habitat for numerous species. Habitats provide food, water, shelter, and viable mates for
reproduction. The high diversity of plants provides a large food source for many primary consumers,
in turn providing food for animals in higher trophic levels. The tall grasses create increased surface
area for shelter and protection.

Ecosystem Services

An ecosystem service is a benefit that humans get from a functioning ecosystem. These
can be natural resources that we consume like food and water, support natural cycles like the
nutrient cycle and primary production, help with regulating things like waste and pests, and provide
cultural services from spiritual to recreational, to education and therapy. At Grand Bay NERR, we
estimate that ecosystem services of upland habitats (17.6% of the Reserve) are valued at
$299,651.20 per year. The Grand Bay NERR has been a Reserve for 20 years, so calculate that
number! . Our estuarine habitats (82.1% of the Reserve) and their ecosystem
services are valved at $137,010,265.60 per year!

1-5. List some of the ecosystem services for a pine savanna below:

1-6. What might be some ecosystem services in other areas of the Grand Bay NERR, like the
estuary?

~ VA.JVU\

Figure 4. Ecosystem services. Figure by: WWF living Planet Report 2016
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Biodiversity- What lives in a pine savanna?

Biodiversity is the amount of different species of organisms in a specific area. Areas that
are closer to the equator tend to have higher levels of biodiversity. In other words, tropical areas
that stay warm yearround are high in biodiversity, whereas temperate regions have lower
biodiversity because they have fluctuations in their climates (e.g. warm summers and cold winters).
Areas with extreme conditions have the lowest biodiversities on the planet, such as deserts and
arctic regions.

Number of species
10 .1 m 2-3 M 4-6 M 7-10 B 11-15
1 16-20 1 21-30 1 31-40 M 41-60 B 61-144

Figure 5. This figure from Fisher (2018) shows that biodiversity tends to be higher at lower latitudes {towards the
equator). This map depicts the number of amphibian species around the world, but similar patterns of biodiversity
occurs with most plant and animal groups.

Ecosystems around the planet with the highest levels of biodiversity and high numbers of
endemic species (species that exists nowhere else on the planet) are considered “biodiversity
hotspots.” The pine savannas of the Coastal Plain are some of these areas.

Biodiversity is high in the savanna. As a matter of fact, when looking at the understory on
a small scale, pine savannas can contain more diversity in a square meter than a tropical rainforest.
Many savanna species are specialists and highly adapted to live there. Plants are adapted to either
withstand frequent fires or regenerate afterwards. Some even require fire at some point in their life
cycle. Plants must also be able to survive in extremely wet conditions as the pine savanna is
essentially a wetland.

Data and Observations Tip: As we venture into our field trips at Grand Bay NERR, you can observe
and note examples of different species you encounter in your field journaling or notes pages at the
end of this notebook.



Ecological Processes

If you're from the Gulf Coast area, you might be
familiar with natural processes like thunderstorms or
hurricanes, and associate them with natural hazards like
flooding and lightning strikes. Sometimes, these processes
actually benefit the environment like providing water to
places that have been dry or starting lightning fires in
ecosystems that need it.

Fire is an important ecological process for pine
savannas. It allows the pine savanna to remain healthy and =5 =550 —

. . . . igure 6. Fires that occur in pine savannas
maintain unique plant communities. These plant communities e fow infensity, fike in the photo on the
in turn support diverse species of wildlife. In a major way, Jleft. Prescribed fires, depicted on the right,
fire influences the natural environment here at the Reserve. mimic these low-intensity burns. Photos by:
Pine savannas require low intensity fires occurring every 2-5 Sandira Huynh
years to maintain its structure. This keeps the canopy open allowing sunlight to penetrate to the
understory. The plant communities there require full sunlight and are adapted to cope with fire, with
some of those species requiring it fo survive.

Fire is so important in the savanna ecosystem because it acts as the reset switch to
succession. Ecological succession is the natural process by which the structure of an ecosystem
changes over time. This begins with some sort of disturbance. In the case of the savanna it is fire.
The fire consumes any litter or dead plant material and mal-adapted woody vegetation or shade-
tolerant species that might be competing with savanna species. Fire also adds much needed
nutrients to the soil and stimulates germination of certain species, namely ones established in the
seed bank of the savanna. Fire interrupts and resets succession keeping the savanna from reaching
a climax stage.

Pioneer Sp;cies

0 years 1-2 years 3-4 years 5-150 years 150+ years

Figure 7. Secondary succession of a burned forest. Figure source: Encyclopedia Britannica, Inc. 2008.
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1-7. let's pause: We've talked a little bit about fire suppression, but what does that mean?

1-8. If fire is suppressed in an area, do you think it would burn at high intensity or low intensity?

Why?

Because of fire suppression and some other factors, the succession process is not always
reset. This allows encroachment from woody vegetation and shade-tolerant hardwoods, in time
transforming the savanna from grasslands to forests. Therefore, sometimes it is necessary to burn
certain areas in a controlled manner. Prescribed fires are excellent management tools and help
restore the pine savanna fo its natural state.

Day after | Few days Week

Unburned End of fire fire after fire after fire

Figure 8. Images from a prescribed burn and its timeline after a burn. Photos by: Sandra Huynh
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Thoughts for later

Prescribed burns require a lot of planning and
teamwork. Did you know that there are certain weather
conditions necessary for a prescribed burn2 Take a
moment fo do a quick search online to see if you can
find those conditions, and jot down why we would need
those conditions.

12




Lesson 2: Methods and Technology

Welcome to the Grand Bay NERR! We're excited to have you onsite today, and we have
a lot of activities to cover. Each component of today’s field trip will help inform your Day 5
Restoration Plan that you'll design and present with a group.

Today's activities will introduce you to monitoring, management, restoration practices, and
various impacts to the environment. We'll also explore some of the scientific instruments and
methods our scientists at the Grand Bay NERR use to manage and monitor our Reserve.

Here's what to expect today:

{1 Group work: Our scientists and resource managers hardly work alone to accomplish a
task, especially in the field where conditions could be extreme (very hot, in the
wilderness). We also work in groups to help each other carry equipment and help with
the data collection process. You will be working in small groups for the same reasons
our scientists do.

1 Handling equipment: Scientific equipment is meant to be durable, but they can also be
very expensive. While you're in the field, be sure to take good care of any equipment
you handle. When equipment is in good, working condition, you know that your data
is reliable.

{1 Outdoors: At some point today, you will be working outside. Make sure to wear proper
protfective gear like boots, sunscreen, and/or bug spray, or a jacket in case the weather
changes. We'll be doing a lot of walking, so be sure to watch where you're going and
follow a path if there is one to reduce disturbing the land.

1 Writing in your notebook: Scientists are always writing, whether they are quick notes
from observations, or writing down numbers or other types of data neatly so they can
read it later, or creating a more formal report or scientific paper to explain the work
they conducted and what it means to the scientific (and local) community. Keep your
notebooks and something to write with handy. We'll be referring to it quite often.

1 Information: Today will be packed with activities and information, and the best way for
everyone to learn is to participate and be actively involved in what's going on. Active
participation also means active listening! The way to succeed today is to pay attention
and become familiar with the concepts, technology, and how they work together to help
you do your best science.

13



Impacts Grid Activity

Environmental impacts come in a variety of forms, whether they are natural or
anthropogenic (human-influenced), or whether they are good or bad for the environment. For
this activity, we're going to explore some environmental impacts and see how you might classify
them on a grid.

First, we need a large area to create our grid and for us to be able to move around. A
“large area” maybe a courtyard or grassy spot at your school, or maybe the gym or classroom if
you move things around. At the Grand Bay NERR, we're going fo use the amphitheater outside by
the front door. In the middle of the amphitheater, we'll create a life-sized grid with two axes coming
together in the middle like a cross. On one axis, let's say the x-axis, we'll make a scale that goes
from “human” to “natural” for the type or source of the environmental impact. On the y-axis, we'll
make a scale that goes from “positive” to “negative.” Label these axes with a sign, so everyone
can remember which way to go.

2-1. Draw it out: Use this space to draw out the grid we’ll be creating in the amphitheater based
on the example above. *Hint: Think math classes.

Your class will start at the origin, or (0, O) on the grid. A moderator (who could be NERR
staff or maybe your teacher), will call out an “impact” and you have to move on the grid where you
think it falls. *Hint: Think for yourself! Even if your teacher is participating, don’t assume that he or
she is correct. In fact, some of these impacts don’t necessarily have a “right” or “wrong” answer.

Next, look around to see who else is standing by you and talk about why you chose to
stand there. The moderator will ask for volunteers to tell the entire group why they chose to stand

where they did.

You won't need your notebook with you for this activity, but when you come back or have
time later, fill out the table on the next page and jot down your notes on environmental impacts
from this activity.

14



IMPACT Where did you stand? | DISCUSSION- What did you discover about this
(Label your axes first!) | particular impact?

invasive
species

flooding

hurricanes

fire

fragmentation

T+t

2-2. let’s pause: There really isn’t a right or wrong answer for some of these impacts. Understand
that impacts are different based on who or what is affected. Thinking back to the pine savanna,
how might we understand or know what is affected by impacts? How will we know what's the most
appropriate restoration practices are for the environment that needs to be restored or managed?

15



Percent Cover Activity

Percent cover is a method used by NERR scientists to S o
estimate the percentage of plant species in a given area. After e
monitoring the plants over extended periods, scientists can look
at how the vegetation communities change over time. To do this
they establish long-term monitoring plots across the reserve and
record the percentage of each species within the plot annually. &&
They record the percentage of each species within a smaller |
quadrat. This method can be subjective from person to person. F& 4
To get the most accurate percentage, our scientists will perform  Figure 9. NERR scientists trek in the field
this method as a group and discuss which percentage is best. fo estimate percent cover for native
We will be using percent cover to monitor vegetation in our own $Pecies: Photo by: Sandra Huynh
plots when you return for a field day at GNDNERR.

Today we will practice by completing the following activity. On the tables in the NERR
classroom are laminated sheets with various shapes and colors. In small groups, your task is to
estimate the percent of the colored paper. There is a correct answer for each sheet, so do your best!

2-3. Estimate the percent cover to the nearest 5% for each “example” and write down your
estimates.
Your Guess Correct Answer

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

2-4. What was the most challenging part of this activity? Why?

2-5. How might this be challenging in the field when looking at plants@

2-6. What do you think is a way you could get consistent answers for percent cover in the field?

16



Species Surveys

In order to properly manage an area, you must know what species can be found there.
Some species may require special conditions or may be sensitive fo some management practices.
Endangered species can also be of great concern when considering management applications.
Vegetation can be easily surveyed using visual encounter surveys, that is to record species based
on seeing them. While this method is also used for animals like birds, it can be time consuming and
subjective. Trapping is another survey method that is very effective. We use minnow traps and
drift fences at the Reserve to survey reptile and amphibian, or herpetofauna, species.

Drift fences are an easy way to obtain data on certain types of animals (e.g. herpetofauna
and small mammals). Drift fences are long, continuous barriers used to collect animals for research.
Different types of traps are constructed along the fence (bucket/pitfall traps) and at both ends (funnel
traps). As an animal comes into contact with the fence it moves along it in either direction until it is
caught in a trap. Drift fences should be constructed in an area where there is thought to be a lot of
movement of the target species. Drift fences do take some time fo construct, but once they are
complete, one can obtain much data with very low maintenance or upkeep.

Side View

| Fence | | Pitfall Trap | | Wood Stake || Pitfall Trap | | Wood Stake | | Fence | | Funnel Trap

Top View

Figure 10. Side and top views that depict a drift fence. Figure designed by Dennis McGrury.
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Interpreting Species Survey Data

The following dataset was collected at a drift fence located in a savanna habitat at the
Reserve. Each time a species was caught in the trap it was recorded. In Spring of 2018 GNDNERR,
restoration specialists conducted a controlled burn in this savanna. Scientists want to compare the
occurrence of eastern narrowmouth toads (Gastrophryne carolinensis) caught before and after the
burn to defermine if the toad prefers the thick cover of underbrush in the savanna prior to the burn
or the more open environment after the underbrush was cleared by the fire.

2-7. Hypothesis: Which environment do you think the narrowmouth toads prefer?

Eastern Narrowmouth Toad Drift Fence Catches
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2-8. What can we say about the number of occurrences of the narrowmouth toad before and
after the
burn?

2-9. What are some factors that could have contributed to these results, other than fire?
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2-10. Is this enough data to say conclusively that this species prefers either of these habitats?
Why or why not?

2-11. What could be done to further test your hypothesis?

Thoughts for later

The narrowmouth toad isn’t the only species that could be found in the traps. What other common
herpetofauna species do you think we may find?

In your opinion, do you think you would prefer vegetation monitoring and using percent cover or
herpetofauna monitoring and trapping species?

Why?

If you could add a plant or animal to monitor at the Grand Bay NERR, what would it be2 How
would you monitor it2

19



Geocaching Grand Bay

The Trimble Nomad is an important tool used to collect geospatial data. Tools like this one are used

by NERR restoration specialists to effectively monitor plant communities in the savanna.

The Nomad will be necessary to collect monitoring data for the next lesson. The following activity
was designed to familiarize you with this tool. *Note: The Nomads are on an Android operating

system.

Use the Nomad to navigate to the following points and record the identity of the object. The photos
are meant to be clues of the objects you are meant to find. Write down the identity of the object in

the lines below. If you don’t know what that object is, describe it as best as you can.

1. 30.429333, -88.427372

3.30.429702, -88.427760

5. 30.430593, -88.427715

7.30.429677,-88.428455

9.30.429388, -88.428701

20

2.30.429782, -88.427568

4. 30.429963, -88.427752

6. 30.430302, -88.428361

8. 30.429332, -88.429572

10. 30.429152, -88.427994




v . -
Untitled Map ol ) ] ) 4 ~ Legend
Lo gt - 2
Write a description for your map = e X N M Coastal Resources Center
)

Google Earth

Find a group of five trees. Use the Nomad's polygon function to draw a polygon around them.
Take a GPS point of each tree also using the Nomad. While you take each point, use the DBH tape
to determine the DBH of each tree then record that in the note section of each datapoint. Record
your data in the chart below as well.

Species Coordinates DBH

OB bhWN -

Note: The DBH tape has two sides. You will need to use the “diameter inch” measurements.

3 , |2

Vi LA ll!'lllll1
A T T A T R AT T - TR T

1 I i i
§F
ll'll
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Matchstick Savanna
For this activity you will be imitating management practices in a “matchstick savanna”. First you

will see a demo matchstick savanna lit on fire. This is meant to demonstrate a savanna that has had
no management undergoing a wildfire.

2-12. What do you predict will happen to this savanna?

You will be given 50 matches, which represent trees, to construct your own matchstick savanna.
You will be conducting management practices in this savanna then it will be subjected to a
“wildfire”, so keep this in mind when building your savanna. Place the matches in the clay, match
head facing up. Draw the arrangement of your forest in the block below.

Now you will be able to conduct management practices in your savanna. You can use tree
thinning or hand clearing. This will be simulated by simply removing matches from the
savanna. Another method available is mechanical clearing or mulching. This will be
stimulated by removing a match, breaking it in half, and placing both pieces on the clay surface.
The last method you may use is to create a fire lane. This is accomplished by removing matches.
The fire lane may only be two trees wide and can be as long as you wish. You may use as few or
as many of these methods as you wish, but you can only remove 15 matches total. The object is to
have the least amount of savanna burned by the fire as possible.

22



In the block below draw your managed savanna. Be sure to label the management practices.

2-13. Which management practices did you use and how many matches did you remove with
each? Why2 What was your thought process?

2-14. How much of your savanna do you predict will be burned by the wildfire?

Now your savanna will be subjected to wildfire. Bring the savanna outside and have the instructor
light it. After the savanna has cooled down, go back to the last sketch and indicate which matches
were burned using a different color.

2-15. How much of your savanna was actually burned?
# of trees cm?2

2-16. Was this what you predicted? What factors do you think contributed to the results?

23



Imagery

Imagery is an excellent tool for restoration scientists to view the landscape as it was in the
past. While one cannot usually identify vegetation to species level, imagery along with other
restoration tools can assist in developing a restoration plan. Take a close look at the aerial
photographs on the next few pages and compare those taken in 1967 to the satellite imagery
overlays (on transparencies) of the same site from 2016.

2-17. What are some similarities amongst the imagery taken in 1967 versus the modern-day
imagery?

Pristine Site

Infermediate Site

No management site

2-18. What are the differences between the imagery taken in 1967 versus the modern-day
imagery?

Pristine Site

Intermediate Site

No management site

24



2-19. Can you make any assumptions as to what you might find at these sites if you were to visit
them? Think of the types of vegetation and animals.

Pristine Site

Intermediate Site

No management site

Thoughts for later

How old is aerial photography? How was aerial
photography and imaging accomplished?
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Pristine Site 2016




Pristine Site 1967




Intermediate (vertical box) and No Management (horizontal box) Sites 2016
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