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Measurement Methods, WLEF Forest Inventory Plots

University of Minnesota, Department of Forest Resources

Before leaving for field, make sure you have:

· Compass (1 per person), with correct declination set

· Dtapes (2 per crew), 

· Laser Hypsometer (1-2 per crew)

· Spencer tape and refill (1 per crew), 

· reel tape (1 per crew), 

· retractable carpenter’s tape (for CWD surveys)

· GPS receiver and spare batteries, with waypoints for day entered,

· long increment borer (1 per crew), 

· straws and aluminum core transport box (1 per crew), 

· coring hammer or short borer (1 per crew), 

· metric calipers (1 per crew), 

· three rolls of flagging tape per crew, 

· sharpie permanent markers (1 per person)

· pencils (two per person)

· roll of string

· measurement guides for CWD size classes

· PDA with forms loaded, or load data collection forms on the GPS unit (also carry paper sheets in field in case of equipment failure)

· instruction sheets (one per person)

· rite in the rain notebooks

· list of plots, with coordinates, to visit for the day

· densiometers (2 per crew)
· digital camera

· second digital camera with fisheye lens, level, and monopod for LAI photos
· lunch

· first-aid kit

· ziplock bags for instruments in case of rain

· bugspray, lunch, raincoat, other personal items in a backpack

Measurement Steps (details are included in the following pages)

1. Navigate to plot center, subplot number 1 using GPS

2. Write plot and subplot number on top of wooden stake, and on flag attached to stake, and drive stake into ground at subplot #1 center

3. Flag nearest tree with three bands of flagging, and two vertical flags from nearby branches

4. Measure and record slope, aspect, physiographic class, stand origin, and disturbance, for the subplot.

5. Take 8 densiometer measurements of canopy closure while standing at subplot center, facing.  Record on GPS along with plot location.  
6. Take four pictures of the subplot with a digital camera.  Note the pictures taken in your field book in order.

7. Take hemispheric photos of the subplot for LAI measurement according to documented procedures.

8. Assess and assign condition for subplot. If more than one condition present, assign proportion, and draw sketch of subplot in your notebook, noting the date, plot and subplot numbers, and condition types.

9. Extend string 7.3 meter in at azimuths of 0, 120, and 240 degress from subplot 1 center to edge.

10. Identify and measure DBH to nearest 0.1 cm on all trees 12.5 cm or larger, moving in a clockwise direction.  The closest tree to azimuth 0 is tree #1 (if 2 trees on same line, closer tree is #1).  The next tree, moving clockwise, is tree #2, etc.
11. Measure 5 and 10 year growth width, to the nearest mm, using calipers on extracted cores from each tree (growth measured only on subplot 1 of each tree).

12. Measure height to the top on each tree to the nearest 0.1 meters, using laser hypsometer or clinometer.
13. Record all entries for each measured tree – subplot, tree#, species, species code, DBH, 5 and 10 year increment, height, condition, and notes of damage or other notes in the tree form on the PDA.  A new record is created for each tree.
14. Establish microplot at a 90o azimuth, 3.66 m from the subplot center, and 2.4 m radius.

15. Measure DBH of all trees on the microplot.  Do not measure any trees a second time.
16. Select one dominant tree per condition, core for age, and measure height, growth, and all other entries for trees.

17. Perform CWD inventory on string transect established in step #6, above – count number of CWD objects by size class for diameters less than 7.5 cm, and measure diameters for all pieces greater than or equal to 7.5 cm.

18. If a substantial portion of the overstory is shrubby, establish 2 additional microplots at 210 and 330 degrees azimuth.  Count and record number of stems for all three microplots.
19. Move to and establish subplots 2 and 3.  These will be located approximately 36 m from subplot 1 and should be located using the GPS.  Subplots 2 and 3 are measured identically to subplot 1.
Detailed Methods – WLEF Forest Inventory Plots 

You will be measuring vegetation and coarse woody debris on a set of plots near the WLEF transmission tower, in northern Wisconsin. The tower is located on Hwy 182 a few miles east of Park Falls, Wisconsin, in Price County.  Study plots will be in the Chequamegon National Forest. We will focus on wetland forests.
Plots will be located based on a set of coordinates. You will drive as near as you can to the plot, and then navigate to the plot using a GPS receiver, or compass and map in the event of equipment failure. You will be establishing plot centers by placing a stake at the center of each subplot in a plot, and hanging flagging tape near each subplot stake.  Flag a nearby tree with three bands of flagging around the trunk, and two strips of flagging from a horizontal branch.
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Each plot will consist of three subplots, each with a 7.3 meter radius. You will measure the diameter at breast height (DBH, 1.37 meters, or 4.5 feet, above the ground on the uphill side of the tree) for all trees that are 12.5 cm in diameter or larger. Each subplot will also include a 2.4 meter radius microplot for smaller trees. Unless a substantial proportion of the overstory is dominated by shrubs (such as alder), there is one microplot in each subplot (see the figure). Each microplot is placed on a 90 degree azimuth from the subplot center, and is 3.66 meters (12 feet) from the plot center.  In plots whose overstory is dominated by shrubs, 2 additional microplots will be established in each subplot, at azimuths 210 and 330 degrees, 3.66 meters (12 feet) from the plot center.
Subplot 1 is the center of the cluster with the other three subplots located 36.6 m away.  The location of subplots 2 and 3 will be chosen randomly from the following 3 azimuths: 0, 120, 140.  These have already been determined and can be located using the GPS.
For each subplot, you will also estimate forest condition. A change in forest type, stand-size class, or stand density may define a condition. For example, teo of the subplots may fall in a clearcut, but the 3rd subplot falls in an adjacent aspen stand. You would record the condition for each subplot, the first two as clearcut, the third as aspen. Or, two sub plots may fall entirely within a mixed northern hardwood stand, one subplot in a young aspen stand, and one subplot half in a alder fen and half in a mixed balsam fir/aspen stand.  If two or more conditions occur within a plot, the boundar(ies) between them is sketched and the proportion of the plot/subplot in each condition is estimated and recorded for each subplot.

Condition is considered different if the species composition changes in an abrupt fashion (e.g., aspen to red pine), height/age is uniformly different (stands more than 10 years or 4.5 meters/15 feet different in height), or other obvious recent transition (e.g., clearcut next to 5-year-old aspen, or a mature sugar maple stand with one part of a stand intact, the other part with 50% crown loss due to windthrow).

Each subplot center will be marked with a wooden stake, the plot ID and subplot number marked on the stake with a sharpie, and the stake flagged, and the plot ID/subplot number written on the flagging. Flagging should also be hung in at least two branches near each subplot center to facilitate recovery. Subplots should be numbered as per the figure, #1 in the center, #2 to the north, #3 to the southeast, and #4 to the southwest.  Even though only three plots will be measured of the 4 directions, number the plots according to the scheme in the figure.  Example:  A plot may consist of subplots 1, 2, and 4.  Or it may be 2, 3, and 4.  It will always include 3 of the 4 subplot locations. 
Plot attributes will be recorded including slope (%), aspect (degrees), site index (from height and age measurements of trees, described below), physiographic class code (from a table provided), stand origin code, and a disturbance code. 

At each subplot, you will take several photos with a digital camera to document the plot and its surrounding location.  Take four photos, one in each of the cardinal directions (its ok to be approximate here – no need for precise measurements or use of a compass).  Keep track of these in your field book so that they can be renamed appropriately later.

You will use a camera equipped with a fisheye lens to take vertical pictures of the canopy at each subplot location.  These will be used to estimate leaf area index (LAI) Procedures for this measurement will be provided separately.  

Tree measurements will include the species, height, and diameter at breast height for each tree in the subplot or microplot. As stated above, all trees on a subplot greater than 12.5 cm DBH will be measured, in cm, to the nearest 0.1 cm. Trees should be measured in a clockwise order, starting with the tree with an azimuth closest to and east of due north of the subplot center. Subsequent trees are measured around the 360 degrees of the plot. If two trees have the same azimuth, measure the closest tree first. This ordering will help in uncovering errors and comparing plots when they are re-measured.  

Note that you will be measuring height and diameter on dead trees as well as live trees. Heights measured on dead trees and on broken-topped live trees will be to the real height, not to the height had the tree not been damaged. If the top is broken on a height measured tree, estimate the  diameter at the broken top – by eyeball. If the tree is dead, make sure to note it in the notes column.

Remember that only trees bigger than 12.5 cm DBH are measured on the subplots. DBH for all trees taller than 1.5 meters should be measured on the microplots.

You should strive to be at least the height away from the tree when you measure so that the clinometer angle is less than 100%, and preferably 1.5 times the tree height, although this is not always possible given crown density.  The distance from the tree should be measured, the height angle measured with a clinometer, and height calculated from these two measurements.  This is automated when using the laser hypsometer, but standing as far away from the tree as you can is still important.  You will measure height on all trees that are in the plot. 

When selecting a tree for site index, make sure it is dominant, well-formed, and with no damage.  Increment cores should be collected for a dominant tree. If the core does not appear to intersect within three years of the tree center, the tree should be re-cored. Closeness to the center is indicated by small-diameter rings, and tight curves in the innermost annual rings. Age should be measured on this tree. Cored trees should be suitable for site index measurements – avoid broken tops, damaged, diseased, or suppressed trees, if possible. 

Cores should be placed in a plastic straw or boxes, the straw marked, and the ends taped, and the straw placed in a box for transport.  Cores should be mounted before drying, on provided blocks, and glued in place. They should then be left to air dry.  They will then be sanded flat, scanned, and measured using a computer.

You should keep records up to date, and enter data on provided spreadsheets in a timely fashion. This means you should enter the data within a week of collection if possible.  All the fields on datasheets should be filled in, with the exception of the notes field on the tree data sheets, which will be used occasionally. Every column should be entered for a record, as appropriate, i.e., don’t leave an entry blank just because it is the same as the entry above.

Subplot –level codes. These apply to the entire subplot, or to a condition class within each subplot, not individual trees. These are filled out for each condition in the subplot.

Physographic class code – physcls on data sheets

Xeric sites:

13 Deep Sands – sites with deep, sandy surface subject to rapid loss of moisture following rains. Generally sparse understory and/or sparse canopy, xeric species present.

Mesic sites:

21
Flatwoods – flat or fairly level sites outside of floodplain, with adequate but not excessive moisture for most of the year. Do not include swamps or wet sites in this class.

22
Rolling upland – hills and gently rolling, with adequate moisture (finer texture soils)

24
Floodplains and bottomlands – areas on margins of streams or in low areas that are associated with streams and rivers. These may flood for short periods in spring or after heavy storms, but are generally not saturated for long periods of time

25
Other mesic

Hydric sites:

31
Swamps/bogs – low, wet, flat forested areas that are quite extensive and flooded for long periods of time.

32 Small drains – narrow, wet, drainage areas that are flooded to saturated at the surface, even days to weeks after rain. 
39  Other hydric

Human-altered landform

51 – paved road

52 – gravel or other improved, double lane, unpaved road

53 – dirt or logging road, active (e.g, active secondary forest service road, often grassed, or active driveway)

54 – dirt or logging road or skid trail, abandoned

55 – other, e.g., landing, gravel or borrow pit, turnaround, etc.


Origin code – origincd on data sheets

0 – natural stand

1 – clear evidence of planting, e.g., trees in rows

Disturbance codes – disturb on data sheets

Code
Disturbance

0
no visible damage

10
Insect damage

20 Disease damage

30 Weather, windthrow etc., damage

40
Fire damage


50
Damage from animals

60
Thinning, past two or three years.

80
Other natural damage

Stand Condition Types

Subplots are given a condition type based on the dominant species, age, and stocking. The dominant species is that species with more than 50% of the dominant basal area. If no one species is more than 50%, then the type is the mix of the two most dominant species, provided both are over 25 percent stocking. If it takes three species to reach 50% of the stocking, then record a three-species mix. There may be a few plots with mixes not shown below. In this case, add them with the initials for the components, separated by a slash, e.g., WO/SM for a sugar maple/white oak condition type.

The following species groups will be used:

JP =Jack Pine



NO=Northern Red Oak



RP=Red Pine



WO=White Oak

WP=White Pine


PO=Northern Pin Oak

MP = mixed upland conifer

GA=Ash, Green or Black

HE=Hemlock



AE=Ash/Elm

WS=White Spruce


SM=Sugar Maple

BF=Balsam Fir


MB=Maple/Basswood

S/F=Spruce/Fir


QA=Quaking Aspen

TA=Tamrack



BA=Bigtooth Aspen

HH=Hemlock/hardwood

AF=Aspen/Fir and Aspen/Spruce/Fir

BS=Black Spruce


WB=White Birch

WC=White Cedar


MH=Mixed Upland Hardwoods

MS=mixed swamp conifer

ML=mixed lowland hardwoods

NW=non-forest wetland

AL=Alder

RD = road


The second variable for condition is stocking

Stocking is

1 if canopy trees cover 0-20% of the ground area

2 if canopy trees cover 20-40% of the ground area

3 if canopy trees cover 40-60% of the ground area

4 if canopy trees cover 60-80% of the ground area

5  if canopy trees cover 80-100% of the ground area

The third variable for condition is size class.

Classes are 

· r, for regenerating (66% or more of the dominant trees less than breast height)

· y, for young ( 66% of the dominant trees less than 12.5 cm (5 inches) in diameter, but taller than breast height)

· p, for poles (66% or more of the trees greater than 12.5 cm (5 inches) but less than 25 cm (10 inches) in diameter

· m, for mature (66% or more of the dominant trees greater than 25 cm (10 inches) DBH

Below are examples of condition codes. Note the order, which is species – stocking – size class

RP-4-m 

Red pine, 60-80% canopy closure, mature

QA/WB – 2 – y
Quaking aspen/white birch, 20-40% canopy closure, young

If a plot has two different stand condition types, e.g., subplots 1, 3, and 4 are in aspen, and subplot 2 is in sugar maple, then record this on the plot measurement sheets. You need to match the condition code to the species and proportion. This means you write a 1 in the condition column of the data sheet (see below) for trees in condition types 1,  enter a 2 for trees in condition type 2, etcetera.  I’ve only include up to three condition types, in the rare cases there are more, note the information for the 4th and additional types in the margin near the other condition information.

Variables for each tree

Subplot# : S1 through S4 to indicate tree on subplot 1 to 4, and m1 to m4 for tree on microplot. If a tree is on a microplot, that code takes precedence – you don’t need to record it twice, just put it as a microplot tree, e.g., we know a tree on M4 is within subplot S4. 

Tree#: a sequential number, starting at 1, for the subplot and microplot – start anew at 1 for each subplot

Species: alphabetic abbreviation for species: first two letters of genus, first two letters of species. See the next page for the species/genus names.

Species-cd : a code number, from the provided table on the next page

DBH – diameter at breast height, to the nearest 0.1 cm – entered for every tree.

5 yr inc – Five year growth increment in cm to nearest 0.01 cm – measure only for subplot #1 on each plot – but measure for every tree 12.5 cm or larger DBH.

10 yr inc – Ten year growth increment – same as above, only for subplot #1.

Height (m): recorded to the nearest 0.1 m. You should record the distance and % angle in the notes section.

Condition : this is a sequential number for each condition on a plot. If they are all the same, list as 1. If there are two conditions, the one for subplot center is condition #1, the second encountered will be #2. 

Species codes – recorded on the subplot data sheet for each measured tree.
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12 balsam fir abies balsamea 701eastern hophornbeamOstrya virginiana

68 eastern redcedar juniperus virginiana 741balsam poplar populus balsamifera

70 larch (introduced_ larix spp. 742eastern cottonwoodpopulus deltoides

71 tamarack larix larcina 743bigtooth aspen populus grandidentata

91 norway spruce picea abies 744swamp cottonwood populus heterophylla

93 engelmann spruce picea engelmannii 746quaking aspen populus tremuloides

94 white spruce picea glauca 761pin cherry prunus penslvanica

95 black spruce picea mariana 762black cherry prunus serotina

96 blue spruce picea pungens 766canada plum prunus nigra

105 jack pine pinus banksiana 802white oak quercus alba

125 red pine pinus resinosa 809northern pin oak quercus ellipsoidalis

129 eastern white pine pinus strobus 823burr oak quercus macrocarpa

130 scotch pine pinus sylvestris 833northern red oak quercus rubra

136 austrian pine pinus nigra 920willow spp. salix spp.

241 northern white cedar thuja occidentalis 951american basswood tilia americana

261 eastern hemlock tsuga canadensis 952white basswood tilia heterophylla

313 boxelder acer negundo 971winged elm ulmus alata

314 black maple acer nigrum 972american elm ulmus americana

315 striped maple acer pensylvanicum 974siberian elm ulmus pumila

316 red maple acer rubrum 977rock elm ulmus thomasii

317 silver maple acer saccharinum 997russian olive elaeagnus angustifolia

318 sugar maple acer saccharum 999unknown

371 yellow birch betula alleghaniensis

372 sweet birch betula lenta

373 river birch betula nigra

375 paper birch betula papyrifera

379 gray birch betula populifolla

391 musclewood carpinus caroliniana

400 hickory hickory spp.

450 catalpa catalpa spp.

531 beech fagus grandifolia

541 white ash fraxinus americana

543 black ash fraxinus nigra

544 green ash fraxinus pennsylvanica

545 pumpkin ash fraxinus profunda

552 honey locust gleditsia tricanthos

601 butternut juglans cinerea

602 walnut juglans nigra

660 apple spp. malus spp.

680 mulberry spp. morus spp.


tag alder code = 200
You will be measuring woody detritus on each subplot.  The inventory will consist of a line transect starting at the plot center and running radially outward. Transects are at 0, 120, and 240 degree azimuths from plot center. You should lay out a string for each transect, as close to the ground as possible. These azimuths are in the same direction as the azimuth from the center plot to the exterior plots. Each transect will be from the center of the subplot to the edge of the subplot – 7.3 meters in length.

The transects should be marked by a thin piece of string that stretches from plot center to edge. You will count the number of twigs, branches, or dead and down stems smaller than 7.5 cm that intersect a transect, and measured the diameter of  branches or stems larger than 7.5 cm that intersect the transect. To intersect a transect, the center of the twig, measured along the axis of the twig/branch must cross over the transect. If the string grazes the edge of the branch, it is not counted. Note that if the same branch crosses the transect twice, it is counted twice; same for three, four, or more times crossing.

You count the number twigs or branches that intersect the transect by category, and measure the larger pieces. The categories are:

1 to 2.5 cms, and 2.5 to 7.5 cms, and larger than 7.5 cms. You count the number in the two smaller categories, and measure the diameter for all pieces equal to or greater than 7.5 cms. You will be given a sampling guide to quickly determine which category a branch or twig is in.

Note that you count pieces that are buried in litter, but not pieces that are buried in soil. You also count pieces that are suspended in air above the transect line. Think of the transect line as defining a plane that extends vertically upward -  a long sheet of plywood standing on edge along the transect, pointing straight up. Anything that intersects this plane from the soil layer to the top of the canopy that is dead should be counted.

The counts and measurements for the transects should be recorded on the GPS form. These are used to calculate the amount of woody detritus, in tons/hectare.

A list of the plot coordinates follow. You should not work through these systematically.  Instead, on a given day, pick a plot at random and measure that plot and as many nearby plots as possible.  On the next day, pick a new random plot to measure.  This will avoid bias in plot location.

Study plot preliminary locations – for navigation.  All coordinates are in UTM Zone 15, NAD83.
	PLOT
	SUBPLOT
	X
	Y
	
	PLOT
	SUBPLOT
	X
	Y

	1
	1
	708048.384
	5091992.131
	
	18
	1
	707284.08
	5089910.9

	
	2
	708048.384
	5092028.731
	
	
	2
	707284.08
	5089947.5

	
	4
	708016.6875
	5091973.831
	
	
	3
	707315.78
	5089892.6

	2
	1
	712839.559
	5090711.382
	
	19
	1
	707738.27
	5090794.4

	
	2
	712839.559
	5090747.982
	
	
	2
	707738.27
	5090831

	
	4
	712807.8625
	5090693.082
	
	
	3
	707769.97
	5090776.1

	3
	1
	708205.4708
	5094731.439
	
	20
	1
	710514.54
	5094304.3

	
	3
	708237.1673
	5094713.139
	
	
	2
	710514.54
	5094340.9

	
	4
	708173.7742
	5094713.139
	
	
	3
	710546.23
	5094286

	4
	1
	707653.2103
	5091872.38
	
	21
	1
	713789.32
	5087329.7

	
	3
	707684.9068
	5091854.08
	
	
	2
	713789.32
	5087366.3

	
	4
	707621.5138
	5091854.08
	
	
	4
	713757.63
	5087311.4

	5
	1
	712687.2982
	5094796.657
	
	22
	1
	711542.92
	5088156.4

	
	3
	712718.9947
	5094778.357
	
	
	2
	711542.92
	5088193

	
	4
	712655.6017
	5094778.357
	
	
	4
	711511.22
	5088138.1

	6
	1
	712976.2641
	5087658.507
	
	23
	1
	711360.98
	5089986.8

	
	2
	712976.2641
	5087695.107
	
	
	3
	711392.68
	5089968.5

	
	4
	712944.5676
	5087640.207
	
	
	4
	711329.29
	5089968.5

	7
	1
	713722.2051
	5094950.834
	
	24
	1
	710388.78
	5093759.6

	
	3
	713753.9016
	5094932.534
	
	
	2
	710388.78
	5093796.2

	
	4
	713690.5086
	5094932.534
	
	
	4
	710357.08
	5093741.3

	8
	1
	711723.9491
	5090810.995
	
	25
	1
	711506.68
	5092657.5

	
	3
	711755.6456
	5090792.695
	
	
	2
	711506.68
	5092694.1

	
	4
	711692.2526
	5090792.695
	
	
	3
	711538.37
	5092639.2

	9
	1
	707119.7121
	5094871.64
	
	26
	1
	708569.19
	5093850.9

	
	2
	707119.7121
	5094908.24
	
	
	2
	708569.19
	5093887.5

	
	4
	707088.0156
	5094853.34
	
	
	3
	708600.89
	5093832.6

	10
	1
	714208.6188
	5088684.073
	
	27
	1
	708820.76
	5088207.7

	
	2
	714208.6188
	5088720.673
	
	
	3
	708852.46
	5088189.4

	
	3
	714240.3153
	5088665.773
	
	
	4
	708789.06
	5088189.4

	11
	1
	708297.2203
	5089536.515
	
	28
	1
	710404.79
	5094405.2

	
	2
	708297.2203
	5089573.115
	
	
	2
	710404.79
	5094441.8

	
	3
	708328.9168
	5089518.215
	
	
	4
	710373.09
	5094386.9

	12
	1
	714817.444
	5093455.715
	
	29
	1
	707644.91
	5093059.6

	
	2
	714817.444
	5093492.315
	
	
	2
	707644.91
	5093096.2

	
	3
	714849.1405
	5093437.415
	
	
	3
	707676.61
	5093041.3

	13
	1
	713295.5667
	5093599.487
	
	30
	1
	709230.69
	5088808.6

	
	3
	713327.2632
	5093581.187
	
	
	2
	709230.69
	5088845.2

	
	4
	713263.8701
	5093581.187
	
	
	3
	709262.38
	5088790.3

	14
	1
	709564.0216
	5093299.266
	
	31
	1
	712522.71
	5092509

	
	2
	709564.0216
	5093335.866
	
	
	2
	712522.71
	5092545.6

	
	3
	709595.7181
	5093280.966
	
	
	3
	712554.41
	5092490.7

	15
	1
	707581.6189
	5094208.086
	
	32
	2
	711170.87
	5094252

	
	3
	707613.3154
	5094189.786
	
	
	3
	711202.57
	5094197.1

	
	4
	707549.9224
	5094189.786
	
	
	4
	711139.18
	5094197.1

	16
	1
	714301.9414
	5087142.72
	
	33
	1
	707834.32
	5094646.9

	
	2
	714301.9414
	5087179.32
	
	
	2
	707834.32
	5094683.5

	
	3
	714333.6379
	5087124.42
	
	
	3
	707866.02
	5094628.6

	17
	1
	708841.4949
	5089089.559
	
	34
	1
	711194.07
	5088386

	
	2
	708841.4949
	5089126.159
	
	
	2
	711194.07
	5088422.6

	
	4
	708809.7984
	5089071.259
	
	
	3
	711225.77
	5088367.7

	35
	1
	714325.24
	5091053.5
	
	52
	1
	708983.73
	5093489.9

	
	3
	714356.94
	5091035.2
	
	
	3
	709015.43
	5093471.6

	
	4
	714293.55
	5091035.2
	
	
	4
	708952.03
	5093471.6

	36
	1
	711402.96
	5090367.1
	
	53
	1
	714177.57
	5093945.1

	
	2
	711402.96
	5090403.7
	
	
	2
	714177.57
	5093981.7

	
	3
	711434.66
	5090348.8
	
	
	4
	714145.88
	5093926.8

	37
	1
	711825.57
	5093321.5
	
	54
	1
	714752.71
	5094965.4

	
	2
	711825.57
	5093358.1
	
	
	2
	714752.71
	5095002

	
	3
	711857.26
	5093303.2
	
	
	3
	714784.41
	5094947.1

	38
	1
	708682.92
	5088807.8
	
	55
	1
	710124
	5092528

	
	2
	708682.92
	5088844.4
	
	
	3
	710155.7
	5092509.7

	
	3
	708714.62
	5088789.5
	
	
	4
	710092.31
	5092509.7

	39
	1
	710310.39
	5087463.6
	
	56
	1
	714754.01
	5090009.9

	
	3
	710342.09
	5087445.3
	
	
	3
	714785.71
	5089991.6

	
	4
	710278.7
	5087445.3
	
	
	4
	714722.32
	5089991.6

	40
	1
	708066.49
	5093650.8
	
	57
	1
	707488.04
	5094156.8

	
	3
	708098.18
	5093632.5
	
	
	2
	707488.04
	5094193.4

	
	4
	708034.79
	5093632.5
	
	
	4
	707456.34
	5094138.5

	41
	1
	709010.85
	5087816.1
	
	58
	1
	710939.06
	5090319.8

	
	3
	709042.54
	5087797.8
	
	
	2
	710939.06
	5090356.4

	
	4
	708979.15
	5087797.8
	
	
	3
	710970.75
	5090301.5

	42
	1
	710894.35
	5090066.6
	
	59
	1
	708896.31
	5088096.2

	
	3
	710926.05
	5090048.3
	
	
	2
	708896.31
	5088132.8

	
	4
	710862.65
	5090048.3
	
	
	4
	708864.61
	5088077.9

	43
	1
	709336.28
	5094612.1
	
	60
	1
	712529.64
	5090847.7

	
	2
	709336.28
	5094648.7
	
	
	3
	712561.34
	5090829.4

	
	4
	709304.58
	5094593.8
	
	
	4
	712497.94
	5090829.4

	44
	1
	711348.24
	5090171.2
	
	61
	1
	710421.17
	5087691.6

	
	2
	711348.24
	5090207.8
	
	
	2
	710421.17
	5087728.2

	
	4
	711316.55
	5090152.9
	
	
	4
	710389.47
	5087673.3

	45
	1
	707516.35
	5093302
	
	62
	1
	707154.1
	5093994.7

	
	2
	707516.35
	5093338.6
	
	
	3
	707185.79
	5093976.4

	
	3
	707548.05
	5093283.7
	
	
	4
	707122.4
	5093976.4

	46
	1
	711777.52
	5088999.7
	
	63
	1
	708367.74
	5088358.7

	
	2
	711777.52
	5089036.3
	
	
	2
	708367.74
	5088395.3

	
	4
	711745.82
	5088981.4
	
	
	3
	708399.43
	5088340.4

	47
	1
	708404.35
	5093921.3
	
	64
	1
	711342.89
	5091850.8

	
	2
	708404.35
	5093957.9
	
	
	3
	711374.59
	5091832.5

	
	4
	708372.65
	5093903
	
	
	4
	711311.19
	5091832.5

	48
	1
	711310.76
	5093611.3
	
	65
	1
	712215.5
	5092066.9

	
	2
	711310.76
	5093647.9
	
	
	3
	712247.2
	5092048.6

	
	4
	711279.06
	5093593
	
	
	4
	712183.8
	5092048.6

	49
	1
	708070.95
	5094037.9
	
	66
	1
	713096.94
	5094308.1

	
	3
	708102.65
	5094019.6
	
	
	2
	713096.94
	5094344.7

	
	4
	708039.25
	5094019.6
	
	
	3
	713128.63
	5094289.8

	50
	1
	714924.99
	5094882.4
	
	67
	1
	712370.04
	5093978.7

	
	3
	714956.69
	5094864.1
	
	
	2
	712370.04
	5094015.3

	
	4
	714893.3
	5094864.1
	
	
	3
	712401.74
	5093960.4

	51
	1
	710408.08
	5087615.4
	
	68
	1
	708059.85
	5089026.2

	
	3
	710439.77
	5087597.1
	
	
	2
	708059.85
	5089062.8

	
	4
	710376.38
	5087597.1
	
	
	4
	708028.16
	5089007.9

	69
	1
	707507.65
	5093029.3
	
	86
	1
	710360.36
	5087182.6

	
	2
	707507.65
	5093065.9
	
	
	2
	710360.36
	5087219.2

	
	4
	707475.96
	5093011
	
	
	3
	710392.06
	5087164.3

	70
	1
	714736.94
	5090774.4
	
	87
	1
	713563.26
	5093102.2

	
	3
	714768.64
	5090756.1
	
	
	2
	713563.26
	5093138.8

	
	4
	714705.24
	5090756.1
	
	
	3
	713594.96
	5093083.9

	71
	1
	711976.87
	5088864
	
	88
	1
	714010.01
	5092989.6

	
	2
	711976.87
	5088900.6
	
	
	3
	714041.7
	5092971.3

	
	4
	711945.17
	5088845.7
	
	
	4
	713978.31
	5092971.3

	72
	1
	709371.52
	5094208.3
	
	89
	1
	713917.69
	5093348.8

	
	2
	709371.52
	5094244.9
	
	
	2
	713917.69
	5093385.4

	
	4
	709339.82
	5094190
	
	
	4
	713885.99
	5093330.5

	73
	1
	713149.61
	5094081.4
	
	90
	1
	714216.57
	5087318.8

	
	2
	713149.61
	5094118
	
	
	2
	714216.57
	5087355.4

	
	3
	713181.31
	5094063.1
	
	
	4
	714184.88
	5087300.5

	74
	1
	710301.82
	5094241.3
	
	91
	1
	708858.43
	5087822.3

	
	2
	710301.82
	5094277.9
	
	
	2
	708858.43
	5087858.9

	
	3
	710333.51
	5094223
	
	
	4
	708826.73
	5087804

	75
	1
	713216.56
	5090614.6
	
	92
	1
	708694.9
	5088212.2

	
	3
	713248.26
	5090596.3
	
	
	2
	708694.9
	5088248.8

	
	4
	713184.86
	5090596.3
	
	
	3
	708726.59
	5088193.9

	76
	1
	712763.89
	5094062.3
	
	93
	1
	707383.92
	5087203.6

	
	3
	712795.59
	5094044
	
	
	2
	707383.92
	5087240.2

	
	4
	712732.2
	5094044
	
	
	4
	707352.23
	5087185.3

	77
	1
	714748.75
	5091107.4
	
	94
	1
	712843.46
	5090458.3

	
	3
	714780.44
	5091089.1
	
	
	3
	712875.16
	5090440

	
	4
	714717.05
	5091089.1
	
	
	4
	712811.77
	5090440

	78
	1
	708533.86
	5094632.3
	
	95
	1
	712463.89
	5093186.2

	
	3
	708565.56
	5094614
	
	
	2
	712463.89
	5093222.8

	
	4
	708502.16
	5094614
	
	
	3
	712495.59
	5093167.9

	79
	1
	712901.45
	5087489.7
	
	
	
	
	

	
	2
	712901.45
	5087526.3
	
	
	
	
	

	
	4
	712869.76
	5087471.4
	
	
	
	
	

	80
	1
	714761.87
	5094601.5
	
	
	
	
	

	
	2
	714761.87
	5094638.1
	
	
	
	
	

	
	3
	714793.57
	5094583.2
	
	
	
	
	

	81
	1
	711685.59
	5093101.4
	
	
	
	
	

	
	3
	711717.29
	5093083.1
	
	
	
	
	

	
	4
	711653.89
	5093083.1
	
	
	
	
	

	82
	1
	714857.31
	5094568.4
	
	
	
	
	

	
	2
	714857.31
	5094605
	
	
	
	
	

	
	4
	714825.61
	5094550.1
	
	
	
	
	

	83
	1
	714968.41
	5093057.1
	
	
	
	
	

	
	2
	714968.41
	5093093.7
	
	
	
	
	

	
	3
	715000.11
	5093038.8
	
	
	
	
	

	84
	1
	711756.54
	5091061.8
	
	
	
	
	

	
	3
	711788.23
	5091043.5
	
	
	
	
	

	
	4
	711724.84
	5091043.5
	
	
	
	
	


Two of the three outer subplots will be measured.





Approximate locations of microplots to be added when stem counts are needed.
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		code		tree				species				code		tree				species

		12		balsam fir				abies balsamea				701		eastern hophornbeam				Ostrya virginiana

		68		eastern redcedar				juniperus virginiana				741		balsam poplar				populus balsamifera

		70		larch (introduced_				larix spp.				742		eastern cottonwood				populus deltoides

		71		tamarack				larix larcina				743		bigtooth aspen				populus grandidentata

		91		norway spruce				picea abies				744		swamp cottonwood				populus heterophylla

		93		engelmann spruce				picea engelmannii				746		quaking aspen				populus tremuloides

		94		white spruce				picea glauca				761		pin cherry				prunus penslvanica

		95		black spruce				picea mariana				762		black cherry				prunus serotina

		96		blue spruce				picea pungens				766		canada plum				prunus nigra

		105		jack pine				pinus banksiana				802		white oak				quercus alba

		125		red pine				pinus resinosa				809		northern pin oak				quercus ellipsoidalis

		129		eastern white pine				pinus strobus				823		burr oak				quercus macrocarpa

		130		scotch pine				pinus sylvestris				833		northern red oak				quercus rubra

		136		austrian pine				pinus nigra				920		willow spp.				salix spp.

		241		northern white cedar				thuja occidentalis				951		american basswood				tilia americana

		261		eastern hemlock				tsuga canadensis				952		white basswood				tilia heterophylla

		313		boxelder				acer negundo				971		winged elm				ulmus alata

		314		black maple				acer nigrum				972		american elm				ulmus americana

		315		striped maple				acer pensylvanicum				974		siberian elm				ulmus pumila

		316		red maple				acer rubrum				977		rock elm				ulmus thomasii

		317		silver maple				acer saccharinum				997		russian olive				elaeagnus angustifolia

		318		sugar maple				acer saccharum				999		unknown

		371		yellow birch				betula alleghaniensis

		372		sweet birch				betula lenta

		373		river birch				betula nigra

		375		paper birch				betula papyrifera

		379		gray birch				betula populifolla

		391		musclewood				carpinus caroliniana

		400		hickory				hickory spp.

		450		catalpa				catalpa spp.

		531		beech				fagus grandifolia

		541		white ash				fraxinus americana

		543		black ash				fraxinus nigra

		544		green ash				fraxinus pennsylvanica

		545		pumpkin ash				fraxinus profunda

		552		honey locust				gleditsia tricanthos

		601		butternut				juglans cinerea

		602		walnut				juglans nigra

		660		apple spp.				malus spp.

		680		mulberry spp.				morus spp.






