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Purpose: How much have the species eastern 
hemlock, American beech, white pine, white birch, 
northern red spruce, northern red oak, red maple, 

and balsam fir in the 1/10 acre plot changed over the 
last seven years?

Hypothesis: Out of the species, the American beech 
trees will show the most damage over the last seven 
years. The white pines will show the greatest growth, 
followed by eastern hemlock, northern red spruce, 
northern red oak, red maple, balsam fir, white birch, 

and American beech, in that order. 
Procedure: One by one, the 50 trees on the 1/10 acre 

plot were surveyed to find diameter breast height 
(DBH), as well as bole and crown damage.  Four 

satellite plots were also observed for various 
vegetation, such as shrubs and mosses. The 

topography and soil was tested for things such as 
slope and soil pH.

Conclusions: The American beech did show the 
highest rate of bole damage, at 76-100%. This is 
probably caused by the many parasitic fungi that 

plague the species. However, the tree with the highest 
growth rate was northern red oak, with an average 
gain of 2 inches in DBH. this was followed by red 
maple, with an average gain of 0.8 inches. Eastern 

hemlock comes after that, with an average gain  of 0.7 
inches. American beech follows, with an average gain 
of 0.675 inches. White birch is next, with an average 
gain of 0.3 inches. White pine is after, with a gain of 

0.27 inches. Northern red spruce is last to gain, 
acquiring 0.07 inches. Balsam fir came last, and lost 
0.74 inches. This decrease occurred because the 

number of that species of tree in 2007 was greater 
than it was in 2013, with six trees compared to three. 

Current growth model for the 1/10 acre plot
Growth model for the 1/10 acre plot in 100 years

Special thanks to Cheryl Sleeper, Kevin 
Doran, and Ken Lausten for all of their 

help!

DBH Change from 2007-2013

Major changes between 
the growth models:  

There are fewer trees all 
together, but those that 
still remain are much 
taller.  White pine, for 

example, are much more 
prominent.

(Picture at left): Bronwyn (on left) 
and Macey (right) measuring the 

DBH of a tree



! ! ! ! ! ! Bronwyn Caswell-Riday and Macey Downs!
! ! ! ! ! ! November 17th, 2013!
! ! ! ! ! ! Red 1 & 2!!
Title: FOREST INVENTORY GROWTH!!
Background: !!
! A tree is a type of plant with a thick woody stem called a trunk, which supports 

the branches. The branches have leaves, which each contain many chloroplasts that 

work to convert sunlight to a useable form of energy called glucose. This process is 

called photosynthesis, and is the tree’s way of getting its nutrients. Trees also have a 

system of roots underground that work to absorb water. Some trees have different types 

of leaves that change depending on the seasons. Deciduous trees are trees with flat 

leaves that change color in the fall, from a generally green color to red, orange, yellow, 

and/or brown. Coniferous trees’ fruits normally come in the form of seeds or nuts. 

Coniferous trees are trees with needles, such as evergreens. These needles do not fall 

off in the fall, and remain on the branches all year long, through both summer and 

winter. Coniferous trees produce cones as their fruit. Baby trees that are small but have 

been alive for some time (a few years at least) are called saplings. Trees that are very 

new and small, and have not been alive for long are called seedlings. !

This following experiment is being conducted on a FIG plot. FIG stands for Forestry 

Inventory Growth. Forest inventory is the collection of information and data for analysis. 

This is done on a sample plot. The sample plot being used in this experiment is located 

at the coordinates N43.57.504, W69.56.983 on the Cathance River Preserve, Topsham, 

Maine.!



! The bole of a tree is the same as its trunk. The bole of the tree contains key parts 

necessary to the function of the tree. First is the outer bark of the tree, which acts as a 

shield or barrier to protect the important inner sections of the tree. It is like the skin of 

the tree, regulating the temperature and moisture within, as well as keeping insects and 

other outside aspects of the environment from getting in. After the outer bark is the inner 

bark, also known as the phloem. The phloem acts as a pipeline, transporting nutrients 

from leaves to all the parts of the tree. It dies after only a short while, and then becomes 

part of the outer bark. After the phloem is the cambium, which is the growing part of the 

tree that makes new bark and wood. Hormones, called auxins, pass through the phloem 

and send signal this growth. After the cambium comes the sapwood, which is new wood 

responsible for transporting water from the roots to the leaves above. After the sapwood 

is the heartwood, which is the very middle of the tree. This part consists of dead wood, 

which acts as a central support for the tree. Even though the wood is dead, it will not rot 

or decay, unless some damage is done to a vital part of the tree. The sapwood and 

heartwood make up the xylem. !

! The crown of a tree includes its stems, leaves, and reproductive structures. It 

displays the leaves to permit the capture of sunlight, which provides energy for 

photosynthesis.!

! The northern red spruce (Picea rubens) is a prominent species of coniferous tree 

in the northeastern United States and Canada. It grows in areas where summers are 

cool and damp, and winters are cold and snowy. The species prefers soils from glacial 

deposits, with pHs ranging from 4.0 to 5.5. It grows at elevations from sea level to 1,370 

meters. Northern red spruce is used for lumber, paper, and musical instruments, among 



other things. Since the 1970s, the species suffered from environmental issues, such as 

heightened exposure to acid rain. Foliage was damaged by the rain in the summers, 

and freezing and snow in the winters caused said foliage to die. However, in recent 

years, growth rates have dramatically increased. Diameter growth is at the highest it 

has ever been, and average growth has nearly doubled compared to rates from the last 

100 years. Scientists hypothesize this is due to the Clean Air Act of 1990, which 

reduced pollution that led to acid rain. Northern red spruce could also be benefiting from 

climate change, as warmer winters lead to less freezing and snow, therefore not 

damaging the foliage of the trees. !

! Eastern hemlock (Tsuga canadensis) is a coniferous tree that is native to eastern 

North American. This shade tolerant tree grows between 60 and 70 ft. tall. Eastern 

hemlocks grow between 0 and 12 inches per year, and can take 250-300 years to reach 

maturity. Its needles are about 0.75 inch long and rounded at the tip. They are also flat, 

and distributed in two rows from short leafstalks. Their coloring is dark green with two 

slim white bands underneath. The bark of the eastern hemlock is thick with deep 

furrows that create scaly ridges. The twigs and needles of the tree itself, however, may 

be damaged by diseases such as Melampsora farlowii. This disease can cause shoot 

blight and cone  abortion. The tree itself can often be found growing in acidic soils, 

moist shaded valleys, and rock outcrops in Ontario to Nova Scotia south to Maryland 

and eastern Minnesota, and along the Appalachian mountains to Georgia and Alabama. 

In Maine, the eastern hemlock is ranked as an S5 in the State Conservation Status, 

meaning the species is secure. The lumber of this tree has been used for pulp and 



railroad ties, and its leaves and twigs can be used to make tea. Eastern hemlock seeds 

can be sensitive to germination-delaying molds. !

! The northern red oak (Quercus rubra) is a very common and important 

deciduous species in the eastern United States. It is fast growing, at a rate of 18-24 

inches of height per year once established, though these rates slow down once the tree 

gets older. They are easily transplanted, as well as providing lots of shade.  It grows in 

many types of habitats, ranging from moist woods to sandy plains, to rockier areas and 

the outside of areas around rivers subject to flooding. It grows in a variety of soils, such 

as clay, gravelly, sandy, and a combination of the three. The soils can vary in depth and 

nutrient levels, but trees do best in well drained, deep, diverse, and fertile soils. They 

can grow in a range of elevations, from sea level to up to 1,680 meters. Since the 

species is so hardy and is able to grow in diverse areas, it is important to the lumber 

industry. Red oak can also form areas where it is the main or only species growing.!

! American beech (Fagus grandifolia) is a deciduous tree whose trunk can grow up 

to 2.5 ft. wide and that ranges in height from 60 to 80 ft. tall. American beech trees have 

slow to medium growth, meaning they grow vertically ranging from 0-24 inches every 

year. The end buds of this tree are skinny, long, and pointed with bud scales. These will 

later become ovate leaves, which can grow up to 5 inches long, and have a pointed tip 

and saw-toothed edges. Their coloring is dark green on top and light green underneath, 

although they turn yellow-brown in autumn. The bark of an American beech tree is 

smooth, light gray in color, and relatively thin. It is found in forests with soil with a variety 

of textures that ranges from well drained to somewhat poorly drained. It grows a fruit 

called beechnuts, which are edible for humans and used by many organisms as a food 



source. Unfortunately, this tree is often plagued with parasitic fungi such as Mossy 

Maze Polypore, Artist’s Conk, Tinder Polypore, Bearded Tooth, and Honey Mushrooms. 

The wood of the American beech is used for flooring, furniture, railroad ties, firewood, 

and plywood.!

! The red maple (Acer rubrum) is a very common species of deciduous tree, 

covering most of the United States. It is the landscaping tree of choice, used in a variety 

of places, such as along sidewalks, roads, and parking lots. However, it is considered a 

weaker tree by foresters due to its tendency to be poorly formed in areas poor in the 

necessary resources. When it does grow well in better areas, it can grow faster and with 

better form, which makes the trees good for logging. Trees can grow at a rate of 13-24 

inches (vertically) per year, and at their best can grow 25 inches or more (vertically) per 

year. Red maples can grow in both wet and dry areas, from thick forests to swamps and 

floodplains. It dominates in wetter areas such as swamps, though. It can grow well in a 

wide range of soil types, from dry and rocky to wet and soft. Red maple has the widest 

range of tolerable soil types than any other species in North America, though it does 

best in damp loam. Trees can grow in a range of elevations, from sea level to 900 

meters. !

! White birch (Betula papyrifera) is a deciduous tree that grows between 50 and 70 

ft. tall. In ideal conditions, white birch trees can grow 3-5 feet in a year. This tree can be 

found in northern North America, Labrador to Alaska, south to the Northern Rocky 

Mountains, northern plains states, and Pennsylvania. Its foliage is made up of ovate 

leaves that are 2 to 4 inches long and 1.5 to 3 inches wide. These leaves usually have 

an acuminate or pointed tip as well as an acute or heart-shaped base. They are dark 



green on top, but a paler green underneath. In the autumn, however, these leaves are a 

bright and showy yellow. The bark of the white birch starts out as smooth and reddish-

brown with horizontal lenticels. After about a year, the bark becomes the papery white, 

which is what this tree is known for. As the trunk matures even more, black patches may 

be seen mixed in with the chalky bark. The white birch is best adapted to cooler 

climates, and does poorly in summer heat. It requires full sun, but is fairly soil 

adaptable. White birches are commonly affected by aphids, which can cause mold to 

grow on the trunk and branches. Fungal infections can also cause birch leaves to 

blister.!

! The balsam fir (Abies balsamea) is a coniferous species of tree, commonly 

cultivated for Christmas. The wood is not sturdy, and is of little to no value for lumber. It 

is, however, a good source of wood for turning into pulp for paper. The bark has little 

bubbles that are filled with sap, and when popped, emit this sticky, fragrant substance. 

They grow in the far northeastern United states and Canada. Balsam fir are not a fast 

growing tree; 12 inches or less vertical increase per year. They can grow in deep, cold 

swamps; also, in cool, damp areas. They are able to grow in a variety of soil types, and 

can grow in areas where it is the only species present or mixed in with other species, 

such as white birch and spruce.!

! White pine (Pinus strobus) is the coniferous tree that has been named the state 

tree of Maine. It is native from Newfoundland to Georgia and west to Iowa, as well in the 

southern Appalachians up to 5000 ft. above sea level. It is usually 50 to 80 ft. tall, but 

can grow to be over 100 ft. tall. White pines grow 25 inches or more vertically every 

year. Its 4 inch long needles are light green with a bluish tint, and have serrated margins 



and two stomatal lines underneath. There are 5 needles per fascicle, and they persist 

for 2 years. The white pine’s bark is gray to green-gray in color. It is smooth when 

young, but becomes furrowed to scaly as the tree matures. This tree grows best in well 

drained, sandy soils. It is used as a timber tree, and its lumber was once used for ship 

masts. Pine wilt is a disease that could kill an infected pine in a single season. It causes 

the needles to turn an off-brown color. Its pathogen is the pinewood nematode.!

Problem: How much have the species eastern hemlock, American beech, white pine, 
white birch, northern red spruce, northern red oak, red maple, and balsam fir in the 1/10 
acre plot changed over the last seven years?!!
Hypothesis: Out of the species, the American beech trees will show the most damage 
over the last seven years. The white pines will show the greatest growth, followed by 
eastern hemlock, northern red spruce, northern red oak, red maple, balsam fir, white 
birch, and American beech, in that order. !!
Procedure: !
1. Find the center of the 1/10 acre plot. (GPS coordinates N43.57.504, W69.56.983)!
2. Stand at the center mark and look for the mark that shows where north is. Once the 

north mark is located, look to the right and find tree number one. !
3. Identify what species tree #1 is. Record this in the data table.!
4. Use the DBH measuring tape to measure the distance around tree at 4 1/2 feet above 

the ground. !
5. Record this number. Then, inspect the tree to see if it is alive. Record any damage to 

the tree and describe it. !
6. Repeat these steps for all 50 trees in the 1/10 acre plot. !!
Procedure for the satellite plots:!
1. Stand at the center of the 1/10 acre plot.!
2. Decide which plot you are going to do first: north, south, east, or west. !
3. Once you have decided on a plot, from the center of the 1/10 acre plot, go in the 

direction of the plot you have chosen. For example, if you are going to the east plot, 
head east from the center mark. !

4. Once you have found the plot, determine the total percentage of coverage by 
vegetation by 5% increments. Try to think of the plot as if you are seeing it from a 
bird’s eye view. Record in the data table. !

5. Determine the total percentage of coverage by the categories of vegetation (shrubs, 
wildflowers, grasses, litter, fungus, mosses, etc.) by 5% increments. These 
percentages may be below or exceed 100%, as they are the percentages of the 
categories themselves. Record in the data table. Note: shrubs are defined as all 



woody plants between 2 and 12 feet in height. Though incorrect, tree saplings that fit 
this definition are included. !

6. Record the number of deciduous and coniferous seedlings (trees less than 1 inch in 
diameter) found on the plot.!

7. Record the number of deciduous and coniferous saplings found on the plot. !
8. Repeat steps 4-7 for each plot: north, south, east, and west. !!
Procedure for Topography:!
1. Stand at the center of the plot. Using a GPS unit, find the coordinates of the center. 

Record these in the data table.!
2. To find the elevation above sea level, it is best to use a topographic map of the area. 

It is possible for the GPS to determine this, though they have a large margin of error, 
so their use is not recommended. !

3. To find the percentage of slope and direction (aspect) of the 1/10 acre plot, use the 
clinometer and compass. The forester will be able to help you with this process. !

4. Fill in the questions regarding glaciation on the “Physical Characteristics Field Data 
Sheet”. !

5. To find the direction and distance to the nearest body of water, use the compass and 
tape measure. !!

Procedure for Soils:!
1. First, find a patch of relatively bare ground around the center of the plot. !
2. Using the trowel, burrow into the soil until the top of the trowel is touching the ground.!
3. Pull up the trowel and separate the soil into the three different sections that should be 

visible: dark brown (organic), harder brown (A), and clay (B). Then, label the 
respective layers.!

4. Using separate cups, mix each level of soil with distilled water, until it is a muddy 
solution. !

5. Let the solution sit for 15 minutes. !
6. Using pH paper, measure the pH of each solution.!
7. Using new soil from each level, find the mass of each section and record it. After 

recording all of the sections, put them into the incubator. !
8. After letting the soil dry for a week, measure the mass of each once more. Then, 

divide the dry mass by the first mass to find the moisture content. Record the values. !!
Procedure for Growth Modeling Charts:!
1. Make an appointment with Forester Ken Lausten.!
2. Follow Mr. Lausten’s guidance for how to create the summary tables and growth 

models for the 1/10 acre plot. !!
Materials: !
1. Data sheets for 1/10 acre FIG plot!
2. Data sheets for satellite plots!
3. Tree identification guide!
4. DBH measuring tape!
5. Clinometer!



6. 100 ft. measuring tape!
7. Digital camera!
8. Biltmore stick!
9. Sharpie!

10. 

Ground bore!
11. pH paper!
12. Distilled water!!!!
Location of FIG Plot: N43.57.504, W69.56.983 on the Cathance River Preserve, 
Topsham, Maine.!!!
Safety Considerations: No dangerous materials will be used. However, the 
researcher(s) will be in an area with lots of low hanging branches and hidden roots or 
rocks, so one must be careful not to get their eyes poked or trip and fall. Therefore, no 
running or fooling around while on the plot, and be sure to wear closed toed shoes; 
sneakers or boots would be best. !!



Observations: Observations while on the plot include the sighting of numerous small 
mammals, fungi, and scratchings on the tree bark. Small mammals seen include grey 
squirrels, red squirrels, and chipmunks. Mushrooms could be seen growing on the 
forest floor and on the trees, both dead and living. Some trees had seams or scratches 
on the bark. The seams most likely occurred from mechanical damage, such as when 
another tree falls on it and scratches the bark. !!
Data Table:!

Trees in the 1/10 Acre Plot!
Tree Species Tree 

Status
DBH 

(inches)
Damage 

Type 
Crown

Damage 
% 

Crown

Damage 
Type Bole

Damage 
% Bole

1 Eastern 
Hemlock

live 11.8 none 0 none 0

2 Eastern !
Hemlock

live 10.2 none 0 none 0

3 America
n Beech

live 5.1 no 
crown

76-100 disease 76-100

4 America
n!
Beech

live 3.2 none 0 disease 76-100

5 America
n Beech

live 8.2 none 0 disease 26-50

6 White 
Pine

live 6.3 none 0 none 0

7 America
n Beech

live 6 none 0 disease 51-75

8 White 
Birch

dead 
standing

6.6 no 
crown

76-100 none 0

9                                                   Not found

10 Northern 
Red 
Spruce

 live 4.7 none 0 none 0

11 Eastern 
Hemlock

live 5.7 none 0 none 0



12 Eastern 
Hemlock

live 6.2 none 0 none 0

13 Northern 
Red 
Spruce

live 7.1 none 0 none 0

14 White 
Pine

live 
(barely)

5.8 thin 
crown

0-25 none 0

15 Northern 
Red 
Spruce

live 6 none 0 none 0

16 White 
Pine

live 17.5 none 0 none 0

17 Eastern 
Hemlock

live 12.6 none 0 none 0

18 America
n Beech

dead 
standing

6.5 no 
crown

76-100 disease 76-100

19 Northern 
Red Oak

live 7.4 none 0 none 0

20 Eastern 
Hemlock

live 3.8 none 0 peeling 
bark

0-25

21 White 
Birch

live 6.95 none 0 none 0

22 Eastern 
Hemlock

live 3.5 none 0 none 0

23 White 
Birch

live 7.3 none 0 none 0

24 Eastern 
Hemlock

live 15.5 none 0 seam 0-25

25 Eastern 
Hemlock

live 3.1 none 0 none 0

Tree Species Tree 
Status

DBH 
(inches)

Damage 
Type 

Crown

Damage 
% 

Crown

Damage 
Type Bole

Damage 
% Bole



26 Balsam 
Fir

live 3 none 0 none 0-25

27 White 
Birch

dead !
standing

8.5 no 
crown

100 weather 0-25

28 Eastern 
Hemlock

dead 
standing

4.3 branche
s

76-100 disease 76-100

29 White 
Pine

live 8 none 0 none 0

30 Balsam 
Fir

live 2 none 0 none 0

31 Red 
Maple

live 6.6 none 0 none 0

32 Balsam 
Fir

live 3.2 none 0 none 0

33 White 
Birch

dead down

34 White 
Birch

dead 
standing

7.5 no !
crown

100 insects 100

35 White 
Birch

dead down

36 White 
Pine

live 8.1 none 0 none 0

37 Eastern 
Hemlock

live 8 none 0 none 0

38 Eastern 
Hemlock

live 8.7 none 0 none 0

39 Eastern 
Hemlock

live 10.8 none 0 none 0

40 White 
Birch

live 10.3 foliage 0-25 none 0

Tree Species Tree 
Status

DBH 
(inches)

Damage 
Type 

Crown

Damage 
% 

Crown

Damage 
Type Bole

Damage 
% Bole



!!!!!
FIG Growth and Damage Summary 2013!

41 White 
Birch

live 8.5 none 0 growths 0-25

42 White 
Birch

live 7.2 none 0 growths 0-25

43 White 
Birch

live 9.1 none! 0 growths 0-25

44 Eastern 
Hemlock

live 14 none 0 none 0

45 Eastern 
Hemlock

live 5.3 none 0 none 0

46 Northern 
Red 
Spruce

dead down

47 Northern 
Red 
Spruce

dead 
standing

7.1 none 0 mushroom 0

48 Northern 
Red 
Spruce

live 4.6 none 0 none 0

49 White 
Birch

dead down

50 White 
Pine

live 6.3 none 0 none 0

Tree Species Tree 
Status

DBH 
(inches)

Damage 
Type 

Crown

Damage 
% 

Crown

Damage 
Type Bole

Damage 
% Bole



!!
Northern Satellite Plot Data!

Tree 
Species

# of 
Trees 
Total

# of 
Living 
Trees

# of Dead 
Trees

Avg. DBH Median 
Damage 
Crown %

Median 
Damage 
Bole %

Eastern 
Hemlock

15 14 1 8.23 0-25 0-25

American 
Beech

5 4 1 5.8 0-25 76-100

White 
Pine

6 6 0 8.67 0-25 0-25

White 
Birch

12 6 6 7.99 0-25! 0-25

Northern 
Red 
Spruce

6 4 2 5.9 0-25! 0-25

Northern 
Red Oak

1 1 0 7.4 0-25 0-25

Balsam 
Fir

3 3 0 2.73 0-25 0-25

Red 
Maple

1 1 0 6.6 0-25 0-25

Species % Ground Cover Seedling/Sapling Count

Tree Species Count

Shrubs (Total) 0% Coniferous Sapling 0

Wildflowers 5% Deciduous Sapling 1

Grasses 0% Coniferous Seedling 5

Litter (dead) 85% Deciduous Seedling 9



!
Eastern Satellite Plot Data!

!!!!

Bare Ground 0%

Ferns 30%

Fungi 5%

Mosses 50%

Seedlings 25%

Other 5%

Species % Ground Cover Seedling/Sapling Count

Tree Species Count

Species % Ground Cover Seedling/Sapling Count

Tree Species Count

Shrubs (Total) 0% Coniferous 
Sapling

5

Wildflowers 0% Deciduous 
Sapling

0

Grasses 0% Coniferous 
Seedling

7

Litter (dead) 70% Deciduous 
Seedling

0

Bare Ground 0%

Ferns 0%

Fungi 5%

Mosses 10%

Seedlings 5%

Other 20%



!!!
Southern Satellite Plot Data!

!
Western Satellite Plot Data!

Species % Ground Cover Seedling/Sapling Count

Tree 
Species

Count

Shrubs (Total) 0% Coniferous 
Sapling

3

Wildflowers 0% Deciduous 
Sapling

0

Grasses 0% Coniferous 
Seedling

8

Litter (dead) 85% Deciduous 
Seedling

1

Bare Ground 0%

Ferns 0%

Fungi 0%

Mosses 25%

Seedlings 5%

Other 5%

Species % Ground Cover Seedling/Sapling Count

Tree 
Species

Count

Shrubs (Total) Coniferous 
Sapling

0

Wildflowers 5% Deciduous 
Sapling

1

Grasses 0% Coniferous 
Seedling

16



!
Comparison of Tree Growth in DBH!

!

Litter (dead) 90% Deciduous 
Seedling

5

Bare Ground 0%

Ferns 0%

Fungi 5%

Mosses 25%

Seedlings 45%

Other 35%

Species % Ground Cover Seedling/Sapling Count

Tree 
Species

Count

Species Total # of 
Tree Species 
Included in 

Calculations 
2007

2007 Avg. 
DBH 

(inches)

Total # of 
Tree Species 
Included in 

Calculations 
2013

2013 
Avg. DBH 
(inches)

Change in 
Avg. DBH!
(inches)

Eastern 
Hemlock

16 7.53 15 8.23 +0.7

American 
Beech

5 5.125 5 5.8 +0.675

White Pine 6 8.4 6 8.67 +0.27

White Birch 12 7.69 9 7.99 +0.3

Northern 
Red Spruce

3 5.83 5 5.9 +0.07

Northern 
Red Oak

1 5.4 1 7.4 +2

Balsam Fir 6 3.475 3 2.73 -0.74

Red Maple 1 5.8 1 6.6 +0.8



!!!
Comparison of Crown Damage!

!
Comparison of Bole Damage!

!!!!!

Species 2007 Crown Damage 
Median %

2013 Crown Damage 
Median %

Eastern Hemlock 0-25 0-25

American Beech 0-25 0-25

White Pine 0-25 0-25

White Birch 0-25 0-25

Northern Red Spruce 0-25 0-25

Balsam Fir 0-25 0-25

Northern Red Oak 0-25 0-25

Red Maple 0-25 0-25

Species 2007 Bole Damage 
Median %

2013 Bole Damage 
Median %

Eastern Hemlock 0-25 0-25

American Beech 76-100 76-100

White Pine 0-25 0-25

White Birch 0-25 0-25

Northern Red Spruce 0-25 0-25

Balsam Fir 0-25 0-25

Northern Red Oak 0-25 0-25

Red Maple 0-25 0-25



!!!
2008 Plot Summary (5 years ago)!!!!!!!!!!!!!!!!!!!!!!!!

Projected 2013 Plot Summary (5 years ago)!!!!!!!!!!!!!!!!!!!



!
2013 Plot Summary (current)!!!!!!!!!!!

             !!!!!!!!!!!! !!
2113 Plot Summary (100 years in future)!!!!!!!!!!!!!!!!!!!!



!
2163 Plot Summary (150 years in future)!!!!!!!!!!!!!!!!!!!!!!!!!

Calculations: !
! Calculations done during this lab were fairly minimal. In the “Growth and 
Damage” summary table, calculations were made to find the average DBH of each tree 
species. This was done by adding up all the DBHs, and then dividing them by the 
number of trees DBH was found for. In that same table, median crown damage and 
median bole damages were found. This was done by listing all the crown and bole 
damage percents for each species, and then finding the median of the list for that 
species. In the “Comparison of Tree Growth” table, the change in average DBH was 
found. This was calculated by subtracting the average DBH of the tree species in 2007 
from the average DBH of the tree species in 2013. The moisture content of the soil was 
found by first taking the mass of the plastic container that the soil was to be placed in. 
Then, the mass of the soil while in the container was measured, and the mass of the 
container was subtracted from that number to get the soil's true mass. After being 
placed in the incubator for a week, the soil mass while in the container was measured 
again. This number was subtracted from the masses before being put in the incubator to 
find the moisture that was lost and therefore originally contained.!!!!



Graphs:!!!
2008 Forest Growth Model (5 years ago)!! !!!!!!!!!

Projected 2013 Forest Growth Model (5 years ago)!!!!!!!!!!!!!!!!!!!



2013 Forest Growth Model (current)!!!!!!!!!!!!!!!!!!!!!!!!
 ! !

2113 Forest Growth Model (100 years in future)!!!!!!!!!!!!!!!



2163 Forest Growth Model (150 years in future)!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!



Comparison of Tree Growth Diameter Breast Height Graph:!!

!!!!!! ! !!!!!!
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!
Diameter Breast Height Change from 2007 to 2013!

! !!
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Comparison of Bole Damage Percentage!!

!! !!!!! !!!!!!!
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Data Analysis:!

! ! The various data tables and graphs above organize and display the data 

of the 1/10 acre plot and four satellite plots. The “Trees in the 1/10 Acre Plot” data table 

contained the number, species, status, DBH, crown damage percentage and type, and 

bole damage percentage and type of each tree within the 1/10 acre plot. The averages 

and medians of the data in this table were organized in the “FIG Growth and Damage 

Summary 2013.” This data table contains the number of trees total, number of living 

trees, number of dead trees, average DBH, median crown damage percentage, and 

median bole damage percentage for each species of tree. There was a total of 15 

eastern hemlocks in the plot, 14 of which were living and 1 of which was dead. The 

average DBH of these trees was 8.23 inches. The median crown damage of the trees 

was 0-25%, and the median bole damage was also 0-25%. There was a total of 5 

American beech trees, 4 of which were living and 1 of which was dead. The average 

DBH of these trees was 5.8 inches, and their median crown damage was 0-25%. The 

median bole damage, however, was very high at 76-100%. There were 6 total white 

pines, all of which were living. Their average DBH was 8.67 inches. Their median crown 

damage and bole damage were both 0-25%. There were 12 total white birches in the 

plot, 6 of which were living and 6 of which were dead. They had an average DBH of 

7.99. Despite the large number of dead trees, the median crown damage and bole 

damage were both 0-25%. The plot had a total of 6 northern red spruces, 4 of which 

were living and 2 of which were dead. Their average DBH was 5.9 inches. Their median 

crown damage and bole damage were both 0-25%. The plot contained only 1 living 

northern red oak tree, and it’s DBH was 7.4 inches. Its median crown damage and bole 



damage were both 0-25%. 3 balsam firs were measured in this plot, all of which were 

living. Their average DBH was 2.73. Their median crown damage and bole damage 

were both 0-25%. Only 1 red maple was found in the 1/10 acre plot, and it was alive. It 

had a DBH of 6.6, and its median crown damage and bole damage were both 0-25%. !

! Some of this data was compared to that of 2007 in the “Comparison of Tree 

Growth in DBH” data table. This table included the total number of species included in 

calculations (trees that were dead and down were not included as their DBHs could not 

be measured accurately) for both years. It also included the average DBH per species 

in both years, and finally the change in average DBH from 2007 to 2013. From 2007 to 

2013, the average DBH increased 0.7 inches for eastern hemlocks, 0.675 inches for 

American beeches, 0.27 inches for white pines, 0.3 inches for white birches, 0.07 

inches for northern red spruces, 2 inches for the northern red oak, and 0.8 inches for 

the red maple. It, however, decreased 0.74 inches for balsam firs. This may have been 

because in 2007, 6 trees were identified as balsam fir, whereas in 2013 only 3 trees 

were found to actually be balsam firs. !

! Two data tables were used to compare the median damage percentages of both 

2007 and 2013. The “Comparison of Crown Damage” data table compared the median 

crown damage of 2007 to the median crown damage of 2013 per species. For every 

species, the crown damage was 0-25% for both 2007 and 2013. The “Comparison of 

Bole Damage” data table compared the median bole damage of 2007 to the median 

bole damage of 2013 per species. For every species, the bole damage was 0-25% for 

both 2007 and 2013 except for the American beech tree. For this species, it had a 

median bole damage of 76-100% during both 2007 and 2013. !



! Data was also collected from the four satellite plots. In each data table, the 

ground cover percentage was found for each species present in the particular satellite 

plot, as well as the number of coniferous saplings and seedlings and deciduous 

saplings and seedlings. The northern satellite plot was 0% shrubs, 5% wildflowers, 0% 

grasses, 85% litter, 0% bare ground, 30% ferns, 5% fungi, 50% mosses, 25% seedlings, 

and 5% other species. It had 0 coniferous saplings, 1 deciduous sapling, 5 coniferous 

seedlings, and 9 deciduous seedlings. The eastern satellite plot was 0% shrubs, 0% 

wildflowers, 0% grasses, 70% litter, 0% bare ground, 0% ferns, 5% fungi, 10% mosses, 

5% seedlings, and 20% other species. It had 5 coniferous saplings, 0 deciduous 

saplings, 7 coniferous seedlings, and 0 deciduous seedlings. The southern satellite plot 

was 0% shrubs, 0% wildflowers, 0% grasses, 85% litter, 0% bare ground, 0% ferns, 0% 

fungi, 25% mosses, 5% seedlings, and 5% other species. It had 3 coniferous saplings, 0 

deciduous saplings, 8 coniferous seedlings, and 1 deciduous seedling. Finally, the 

western satellite plot was 0% shrubs, 5% wildflowers, 0% grasses, 90% litter, 0% bare 

ground, 0% ferns, 5% fungi, 25% mosses, 35% seedlings, and 35% other species. It 

contained 0 coniferous saplings, 1 deciduous sapling, 16 coniferous seedlings, and 5 

deciduous seedlings. !

! One graph included is the “Comparison of Tree Growth DBH Graph.” This is a 

bar graph with the tree species on the x-axis and average DBH on the y-axis. 2007 is 

represented by purple bars whereas 2013 is represented by blue bars. According to this 

graph, in 2007 balsam fir had the lowest average DBH and American beech trees had 

the highest DBH. In 2013, balsam fir continued to have the lowest average DBH and 

American beech trees continued to have the highest average DBH.!



! The second graph was the “Percent Change in DBH” graph. This bar graph 

displays the average change in DBH from 2007 to 2013. The species of the trees is on 

the x-axis and the average change in DBH is on the y-axis. Balsam fir had the lowest 

DBH change as it is the only species with a negative change in DBH. The species with 

the lowest positive change in DBH is the northern red spruce. The species with the 

highest change in DBH is the northern red oak.!

! Data tables were also used for the soil data and topography data of the plot. The 

"Soil Data" table, includes the layer, pH, moisture, and type of the soil collected. The 

"Topography Data" table includes the slope, direction (aspect), glaciation, elevation, and 

proximity to water which includes the plots distance and direction from the water, as well 

as the name and type of the water.!

! The plot summary tables above show everything in the plot. This information, as 

well as the forest growth models, are generated by a program used by the Maine Forest 

Service Biometrician, Kenneth Lausten. The last five tables in the “data tables” section 

are the plot summary tables, and show the average DBH, height, basal area, and 

number of trees on the plot, among other pieces of data. One of these tables contains 

data from 2008, and using that data, a prediction of what the plot will be like in 2013, 

which is the second summary table. The third table contains the actual information from 

2013, and then, using that data, predicts what the plot will be like 100 years from now in 

2113, and 150 years from now, in 2163. The first five graphs in the “graphs” section are 

the forest growth models, and show an overall view of the plot, as well as an aerial view 

and a side view from the cross section indicated on the aerial view. The first model 

displays what the plot looked like in 2008, using actual data from 2008. The second 



model displays the prediction of what the plot will look like in 2013, using the data from 

2008. The third model displays what the plot actually looks like in 2013, using the actual 

data collected this year. The fourth model displays the prediction of what the plot will 

look like in 2113, 100 years from now. the fifth model displays the prediction of what the 

plot will look like in 2163, 150 years from now. !

!
Conclusions:!

! The original hypothesis stated that  “out of the species, the American beech trees 

will show the most damage over the last seven years” and that “the white pines will 

show the greatest growth, followed by eastern hemlock, northern red spruce, northern 

red oak, red maple, balsam fir, white birch, and American beech”, in that order. Based 

on the “Growth and Damage Summary” table, it would appear that the American beech 

trees do, in fact, have the highest percentage of bole damage, at 76-100%; and, based 

on the “Comparison of Bole Damage” table, it appears that American beech had the 

highest percentage of bole damage in 2007 as well, at 76-100%. Though 2006 was the 

first year data was collected, and was seven years ago, the information from 2007 is 

being used instead. This is because it is more reliable, as the data from 2006 had 

inconsistencies, and is therefore less reliable. 2007 is being used instead, though it was 

only six years ago. So, over the past six years, it is evident that the American beech 

trees have shown the most bole damage. The tree showing the greatest growth over the 

last six years turned out to be northern red oak, with a gain of 2 inches in DBH, and not 

white pine, as predicted. However, this data could be considered misleading, as there 

was only one red oak tree on the plot, while there were a total of six white pines. This 

data is based on the average DBH, and having only one tree of the species means that 



the change shown is only the change in DBH for that one tree, as opposed to the 

change in the averages for the species. The tree showing the second greatest growth 

was red maple, with a gain of 0.8 inches in DBH, and not eastern hemlock, as 

predicted. This data is misleading as well, as there was only one red maple on the plot. 

The tree showing the third greatest growth was eastern hemlock, with a gain of 0.7 

inches in DBH, and not northern red spruce, as predicted. Hemlock was predicted to do 

second best, so it was not far off. The tree showing the fourth greatest growth was 

American beech, with a gain or 0.675 inches, and not northern red oak, as was 

predicted. American beech was predicted to have the least growth, so it was relatively 

far off from the prediction. It is surprising that American beech had the fourth greatest 

increase in growth, as it showed the most bole damage of all the trees. However, it did 

not show much crown damage at all, so it appears the disease attacking the trees has 

not yet hindered growth. The tree showing the fifth greatest growth was the white birch, 

with a gain of 0.3 inches, and not red maple, as was predicted. White birch was 

predicted to have the second least amount of growth of all the trees, as it does not 

winter well in Maine, and many die due to the ice and snow. So, though they are not the 

best, it is still surprising they are doing as well as they are. The tree showing the sixth 

greatest growth was white pine, with a gain of 0.27 inches, and not balsam fir, as was 

predicted. White pine was predicted to have the greatest growth, so it is surprising that it 

has not done better. The tree showing the seventh greatest growth was northern red 

spruce, with a gain of 0.07 inches, and not white birch, as was predicted. Northern red 

spruce was predicted to be the third best, so it was pretty far off from the prediction. 

This could be due to the fact that it reacts poorly to acid rain, and due to the climate 



change and carbon change in the atmosphere there has been more acid rain, and 

therefore harming the tree populations. The tree showing the least growth was balsam 

fir, with a negative growth of 0.74 inches. This is probably due to there being less 

balsam fir trees on the plot this year than there were in 2007, as there were six in 2007 

and three in 2013. Based on all of this information, it could be said that the hypothesis 

was not supported. The second data table, which predicted information for 2013 using 

data from 2008, slightly differed from the actual data for 2013. The 2013 prediction data 

projected that the basal area would be 154.3 units, and the number of trees would be 

478 per acre. The actual data from 2013 stated that the basal area was 156.4 units, and 

the number of trees was 450 per acre. The prediction for basal area was short 2.1 units, 

and the prediction for trees was overestimated by 28 trees. The prediction for average 

DBH was 7.0 units, and the prediction for average height was 46.6 feet. The actual data 

showed the average DBH was 7.3, and the average height was 48.1 feet. The 

prediction for average DBH was low by 0.3 inches, and the prediction for average height 

was short by 1.5 feet. Overall, there ended up being less trees on the plot than 

predicted, but the trees that were there were larger. This inaccuracy in prediction is 

probably due to the program being out of date, and did not account for the changes in 

climate and weather that have been occurring these past few years. !

! During this lab, there were numerous occasions on which error could have been 

made. There was much room for human error, as researchers were determining the 

species of each tree, measuring the DBHs, testing the soil, and finding the slope of the 

environment. Slope could have easily been miscalculated, and mistakes in math could 

have been made while calculating percentages, such as those in the percentages of 



median crown and bole damages, and percentages of change in DBH. Trees could 

have also been misidentified, as they were in years passed, and mechanical errors 

made on graphs, such as data being skewed by computer processing programs, either 

by auto fill or graphs being set up incorrectly. !

! Although this experiment was very well-planned, a few changes or improvements 

could be made to make it better. For example, the size of the plot could be increased in 

order to include more trees, therefore permitting more accurate results. It could also be 

improved by using an exact percentage rather than a range for the crown and bole 

damage, as the researchers were unable to calculate an average using a range and 

instead had to settle for a median. A final improvement for this lab could be to take an 

overview picture of the plot during each visit to see how it changed over the weeks 

during which it was observed.


